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Preface

In investigations of every kind it is essential that a correct estimate
be made, of the kind and degree of assurance of which the subject
admits.

In the subjects of moral science, the want of appropriate words,
and the occasional application of the same word to denote differ-
ent things, have given occasion to much obscurity and confusion
both of idea and expression; of which a remarkable exemplifica-
tion is presented in the words probability and certainty.

William Wills: An Essay on the Principles
of Circumstantial Evidence (1838)

Forensic Evidence: Science and the Criminal Law (Second Edition), is
intended to serve as an introduction and guide to the appreciation and
understanding of the significant historic, contemporary, and future relation-
ship between the world of the forensic sciences and the criminal justice
system. This book is not intended to be a close study of forensic science, nor
was it ever conceived as becoming one. It is devoted to a study of the judicial
response to uses of forensic science in the investigation, prosecution, and
defense of a crime. The audience to which this study is directed are those
intimately or potentially involved in that relationship: police, forensic scien-
tists, prosecutors, defense lawyers, and professors and students of the criminal
law. It is meant to stand on its own but also to complement the growing
number of excellent treatises and studies in the forensic sciences proper, many
of which are published in the CRC Press series in the area of forensic sciences.

The book will focus on those cases questioning the legal acceptability
under a Frye or Daubert standard of the methodological basis of the forensic
science at issue. However, equally, if not more important, will be the discus-
sions of the numerous cases where the courts, assuming the acceptability of
the underlying methodology, have scrutinized and accepted or rejected a wide
variety of investigative uses of the science under discussion, offered as proof
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of one or more material facts in a criminal prosecution. This latter area of
study is of equal, if not more central importance in understanding the place
of forensic science in the criminal justice system of the 21st century. 

It is time for another close look at both the body of claims and actual
expert opinions supplied to the criminal justice system as we enter the first
decade of the new century. The totally justified attention given rapid DNA
developments should not overshadow the ongoing judicial acceptance and
use of the more traditional body of forensic sciences such as hair, fiber,
ballistics, or fingerprints, most of which have never been fully challenged.
The contributions of forensic science to the criminal justice system have been,
and remain, significant. 

This book is divided into 12 chapters, most of which, with the exceptions
of Chapters 1, Science, Forensic Science, and Evidence and Chapter 2, Science
and the Criminal Law, address the legal profile of a specific forensic science.

Chapter 1, Science, Forensic Science, and Evidence, briefly analyses the
historical and contemporary context in which legal arguments directed to
the adequacy of the findings of forensic science are conducted. This is a
necessary precursor to the more criminally focused discussion that constitutes
the bulk of this volume. The framework of the Frye and Daubert standards
for the introduction of scientific opinion will be discussed here as well as the
significant differences that exist when the legal challenge comes in a civil as
opposed to a criminal law forum.

Chapter 2, Science and the Criminal Law provides an overview of the
entire subject of the uses of forensic sciences in the investigation, prosecution,
and defense of criminal cases in American courts. Central topics addressed
there are the historical and contemporary relationship between forensic sci-
ence and proof of crime, the fundamentals of the application of forensic
science disciplines to the investigation and prosecution of a criminal case,
the function of probabilistic to that process and an extended discussion of
the legal aspects of the modern crime scene. A brief listing of those chapters
follows:

Chapter 3, Hair Analysis, will discuss the court’s response to both class
and individual opinions as respects attempts to connect one or more hairs
found at a crime scene to an individual suspect. This controversial subject
will set the analytical framework for the discussions to follow on a wide range
of forensic science applications.

Chapter 4, Fiber Analysis, will discuss the identification and use of a
wide variety of fiber materials from crime scenes and the processes used to
link any such materials to a suspect.

Chapter 5, Ballistics and Toolmarks, will address the subjects of firearms
and projectile identification, the matching of bullets to a weapon, gunshot
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residue and toolmark identification and attempts to match crime scene stri-
ations to a tool associated with a suspect. 

Chapter 6, Soil, Glass, and Paint, discusses the nature of soil and glass
shard particle identification and the attempt to connect such materials with
an individual suspect. 

Chapter 7, Footwear and Tire Impressions, addresses the identification,
photographing, and or casting of footwear and tire impressions found at a
crime scene to those associated with a suspect.

Chapter 8, Fingerprints, discusses the subject of fingerprint identifica-
tion procedures and the recent Automated Fingerprint Identification System
(AFIS).

Chapter 9, Blood Spatter Analysis, analyses cases involving the subject
of presumptive testing for blood products as well as the subject of blood stain
pattern analysis and its importance in many key aspects of crime scene
reconstruction efforts.

Chapter 10, DNA Analysis, will analyze the court’s scientific conditions
for the acceptance of identification testimony arising from RFLP, PCR, STR
DNA and mitochondrial (MtDNA) analyses, in addition to the small but
growing number of cases and articles addressing nonhuman DNA testing, in
particular, dog, cat, and plant DNA testimony.

Chapter 11, Forensic Anthropology and Entomology will briefly exam-
ine those decisions that utilize the methodologies and findings of these fields
as aides to the investigation and identification of human remains and pro-
viding time of death estimates.

Chapter 12, Epilogue, will provide a brief summary note on the subjects
not covered in this book and the major points sought to be made in the
entire work.
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1Science and the 
Criminal Law

We have also houses of deceits of the senses, where we represent
all manner of feats of juggling, false apparitions, impostures and
illusions, and their fallacies. And surely you will easily believe that
we, that have so many things truly natural which induce admira-
tion, could in a world of particulars deceive the senses if we would
disguise those things, and labor to make them more miraculous.
But we do hate all impostures and lies, insomuch as we have
severely forbidden it to all our fellows, under pain of ignominy
and fines, that they do not show any natural work or thing adorned
or swelling, but only pure as it is, and without all affectation of
strangeness.

Francis Bacon: The New Atlantis (1626)

I. Science and the Legal Process

The term science in the discussions that follow has little or no connection
to the use and understanding of that term as it is uniformly thought of by
the international scientific community. John Horgan, former editor of Sci-
entific American, in his excellent book The End of Science: Facing the Limits
of Knowledge in the Twilight of the Scientific Age,1 sought out the world’s
leading philosophers of science — theoretical physicists, evolutionary biol-
ogists, mathematicians, astronomers, and chaos theorists — to get their
perspectives on whether “science” was at a close, with nothing significant left
to be discovered. This book is a superb survey of modern scientific thinking
across a very wide variety of fields. The contemporary legal question regarding
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the adequacy of a scientific methodology to support an expert opinion is
light years away from the type of scientific inquiry discussed by the scholars
Horgan interviewed. Horgan notes the criticism by Nobel prize-winning
chemist Professor Stanley Miller of scientific papers culled from other
published papers where no hard-won finding has resulted from extensive
laboratory work. Professor Miller referred to such works as “paper chemistry.”
In the hard-fought, science-based civil cases, such as the breast-implant
actions or the polychlorinated biphenyl (PCB) and cancer litigation, we can
borrow the idea and refer to the use of previously published articles, by
extrapolation in such cases, to claim or deny causation as “paper science,” a
charge that may be made in part only about forensic science-based testimony
in criminal cases.2

The attempts to formulate an overarching answer to the question of
“What is science?” in the world of scientific endeavor and the American legal
system are clearly distinct in overall goals, methodology, and practical appli-
cations. When the question is restricted to the area of law, the use of science
in civil tort cases and in criminal prosecutions is also based on significantly
different goals, methods, and practical effects. The issues of whether long-
term exposure to phencyclidine (PCP) can cause cancer in a products liability
lawsuit are quite different from the forensic issue of whether hair or fiber
expert testimony can be used to link a defendant to a crime scene in a
homicide prosecution. It is also important to understand the differences
between civil and criminal cases with respect to the performance of labora-
tory work pursued to answer key factual issues in the cases. Forensic scientists
in white lab coats are routinely involved in criminal prosecutions. Their work
is used to shed light on the physical dynamics that created the crime scene,
to add significant information linking a defendant to a crime scene, and to
move toward the identification of the perpetrator. Forensic scientists are
rarely involved in answering the essential scientific causation issues at the
center of modern products liability litigation.

II. Forensic Science Questions

Examining a set of rhetorical questions that revolve around our core inquiry
about the nature and value of forensic science can help to clarify the discus-
sions that follow.

• What facts or assumptions or surmises can be obtained from the
examination of one or more physical items gathered at a crime scene?

• What is the likely basis for such assumptions or projections, or guesses?
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• What value can be assigned to any factual estimation in a criminal
justice system where life and liberty and justice to a victim all play a
part?

• What is the meaning of statements that report one or more fibers or
hairs or footprints, are or are not consistent with, or not dissimilar
or substantially similar to, another fiber, hair, or footprint?

• What is the basis for such statements and what value can be allocated
to them if one set of exemplars was taken from a crime scene and the
other exemplars belong to a suspected perpetrator? 

• What are the implications of such statements in the context of long-
held requirements that the elements of a crime must be proven beyond
a reasonable doubt? How does circumstantial evidence fit into pros-
ecutorial efforts designed to meet such a high bar of proof in a case
partially supported by hair or fiber evidence?

• How dependent is the power of forensic evidence on the traditional
observation by eyewitnesses?

• How much of forensic analysis and comparison testimony have to do
with scientific theory or recognized scientific methodology? 

• What science, if any, has been traditionally associated with hair, fiber,
paint, or glass analysis; and how has that science changed as we enter
the 21st century?

• Is forensic analysis, aside from microscopy, scientific because of the
theoretical underpinnings of the discipline, or because of its use of
microscopy and other processes that aid its essentially observational
nature?

• What is the difference if the bulk of the forensic science analyses are
simply a combination of experience and modern microscopy? What
else, from a forensic scientist standpoint, can be said about fiber, hair,
footprints, fingerprints, or ballistics and their examinations and the
factual assumptions that result? Can more be found to give such
disciplines as great or greater credibility than fingerprint impression,
ballistics, tool marks, or deoxyribonucleic acid (DNA)?

The repetition of these recurring questions across the range of the forensic
sciences discussed in this book indicates the great similarity of trace-evidence
analysis, in both a class characteristic and especially in individualistic state-
ments, that seeks to link a particular suspect to a crime scene. In hair analysis;
footwear and tire impressions; glass, paint, and soil analyses; bite-mark
impressions, and most other, forensic science settings, we seek to discover
what general nonsuspect-related categories of information can be gleaned
from the analysis of a datum, for example, fiber obtained at a crime scene.
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These class statements begin the sketch of the person or persons who
were present and are essential investigative links in the chain of circumstantial
evidence pointing toward a particular suspect. The success of such efforts,
of course, is directly related to the integrity of the crime-scene preservation.
The sad results in the recent Jon Benet Ramsey murder investigation testify
to that simple fact.

When speaking of law and science matters, there are two distinct areas
of legal practice involved. On the civil side, science-related issues are typically
involved in the area of product liability and its subset of chemical-based
injuries, often referred to as “toxic torts.” A wide range of business-related
legal issues may involve scientific matters, from contracts, to patent infringe-
ment, to antitrust, and so on. On the criminal-law side, the science-based
issues cover considerable ground, ranging from proof offerings in the areas
of hair and fiber analyses; soil, glass, and paint identification; and a host of
facts related to forensic pathology, toxicology, blood products, as well as the
area of ballistics and tool marks. In these kinds of criminal cases, some science
is accomplished to generate material facts, such as DNA identifications or
bullet or shell-casing matching, in the case at hand. This use of science is
different from civil, product-liability-type cases that are centered in issues of
causation, where not only no science is performed for the immediate case,
but where published scientific articles, usually not precisely descriptive of the
science at issue, are used through extrapolation analyses.3 

Forensic scientists “in white lab coats” are routinely involved in forensic
evidence-focused criminal prosecutions. Their work is used to shed light on
the physical dynamics that created the crime scene and to add significant
linking information as to the identity of the perpetrator. They are rarely
involved in answering the dispositive “scientific”-causation issues at the cen-
ter of modern product-liability litigation, such as “Does migrating silicone
from a ruptured breast implant cause autoimmune system damage?” These
types of issues are the focus of recent and ongoing United States Supreme Court
decisions that seek to finalize a “one-size-fits-all” definition of “science.”4

Forensic evidence involves the efficacy of information that has been
scientifically generated for a particular case, the validity of which is grounded
in past experiences in similar cases as evidenced in the forensic literature.
Forensic evidence is a much more-real scientific application to the case at hand.
Tort cases, on the other hand, present a radically different situation. True
“science” questions are rarely central issues even in the most complex tort
products-liability cases. A clear cause-in-fact or causal-relation problem —
seldom the central issue in these cases — the questions revolve almost exclu-
sively around the issue of “science as business.” Most product liability cases
do not deal with “science” understood in the sense discussed in the world of
international science, at least not in any sense of the term as research scientists
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understand it. More often the focus is on one of the ways a manufacturing
corporation, utilizing complex but practical science to develop and market
products, designs it, or often publishes communications with regard to the
risks customers are exposed to by using such products.5

The historical hallmark of crime-scene investigation has always included
close observation, well-paid attention, and the application of common sense
and logic to solving the crime being observed. These characteristic actions
were associated with crime scenes well before the current preoccupation of
the courts and legal scholars with the precise relationship of law and science,
especially in areas of tort causation in the civil law and the forensic sciences
in the criminal law. The law brings little to the table with respect to developing
acceptable scientific methodologies, theories, and opinions. What it has pur-
sued, especially at the very end of 20th century, is to craft legal doctrine
designed to ensure that proffered scientific explanations and opinions com-
port with the most credible scientific thinking about methods and conclusions
based on such, in instances where expert opinion is offered in a civil or
criminal case.

Recourse has always been to the scientific community involved for guid-
ance. This guidance was viewed, however reluctantly, as an inevitable neces-
sity in some form, from the earliest days of the common law. In Spencer
Cowper’s Trial,6 held in England in 1699, the ongoing skirmish between
courts and expert witnesses can be seen in the following exchange:

Dr. Crell: “Now, my lord, I will give you the opinion of several ancient
authors.”

Baron Hatsell: “Pray, doctor, tell us your own observations.”
Dr. Crell: “My lord, it must be reading, as well as a man’s own experience,

that will make anyone a physician, for without the reading of books of that art,
the art itself cannot be attained to. Besides, my lord, I conceive that in such a
difficult case as this, we ought to have a great deference for the reports and
opinions of learned men. Neither do I see why I should not quote the fathers of
my profession in this case as well as you gentlemen of the long robe quote Coke
upon Littleton in others.”

Baron Hatsell’s understandable reluctance to allow “testimony” of
authors not subject to cross-examination notwithstanding, the common law’s
dependence on the world of science and its experts remains.

Modern criminal courts, post-Daubert, are feeling the increasing need
to comply with defense demands to delve into the scientific bases of the whole
body of the forensic sciences, not the least of which are the trace evidence
staples of hair, fiber, soil, and finger and footwear impressions. What is coming
to the surface in these recent challenges are basic observational disciplines
aided by modern microscopy, without the existence of the minimal type of
comparative statistical databases available in more science-based disciplines
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such as DNA typing and population predictability. The primarily observa-
tional base of a significant amount of forensic sciences’ contribution to the
criminal law may seem alarming, but close observation has always been the
case. This reality does not detract from the increasingly modern scientific
environment in which so much forensic work is achieved and its factual
offerings input into modern criminal trials.7

III. Forensic Science and Circumstantial Evidence

Circumstantial evidence, specifically, the subjects — traditional modes of
observation and examining forensic practices and probability analyses — are
separate but intimately related aspects of historical and contemporary
attempts at truth seeking and truth finding in the criminal trial process.
Contemporary forensic-evidence conferences and the forensic literature
exhibit considerable enthusiasm for the power and potential of twenty-first-
century scientific advances for the investigation and solution of crimes, such
as DNA research and developments in laser-based technology. It is often
forgotten or overlooked, however, that the greater number of the traditionally
employed forensic sciences are, in effect, based on and centered in close
observation, aided by modern microscopy, and do not employ any additional
statistics-based projections as to the potential accuracy of the laboratory
“match.”8 The term forensic is a very old word, always cast in terms of the
presentation of arguments in public forums.9 In the face of ongoing criticism
that forensic or rhetorical arguments merely taught methods for embellishing
the truth, the rejoinder, from Plato’s day, has, on the contrary, been that
forensic argument is designed to “make the truth sound like the truth.”10

An examination of American criminal cases from the earliest days of the
republic reveals several interesting observations about expert assistance in
establishing material facts in a prosecution for crime. Initially, it is of value
to note just how few such cases there are that address the issue in any signif-
icant way. Additionally, it is clear — as in the numerous science-based patent
cases — that courts were generally willing to listen, even gratefully, to qual-
ified experts, but given the basic observational and logical foundation for
forensic-based testimony, were generally much more skeptical and, at times,
demanding.

The beginnings of the legal response to information, based on studied
observation, logic, and common sense, are to be found in the late 18th
century and the second half of the 19th century. The real history of forensic
evidence and the criminal law does not begin with the increasingly impressive
applications of science since the 1920s and 1930s. Until that modern period,
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there were a series of reported decisions employing what might be referred
to as forensic evidence before forensic science. If the assumption is that forensic
science is basically and historically centered in observation and if extrapola-
tion is accurate, its history runs much deeper than currently considered.11

A long common-law history of attempts to solve crimes and successfully
prosecute the offender goes back well into the 18th, 19th, and early 20th
centuries. The early evidence treatises by Jeremy Bentham,12 S. M. Phillipps,13

William Wills,14 Simon Greenleaf,15 Alexander Burrill,16 and John Henry
Wigmore17 are filled with analyses of crimes solved by close attention to the
items of evidence left at a crime scene. Books relating the tales of murder
most foul solved by close observation and common sense were extremely
popular and remain so today.18 This era of forensics before forensic science
is not only interesting reading, but also demonstrates that a great amount of
today’s forensic science has as much in common with inferential, circum-
stantial evidence theory as it does with modern scientific theory. The proving
power of the tug of circumstance lies in the fact that the discussion of
forensics is had in the context of crime-scene items linked to the defendant
in hand. 

IV. Forensic Science, Forensic Evidence, and the Modern 
Crime Scene

The basic methodologies of the vast majority of the forensic sciences have
received guarded acceptance in most state courts. Many, however, have never
really been subjected to a close Frye or Daubert preliminary scrutiny. Until
very recent years, forensic sciences, such as hair and fiber analysis, have simply
been routinely accepted without objection. 

A good recent example is the Indiana Supreme Court’s 1997 opinion in
McGrew v. State,19 a rape case involving testimony “matching” a pubic hair
found in the car where the victim was allegedly attacked and a pubic hair
exemplar from the defendant. Prior to releasing the state’s expert hair analyst,
the court directed a telling series of questions to him:

COURT: (I)n regard to the examination. It is simply a physical, visual
examination of the hair?

ANALYST: Yes, sir.
COURT: You simply say that one hair looks like another one or it doesn’t

look like another one?
ANALYST: I say it’s sufficiently similar to have come from that person or it

is dissimilar.
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COURT: And if you say that it … (is) similar to come from that person …
that doesn’t mean that it comes from that person.

ANALYST: It just simply means that it could have come from that person.
COURT: And you do not know the statistical percentages of how many

people would have similar hair?
ANALYST: There are no statistics. It’s hard to say.20

Modern case reports are increasingly filled with lengthy discussions of
forensic expertise.21 Whether use of claims of incompetence of counsel or the
trial court’s failure to supply indigents with adequate funding to hire their
own experts, courts are increasingly engaging in wide-ranging forensic sci-
ence discussions. A striking fact about such recent cases is that in most states
before the post-Daubert era, the bulk of the contemporary claims of scientific
inadequacy were either not raised at all or given short shrift by the courts.
Today, prosecutors, citing the years’ long use by police of these sciences, argue
for their unchallenged acceptance. Defense counsels are increasingly seeking
to challenge the bases for forensic science, especially in the trace-evidence
area. Admissions by the Federal Bureau of Investigation (FBI) of major mis-
takes in the area of fingerprint examination and recent major disagreements
between traditional hair analysts and mitochondrial DNA (mtDNA) hair
experts are indications of the change in the unchallenged nature of forensic
science testimony. Nonetheless, recent examination of cases seems to indicate
that a serious post-Daubert challenge to the scientific validity of the body of
forensic sciences may be inadequate.22 

V. Scientific Foundations and the Courts

In civil as well as criminal cases, the parties seek to prove or disprove a
sufficiently strong connection between defendant’s act or omission and the
death or injury in suit. However, the “science” at issue in civil cases, often
centered on questions of causation, normally consists of scientific peer-
reviewed studies that may only be probative of any such connection by
extrapolation. Can this pharmaceutical cause cancer or birth defects? Such
testimony, often by the use of inferential statistical analyses of epidemiolog-
ical studies, does not provide the individualizing expert testimony typically
given by forensic scientists in criminal litigation. In the criminal case, the
use of forensic science means that some form of laboratory work has been
performed to resolve factual matters in the case itself.23

While there are repetitive areas of scientific focus in civil cases, such as
chemistry and pharmaceuticals, or biological, mechanical, or electrical engi-
neering, much less opportunity exists to discuss the general outlines of
acceptable methodology. The forensic sciences, traditionally associated with
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the prosecution of crime, such as fiber comparisons, allow such broad meth-
odological reviews and accordingly are required to varying degrees by crim-
inal courts. Nonetheless, the legal concerns are basically the same. The
evidence part of the concept of forensic evidence refers to a distinct set of
procedures unique to the litigation process, separate and distinct from the
processes of any particular forensic science that is the basis for the decision
to admit or not to admit evidence.

It is important to recall the fundamentally different reasons for the intro-
duction of scientifically generated information in the civil and criminal liti-
gation systems. The use of the term litigation is important here because it is
in the process of litigation that the issues discussed are brought out. Distinct
from other contexts, the nature or acceptability of scientific methodologies
or opinions is at the center of the inquiry, such as grant requests, patents,
contractual disputes, or publication in a scientific, peer-reviewed publication.

Forensic information generated by one or more of the forensic sciences
comes to the law in one or both of two forms of expert witness opinion. The
first is referred to as a class characteristic statement that speaks generally to
some aspect of the crime scene under examination. Testimony that the pubic
hairs found on a rape-homicide victim came from a Caucasian male or that
shell casings found at the scene came from a certain make and model of
firearm are two typical examples of this type of statement. The second type
of potential testimony generated by a forensic science is known as individual
or matching statements, i.e., that serve to link some data found at the crime
scene to a particular defendant. Testimony finding that court-ordered pubic
hair exemplars obtained from the defendant is consistent in all respects to
the hair located on the victim, or that fibers found on the victim’s clothing
are consistent with fibers from the defendant’s jacket, will serve as examples.24

This idea of class characteristic statements refers to the reality that many
confident general conclusions about the dynamics of a crime scene may be
made under the auspices of an individual forensic discipline.25 

The context in which the science-based questions addressed in this book
arise is in the proffer of expert testimony in civil or criminal cases, where
one side, at a pretrial hearing or at trial, seeks to challenge the propriety of
the other side’s experts testifying at all, or more frequently, to challenge the
reliability or general acceptability of the methodology used by the expert in
forming an opinion. For example, a lawyer in a civil product liability case
wants his expert to testify that long-term exposure to PCBs caused cancer in
his client. The company lawyers have their own experts, who will deny the
carcinogenic potential of PCBs. In a criminal prosecution for sexual assault
and murder, the state wishes to present complex DNA, hair, and fiber testi-
mony to place the defendant at the crime scene.26
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According to tried and true evidence law theory, any such witness may
be challenged on four basic grounds. First, the case may simply not call for
expertise at all and the jury may decide the disputed fact without the need
for lengthy (and often highly prejudicial) testimony. Second, a particular expert
witness may be challenged on basic qualifications to give any opinion in the
field at issue because of insufficient background in education or experience
to have anything of value to offer on the fact at issue. Third, either the meth-
odology utilized by the expert to support an opinion is not in fact scientifically
sound, thereby not capable of supporting the proffered opinion, or the meth-
odology is sufficiently scientifically sound to support an opinion, but this
witness’ opinion based on such method is not sufficiently derived from such
scientific methodology.27 The third and fourth process-based objections are
the key objections at the center of the current state and federal controversy
over the utilization of scientific opinion in America’s courts.

VI. Science and the Courts

You cannot separate, for trial purposes, forensic evidence from the testimony
of forensic experts. Based upon this reality, many legal issues result, not the
least of which is a minimal understanding of the rules of criminal discovery
and the overarching rules of evidence themselves, which control the entirety
of the information flow in any trial, not just a trial for the prosecution of a
criminal act. Many important dispositive questions arise from the necessary
presence of forensic experts in criminal trials: What is science? Who qualifies
as an expert? Who must pay for these experts? How does criminal discovery
provide for the exchange of scientific information between the prosecution
and defense? 

The first question is “What are the appropriate standards of ‘forensic’
science that can support a proffer of fact that can be used to establish a
material fact in a case?” It cannot be overlooked that the term forensic science
implies the use of a scientific theory or methodology to generate facts in the
investigation and prosecution of a crime. The Daubert question is a prelim-
inary question as to whether it is a reliable and fair way to generate a material
fact, let alone a particular fact that may be used in any particular prosecution.

State and federal courts in both civil and criminal cases are increasingly
occupied with cases centered on the need for an encompassing and practice-
oriented definition of science and scientific method as an essential precursor
to the admissibility of opinions of experts based upon that science. In the
past decade, the subject of the propriety and extent of expert testimony in
civil and criminal cases has been attacked from both sides in an ongoing
battle as to what is a legally acceptable scientific foundation for the proffering
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of expert opinion. The following section examines the key federal cases that
set the current parameters for the introduction of science-based expert opin-
ion in the nation’s courts.

VII. Frye v. United States

The Frye test had its origin in Frye v. United States,28 a short and citation-free
1923 United States Court of Appeals decision concerning the admissibility
of evidence derived from a systolic blood-pressure deception test, a crude
precursor to the polygraph machine. In Frye, the defendant was convicted
of the crime of murder in the second degree. In the course of the trial, defense
counsel proffered an expert to testify to the results of a “deception test” made
upon the defendant. The test was characterized as a “systolic blood-pressure
deception test.” It was claimed that changes in blood pressure would be
caused by changes in the emotions of the witness, and systolic blood-pressure
rises were brought about by nervous impulses sent to the autonomic nervous
system. Scientific experiments, the defendant asserted, confirmed that fear,
rage, and pain routinely produced an elevation of systolic blood pressure,
and that conscious deception or falsehood, concealment of facts, or guilt of
crime, accompanied by fear of detection when the person is under examina-
tion, raised the systolic blood pressure in a curve, which corresponds exactly
to the struggle going on in the subject’s mind, between fear and attempted
control of that fear, as the examination touches the vital points about which
he was attempting to deceive the examiner.29

The proffer was objected to by the government, and the court sustained
the objection. Counsel for defendant then offered to have the proffered
witness conduct a test in the presence of the jury, which was also denied.

The defendant’s counsel agreed that no cases directly in point had been
found. The broad ground, however, upon which they based the case, was
that the rule stated that the opinions of experts or skilled witnesses were
routinely admissible in cases where the matter of inquiry is such that inex-
perienced persons were likely to be incapable of forming a correct judgment
upon the matter, due to its subject being a matter of art or science with which
they would be unfamiliar. When the question involved did not lie within the
range of common experience or knowledge, but required special experience
or knowledge, the opinions of witnesses skilled in that particular science, art,
or trade to which the question related were admissible in evidence.30

Here, rather than questioning the expertise of defendant’s expert, the
government challenged the basic foundation for the methodology of any such
machine. Thus the court was required to construct a rule that would assist
it and future courts in determining the sufficient level of confidence that
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should be reposed in a scientific methodology supporting any proffered
opinion based upon it. Such analysis was to be had as a precursor to the
admissibility of an opinion based upon it.

The court, speaking through Judge Van Orsdel, noted that the issue of
exactly when a scientific principle or discovery crosses the line between the
experimental and demonstrable stages was difficult to define:

Somewhere in this twilight zone, the court continued, the evidential force
of the principle must be recognized, and while courts will go a long way in
admitting expert testimony deduced from a well-recognized scientific prin-
ciple or discovery, the thing from which the deduction is made must be
sufficiently established to have gained general acceptance in the particular
field in which it belongs. We think the systolic blood-pressure deception test
has not yet gained such standing and scientific recognition among physio-
logical and psychological authorities as would justify the courts in admitting
expert testimony deduced from the discovery, development, and experiments
thus far made.31

Thus the court, realizing that legal doctrine had nothing to supplant the
views of the scientists, took the position that if the methodology at issue was
generally accepted by the relevant scientific community that would be accept-
able to the law.

The general acceptability rule was thus born and continued to be the
rule for the next 70 years, until the decision by the United States Supreme
Court in the famous case of Daubert v. Merrell Dow Pharmaceuticals,32 in
1993. The period of 1923 to1993 saw the gradual development and eventual
explosion of product liability law in the 1960s and 1970s.

The major work of the nation’s courts in the products field was the
creation and refinement of the mass of principles involved in forming the
law of strict liability for products.33 It was not until 1993, when defendant
Merrell Dow Pharmaceuticals challenged the methodology of plaintiff ’s
expert in determining that the body of epidemiological studies established,
according to his unique methodology, that the ingestion of the drug Bendec-
tin was the cause of fetal malformations, that the sea change occurred.

VIII. Daubert v. Merrell Dow Pharmaceuticals

In the Daubert decision, petitioners were minor children born with serious
birth defects, alleged to have been caused by their mothers’ ingestion of
Bendectin, a prescription antinausea drug marketed by defendant Merrell
Dow Pharmaceuticals. The plaintiffs in Daubert were children and their parents
who claimed the children’s birth defects were caused by their mothers’ inges-
tion of Bendectin, a drug prescribed to combat nausea during pregnancy.
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Merrell Dow, the marketer of Bendectin, moved for summary judgment,
supporting its motion with the affidavit of an expert who stated that no
published study of patients had found Bendectin to cause malformations in
fetuses. The plaintiffs responded with the testimony of eight experts who
concluded that Bendectin can cause birth defects, basing their conclusions
upon animal-cell and live-animal studies, pharmacological studies, and
reanalyses of previously published epidemiological studies.34 After consider-
able discovery, Merrell Dow moved for summary judgment, contending that
Bendectin does not cause birth defects in humans and that petitioners would
be unable to come forward with any admissible evidence that it did. In
support of its motion, Dow filed the affidavit of Dr. Steven H. Lamm, a
physician and epidemiologist, who was an experienced and solidly supported
expert on the risks from exposure to various chemical substances. Lamm said
that he had reviewed all 30 published studies on both Bendectin and human
birth defects, involving more than 130,000 patients, and stated that none had
found Bendectin to be a substance capable of causing malformed fetuses.
Doctor Lamm concluded that maternal use of Bendectin during the first
trimester of pregnancy had not been proven to be a risk factor for human
birth defects.35

Plaintiffs did not contest this portrayal of the birth defect literature, but
countered with the testimony of eight experts of their own, each of whom
concluded that Bendectin can cause birth defects. Their conclusions were
based upon in vitro (test tube) and in vivo (live) animal studies that found
a link between Bendectin and malformations; pharmacological studies of the
chemical structure of Bendectin that purported to show similarities between
the structure of the drug and that of other substances known to cause birth
defects; and the “reanalysis” of previously published epidemiological (human
statistical) studies.36

The district court granted respondent’s motion for summary judgment,
where, citing Frye, the court stated that scientific evidence was admissible
only if the principle upon which it is based was sufficiently established to have
general acceptance in the field to which it belonged, concluding that peti-
tioners’ evidence did not meet this standard. The court held expert opinion
that was not based on epidemiological evidence was not admissible to establish
causation.37 The animal-cell studies, live-animal studies, and chemical-structure
analyses on which petitioners had relied could not, alone, establish a reason-
ably disputable jury issue regarding causation. Petitioners’ epidemiological
analyses, based as they were on recalculations of data in previously published
studies that had found no causal link between the drug and birth defects,
were ruled to be inadmissible because they had not been published or sub-
jected to peer review.38
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The United States Court of Appeals for the Ninth Circuit affirmed,39

holding that expert opinion based on a scientific technique was unacceptable
unless the technique was “generally accepted” as reliable in the relevant
scientific community. The court held that expert opinion based on a method-
ology that significantly deviated from the procedures accepted by recognized
authorities in the field could not be established to be generally accepted as a
reliable technique.40

The court stressed that other courts of appeals that had addressed the
alleged dangers of Bendectin had declined to accept reanalyses of epidemio-
logical studies that had not been published nor subjected to peer review.41

Those courts had indeed adjudged unpublished reanalyses exceptionally
problematic in light of the great import of the original published studies
supporting Merrell Dow’s, all of which studies had been subject to close
review by the scientific community.

The United States Supreme Court, speaking through Justice Blackmun,
noted that in the 70 years since its formulation in the Frye case, the “general
acceptance” test has been the dominant standard for determining the admis-
sibility of novel scientific evidence at trial, and that, while under increasing
criticism, nonetheless continued to be followed by a majority of courts,42

including the Ninth Circuit. Justice Blackmun observed that the merits of
the Frye test had been much debated, and that the scholarship on its proper
scope had continued to grow at an ever increasing pace.43 Here the court
agreed with Merrell Dow that the proper focus of such discussions should
henceforth be the provisions of the Federal Rules of Evidence, not the 70-year-
old Frye decision. The court was required to interpret the legislatively enacted
Federal Rules of Evidence as they would any statute, and that Rule 401 and
402 provided the baseline theory.44 These two rules of relevancy were to be
used in these cases in conjunction with Rule 702, setting forth the basic
principle regarding the admissibility of expert testimony.45

The court observed that nothing in the language of Rule 702 or the Rules
as a whole ingrain general acceptance as an absolute prerequisite to admis-
sibility and, indeed, would be at odds with the liberal thrust of the Federal
Rules of Evidence.

Having concluded that the Frye test was replaced by the Rules of Evi-
dence, however, did not mean that there were no checks on the admissibility
of purportedly scientific evidence, and a trial judge was not disabled from
screening such evidence. Under the Federal Rules of Evidence, the trial judge
was required to warrant that any and all scientific testimony or evidence
admitted was not only relevant, but reliable.46 The primary locus for this
obligation was Federal Rule of Evidence 702.

When presented an offer of expert scientific testimony, a trial judge must
determine at the outset whether the expert was proposing to testify to scientific
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knowledge that would assist the trier of fact to understand or determine a
fact in issue. If so, a preliminary assessment was required of whether the
reasoning or methodology underlying the testimony was scientifically valid
and of whether that reasoning or methodology properly could be applied to
the facts at issue.47

Several observations can help clarify with respect to the ruling in Daubert.
A summary of the requirements for the admissibility of scientific expert
witness opinion under Frye and Daubert is included here. Under either
decision, and regardless of what facts or factors are agreed to in a particular
case, courts could examine only a limited number of questions:

1. Are there any published peer-reviewed books or articles?
2. Is this methodology taught in universities or discussed in professional

scientific meetings or colloquia?
3. Can this methodology be tested for accuracy? Does it have a known

error rate?
4. Is this methodology generally accepted in the relevant scientific com-

munity where similar concepts are studied and used?

No other significant questions can be asked and the same questions are
basically asked under either Frye or Daubert. In Daubert, in rejecting the
Frye rule, the court essentially wrapped the above balancing criterion in a
Federal Rules of Evidence package, with a stated preference to treat general
acceptability as only one, but not the essential, factor to receive attention.
Hence the relevant and reliable standard of Daubert, rather than the general
acceptability rule of Frye, is functionally the same as far as its implementation
is concerned. The Daubert relevancy standard simply means that the scien-
tific information that a party seeks to introduce into evidence has the ability
to make some fact that is of consequence to the action more probable or less
probable than it would be without it.48

The Daubert decision has yet to be formally accepted by all state courts,
many of which adhere to a Frye standard. However, the greatest number of
states has accepted Daubert’s more liberal, open analysis approach, making
the real differences between the two models increasingly difficult to see. The
Daubert case prompted another four years of decisions applying what was
perceived as its requirements in an extensive variety of scientific methodol-
ogies.49 The important question of the extent to which the Daubert gate-
keeper could make a pretrial judgment about the opinion of an expert,
arguably based on relevant and reliable methods, was not addressed in Daubert.

This important point was resolved in the affirmative in the 1997 decision
of the U.S. Supreme Court in the case of General Electric v. Joiner,50 involving
the question of whether long-term exposure to PCBs could cause cancer. The
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case also provides an extended discussion of the Daubert criterion, especially
with regard to the importance of the presence or absence of peer-reviewed
scientific articles on the questioned methodology.

This section and others present a series of key product-liability decisions
of the past decade. All such cases involve common-law actions for damages
grounded in products liability theory. Otherwise, Daubert applies with full
force to the numerous and extremely important science decisions made by
federal regulatory agencies in the enforcement mission.51

IX. General Electric v. Joiner

Robert Joiner began work as an electrician in the Water and Light Depart-
ment of Thomasville, Georgia (City) in 1973. Joiner’s job required him to
work with and around the City’s electrical transformers, which used a mineral-
based dielectric fluid as a coolant. Joiner often had to stick his hands and
arms into the fluid to make repairs and the fluid would sometimes splash
onto him, occasionally getting into his eyes and mouth. In 1983 the City
discovered that the fluid in some of the transformers was contaminated with
PCBs. PCBs are widely considered to be hazardous to human health. Con-
gress, with limited exceptions, banned the production and sale of PCBs in
1978.52

Joiner’s theory of liability was that his exposure to PCBs and their deriv-
atives “promoted” the cultivation of his lung cancer. In support of that theory,
he proffered the deposition testimony of a number of expert witnesses.
Defendants argued that Joiner’s experts’ testimonies regarding causation were
nothing more than unscientific speculation, stressing the absence of any peer-
reviewed epidemiological studies and that their testimony was based exclu-
sively on disconnected studies of laboratory animals. The trial court agreed
with petitioners that the animal studies did not support Joiner’s position that
exposure to PCBs had caused or significantly contributed to his cancer. The
trial court also ruled that the four epidemiological studies on which Joiner’s
experts had relied were not a sufficient basis for their opinions on causation.53

In an important concurring opinion, Justice Breyer addressed the per-
ceived problem of the difficulty of the district court gatekeepers getting high-
level, objective, expert support for its pretrial function in these cases. He
noted that the trial judges would sometimes be required to make subtle and
sophisticated determinations about scientific methodology and its relation
to the conclusions an expert witness sought to offer.54 This would be partic-
ularly so in cases where the involved area of science was tentative or uncertain,
or where epidemiological or laboratory testing was offered to prove individ-
ual causation. Amici had reminded the court of the dangers existent due to
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judge’s lack of scientific expertise and lack of opportunities for meaningful
training.55 Justice Breyer was particularly impressed with the amici brief filed
by The New England Journal of Medicine and its editor-in-chief, Marcia
Angell, M.D., in which the Journal writes: (A) judge could better fulfill this
gatekeeper function if he or she had help from scientists. Judges should be
strongly encouraged to make greater use of their inherent authority … to
appoint experts …. Reputable experts could be recommended to courts by
established scientific organizations, such as the National Academy of Sciences
or the American Association for the Advancement of Science.56 Justice Breyer
concluded by stating his view that given this kind of offer of cooperative
effort, from the scientific to the legal community, and given the various Rules-
authorized methods for facilitating the court’s task, Daubert’s gatekeeping
function would not prove overly arduous to achieve.57

The Joiner decision thus expands the prerogative of the trial court gate-
keeper to include rejecting an expert’s opinion, although admittedly based
on acceptable or reliable methodology, if the court is of the view that such
opinion was not rationale supported by such methodology.58

The most recent major Supreme Court decision in the Frye-Daubert line,
decided on March 23, 1999, is Kumho Tire v. Carmichael,59 addressing the
important question of whether the Daubert guidelines apply to all expert
witnesses or exclude experts in applied technology or other forms of expe-
rience-based expertise, thus depriving corporate defendants of pretrial
opportunity to challenge expert witnesses.

X. Kumho Tire v. Carmichael

This case arose from the explosion of a minivan tire resulting in death and
injuries. Plaintiff expert Carlson concluded that the tire at issue was defective
in design, which defect led to the fatal explosion. Carlson’s conclusion was
based upon a number of factors, including his personal examination of the
tire carcass. Carlson concluded that the tire did not bear at least two of the
four “overdeflection symptoms,” nor was there any less obvious cause of
separation; and because neither overdeflection nor the punctures caused the
blowout, he surmised that either a manufacturing or design defect caused
the separation.60

Defendant Kumho Tire moved the district court to bar Carlson’s testi-
mony on the basis that his methodology for defect analysis was not reliable
under a Daubert standard. Justice Breyer, speaking for the court, held that
the primary issue here was whether the gatekeeping obligation imposed on
federal trial courts applied only to scientific testimony or to expert testimony
of all types, cutting edge or familiar. Justice Breyer and the court ruled that
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the Daubert factors analysis was available to test all manner and forms of
expert testimony, not just opinions arising out of cutting-edge science. The
court stated that it would prove difficult, if not impossible, for judges to
administer evidentiary rules under which a gatekeeping obligation depended
upon a distinction between “scientific” knowledge and “technical” or “other
specialized” knowledge. There is no bright line that divides the one discipline
from another. Engineering rested solidly on scientific knowledge, and so-
called pure scientific theory itself often hinged for its emergence and evolution
upon observation and properly engineered machinery. The court observed
that conceptual efforts to distinguish the two were unlikely to produce clear
legal lines capable of application in any particular case.61

In addition, Justice Breyer continued, there was no perceived need to
carve out any such demarcations between science and engineering: Neither
is there a convincing need to make such distinctions:

Experts of all kinds tie observations to conclusions through the use of
what Judge Learned Hand called “general truths derived from … specialized
experience.” (Citations omitted.) And whether the specific expert testimony
focuses upon specialized observations, the specialized translation of those
observations into theory, a specialized theory itself, or the application of such
a theory in a particular case, the expert’s testimony often will rest “upon an
experience confessedly foreign in kind to (the jury’s) own.” … The trial
judge’s effort to assure that the specialized testimony is reliable and relevant
can help the jury evaluate that foreign experience, whether the testimony
reflects scientific, technical, or other specialized knowledge.62

The court answered in the affirmative when asked by the petitioners if
trial courts may consider the several specific reliability factors that Daubert
said could bear on a gatekeeping determination:

The petitioners asked specifically whether a trial judge determining the
admissibility of an engineering expert’s testimony may consider several more
specific factors that Daubert said might “bear on” a judge’s gatekeeping
determination. Those factors include: (1) whether a theory or technique can
be (and has been) tested; (2) whether it has been subjected to peer review
and publication; (3) whether, in respect to a particular technique, there is a
high known or potential rate of error, and whether there are standards
controlling the technique’s operation; and (4) whether the theory or tech-
nique enjoys general acceptance within a relevant scientific community.63

The court, after emphasizing the elastic nature of the Daubert Rule 702
criterion, observed that those factors did not all necessarily apply in a par-
ticular case and that one or more could serve as the deciding factor or factors
in a particular instance.

The court concluded that expert Carlson’s testimony here was not reliable
under the Daubert criteria, and would be barred. There was no indication
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in the record that other experts in the industry used Carlson’s two-factor test
or that tire experts such as he generally made the fragile distinctions about
the symmetry of shoulder tread wear that were necessary, if based upon
Carlson’s own theory, to support his conclusions. The court also emphasized
that there was an absence of any peer-reviewed articles or papers that con-
firmed the reliability of Carlson’s method.64 Indeed, Justice Breyer continued,
no one had argued that Carlson himself, were he still working for Michelin,
would have concluded in a report to his employer that a similar tire was
similarly defective on grounds identical to those upon which he rested his
conclusion here.

In sum, the court concluded, Rule 702 grants the district judge the
discretionary authority, reviewable for its abuse, to determine reliability in
light of the particular facts and circumstances of the particular case. 

XI. People v. Sutherland: A Case Study

Before investigating the individual forensic sciences and how they have been
responded to by prosecutors, defense counsel and the courts, consider a
complex case study arising from the rape and murder of a 10-year-old child
in a rural Illinois community. It demonstrates the complexity of a modern
crime-scene investigation in a case involving kidnapping, sexual assault, and
homicide. The Sutherland case is essentially a circumstantial evidence case,
that is, one without any direct evidence of the defendant’s participation in
the crime. The case study is appropriate to our discussion here because
virtually all the facts pointing toward defendant’s guilt was generated by
expert testimony based on several of the traditional forensic sciences. This
case study is an excellent, current example of the process of using forensic
sciences to generate forensic evidence for use at trial. It sets the stage for the
detailed analyses of the various forensic sciences in later chapters. The forensic
sciences at the center of the state’s proof here are hair analysis, mitochondrial
DNA (Mt DNA) hair analysis, fiber analysis, footwear impressions, and tire-
tread impressions. Nuclear DNA evidence was not tested given the fact that
at the time of the murder, which occurred in 1987, DNA testimony was not
used in Illinois courts. There were no witnesses to this horrible crime and
the sole evidence linking the defendant Cecil Sutherland to it was the testi-
mony of a small number of forensic scientists. The defendant’s conviction
was affirmed by the Illinois Supreme Court in 1993. In 2000, the same court
granted the defendant a new trial, based on incompetency of counsel in his
first trial, as the result of a new appeal by new counsel. The Sutherland case
was scheduled for a retrial in downstate Illinois in April or May 2004, 17 years
after the date of the murder of Amy Schultz.



20 Forensic Evidence: Science and the Criminal Law, Second Edition

In People v. Sutherland,65 decided by the Illinois Supreme Court in 1993,
the defendant had been convicted of aggravated kidnapping, aggravated
criminal sexual assault, and murder. This conviction was based solely on
circumstantial evidence, most of which was generated by forensic science. In
2001 the Illinois Supreme court reversed the conviction, based on a finding
of incompetence of counsel.66 The Sutherland cases are excellent examples
of the interaction of forensic science with the preexisting and overriding body
of considerations that constitute the legal process. 

An oil field worker discovered the nude body of 10-year-old Amy Schultz.
Her clothes — her shirt, shorts, underpants, shoes, and socks — were found
strewn along the oil lease road. Due to the lack of any eyewitnesses, the trial
was centered on the presentation of forensic evidence in the areas of forensic
pathology, hair and fiber analysis, and tire-tread casting impression compar-
isons. The Sutherland case study is a clear example of the ongoing inter-
relationship between the world of forensic science and the investigation and
proof of crime. Significant questions about justice are at the heart of prose-
cutions, such as Sutherland, that are grounded in facts generated by one or
more of the forensic sciences discussed in this book.

The Sutherland Case Facts

At 9 a.m. on July 2, 1987, an oil field worker discovered the nude body of
10-year-old Amy Schultz of Kell, Illinois. The body was found lying on its
stomach covered with dirt approximately 100 feet from an oil lease access
road in rural Jefferson County. There were shoeprints on her back and several
hairs were found stuck in her rectal area. In addition, a large open wound
on the right side of Amy’s neck exposed her spinal cord area. A pool of blood
around Amy’s head indicated that the murderer had killed her where she lay.67

Amy Schultz’s shirt, shorts, underpants, shoes, and socks were found
scattered along the oil lease road. Seventeen feet from the body, automobile
tire impressions were found, and near the tire impressions, a shoeprint
impression similar in design to that on the body was found. The police took
casts of the tire and shoeprint impressions.

Dr. Steven Neurenberger performed an autopsy on July 3, 1987, wherein
he observed a 14.5 centimeter wound, running from the middle of Amy’s
throat to behind her right ear lobe, which cut through the neck muscles,
severing the carotid artery and jugular vein, and cutting into the cartilage
between the neck and vertebrae. Amy’s right eye was hemorrhaged and there
was a small abrasion near her left eyebrow; her ear was torn off the skin at
the base of the ear and both her lips were lacerated from being compressed
against the underlying teeth; there were also linear abrasions to the outer lips
of the vagina which demonstrated that force had been applied to the back,
forcing the vagina against the ground.
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His search for internal injuries found three hemorrhages inside the skull,
a fractured rib, a torn liver and tearing of the rectal mucosa. Amy’s vocal
cords were hemorrhaged and her esophagus was bruised. Dr. Neurenberger
deduced from these injuries that the killer had strangled Amy to unconscious-
ness or death, anally penetrated her, slit her throat, and stepped on her body
to force exsanguination. Dr. Neurenberger placed the time of death between
9:30 and 11 p.m. on July 1, 1987, based on the contents of her stomach.68

The Prosecution’s Forensic Evidence: The Tire Tracks

Several months after the discovery of Amy’s body, the police at Glacier
National Park in Montana, notified Illinois authorities about Sutherland’s
abandoned car, a 1977 Plymouth Fury. At the time of the murder, Sutherland
had been living in Dix, Illinois, in Jefferson County, on the county line
between Dix and Kell. Illinois police authorities ascertained that defendant’s
car had a Cooper “Falls Persuader” tire on the right front wheel. Deputies
and David Brundage, a criminalist, then traveled to Montana where they
made an ink impression of the right front wheel of Sutherland’s car. Illinois
State Police Forensic Scientist David Brundage evaluated the plaster casts of
the tire print impressions made at the scene of the crime and testified that
the tire impressions left at the scene were consistent in all class characteristics
with only two models of tires manufactured in North America, the Cooper
“Falls Persuader,” and the Cooper “Dean Polaris.”69 After comparing the
plaster casts of the tire impression at the scene with the inked impression of
the tire from Sutherland’s car, Brundage concluded that the tire impression
at the scene corresponded with Sutherland’s tire and could have been made
by that tire. Brundage, however, was unable to exclude all other tires as having
made the impressions due to the lack of comparative individual characteris-
tics, such as nicks, cuts, or gouges.70

Mark Thomas, the manager of mold operations at the Cooper Tire Com-
pany, determined “mal” wear similarity, and hence Sutherland’s tire could
have made the impression found at the crime scene. Thomas also compared
blueprints of Cooper tires with the plaster casts of the tire impressions and
determined that the “probability” was “pretty great” that a size P2175/B15
tire — the same size as Sutherland’s Falls Persuader tire — had made the
impression preserved in the casts. He admitted that there were a great number
of such tires on the roads of America.71

The Prosecution’s Forensic Evidence: The Hair Evidence

Criminalist Kenneth Knight compared the two pubic hairs recovered from
Amy Schulz’s rectal area with Sutherland’s pubic hair. He also made com-
parisons with pubic hairs from members of Amy’s family as well as pubic
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hairs from 24 prior offenders, concluding that the pubic hairs found on Amy
did not originate from her family or the 24 suspects, but “could have origi-
nated” from Sutherland.

Knight also examined 34 dog hairs found on Amy’s clothing and con-
cluded that the dog hairs were consistent with and could have originated
from Sutherland’s black Labrador, Babe. Knight also testified that the dog
hairs on Amy’s clothes were dissimilar from her family’s three dogs, her
grandparents’ dog, and dogs of three neighbor families. Tina Sutherland,
Sutherland’s sister-in-law, testified that Sutherland usually carried Babe in
his car, making it virtually impossible to be in the car without getting covered
with dog hair. Multiple dog hairs found in Sutherland’s car were found to
be consistent with the hairs from Babe.72

The Prosecution’s Forensic Evidence: The Fiber Evidence

Knight also examined Amy’s clothing for foreign fibers, finding a total of 29
gold fibers in her socks, shoes, underwear, shorts, and shirt. Knight testified
that all but one of the gold fibers found on Amy’s clothes “could have orig-
inated” from defendant’s auto carpet, but could not exclude all other auto
carpets as possible sources. He also testified that the one remaining gold fiber
found on Amy’s clothes could have originated from defendant’s car upholstery. 

Knight also examined and compared 12 cotton fibers and 4 polyester
fibers found on the front passenger-side floor of Sutherland’s automobile
with cotton and polyester fibers from Amy’s shirt, concluding that the fibers
from the car displayed the same size, shape, and color of the fibers from the
shirt and thus could have originated from the shirt. He also compared three
polyester fibers found on the front passenger seat and floor with fibers from
Amy’s shorts and found them consistent in diameter, color, shape, and optical
properties and opined that the fibers from the car could have originated from
the shorts.73

The forensic defense expert Richard Bibbing, agreed with the state’s
experts’ conclusions on all the comparison evidence, except as to the cotton
fibers found in defendant’s car. He did not agree that the cotton fibers were
consistent, due to what he determined were differences in size and color.74 

Prior to an examination of the Illinois Supreme Court’s analyses in the
two decisions in the Sutherland case, we will raise a series of questions to
consider on the relationship of forensic evidence and justice. These questions
are a summary of concerns that are continually raised in basic forensic-
evidence-influenced criminal trials.

What facts or assumptions or surmises may be obtained from the exam-
ination of one or more hairs or fibers gathered at a crime scene? What could
serve as the basis for any such assumptions or projections, or simply guesses?
What value should be assigned to any such factual estimation in our criminal
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justice system where life and liberty and justice to a victim are all in play?
What does it mean to say that one or more hairs or fibers or tire tracks are
or are not consistent or not dissimilar or substantially similar with another?
What would be the basis for any such statements and what value should be
allocated to them if one set of exemplars was taken from a crime scene and
the others from a suspected perpetrator? 

What does in mean in terms of long held requirements that the elements
of a crime must be proven beyond a reasonable doubt? How does forensically
generated circumstantial fact fit in prosecutorial efforts designed to meet
such a high bar of proof in a case partially supported by hair or fiber evidence?
How much does hair, fiber or tire tread evidence depend for its force upon
other more traditional observation by eyewitnesses?

How much of all of this in the area of hair or fiber analysis and compar-
ison testimony has to do with scientific theory or recognized scientific meth-
odology? What science, if any, has been traditionally associated with hair,
fiber or tire tread analyses and how has that changed as we entered the
21st century? Is hair, fiber or tire-tread comparison scientific with respect to
the theoretical underpinnings of those who are devoted to its functioning in
a criminal investigation and trial, or because of its use of microscopy, business,
or other processes that aid its essentially observational nature? 

Should it make any difference if they are simply a combination of experi-
ence and modern microscopy? What else, from a forensic scientist’s stand-
point, is there to say about hair, fiber, or tire tread analyses and the factual
assumptions that follow? Is there more there to give hair, fiber, or tire-tread
analysis as great or greater claim to belief than fingerprint, impression, bal-
listics, tool marks, or DNA?

In the “trace areas” of hair, fiber, soil, paint, and glass, the predictive
capabilities will vary widely, with something less or much less than individual
identification of a sample exemplar with crime scene data. So, for each
separate discipline discussed the courts need to ask what this science can say
and what it cannot say. What are the basic methodologies used in this field
in its practitioner’s efforts to bring forth “identifying” evidence? How many
accepted modes are there to compare hair, fiber, tire casts, soil samples, DNA,
bullets and shell casings, etc.? How have the courts responded to these various
techniques and their exclusionary or inclusionary claims? It is also very
important to note the definitive exclusionary capability of these “trace” sci-
ences. The trick here is trying to figure out how strong is the inclusion.

The Court’s Analysis: The Hairs and Fibers

Defendant argued that the prosecution’s circumstantial hair, fiber, and tire-
print comparison evidence was insufficient to prove guilt beyond a reasonable
doubt, contending that the probative value of the state’s forensic evidence
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lay merely in establishing that defendant could not be excluded as the possible
offender, not that he must be found by a jury to actually be the offender.75 

The court ruled that the evidence here, when viewed in the light most
favorable to the prosecution, established that defendant was proved guilty
beyond a reasonable doubt. The overwhelming and overlapping nature of
the circumstantial evidence supported the jury finding that defendant kid-
napped, sexually assaulted, and murdered 10-year-old Amy Schulz.76

The court also rejected defendant’s claim that the prosecutor had over-
stepped the bounds in arguing that the forensic testimony here had established
a series of fiber “matches” when the actual testimony was couched in terms
of consistency. The state argued in its closing that: 

…In every single case the fibers found on Amy’s socks, shoes, and under-
pants, and shorts, and shirt were consistent with the fibers from the defendant’s
car carpeting and dissimilar to all the carpets in her home environment, and in
her grandparents’ house and the vehicles that they drove, and in the business
where her father works, so there can be no doubt that she got them from there.
They came from one place. Those fibers on her clothing came from the defen-
dant’s car.

……The red shorts are a very big part of this case … Mr. Bibbing (defense
expert witness) didn’t examine the shorts at all, and we know from Ken Knight’s
testimony that fibers from the shorts were found in the passenger side of the car.

* * *
…This evidence doesn’t stand alone. It can be considered together with the

carpet fibers on Amy’s clothing, the seat-fabric fiber on her shirt, the dog hair
all over her clothes, the foam rubber on her clothing, the defendant’s tire impres-
sions being the — same as that found near Amy, and the clothing fibers from
Amy’s shirt and shorts, which were deposited in the front passenger-side area of
the car.

* * *
You know, with regard to the evidence in the car that Amy was in there,

you know what’s uncontradicted in this case? The evidence that the red polyester
fibers from her shorts were found in the passenger-side area of the defendant’s
car. That is fibers just like them, uncontradicted because the defense expert didn’t
look at them.77

Defendant argued that these alleged misstatements constituted reversible
error, citing the important case of People v. Linscott,78 decided in 1991. In
Linscott, the state’s evidence established that hairs found in the victim’s
apartment were consistent with the defendant’s hairs. As in this case, the
State’s expert could not conclusively identify the hairs as originating from
the defendant. Despite the expert witness’s testimony to such effect, the
prosecutor argued to the jury that “the rug in the area where Karen was laying
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(sic) was ripped out sometime later, rolled up, and shipped to the laboratory.
And that another group of hairs was obtained. The head hairs of Steven
Linscott.”

The Linscott court found such overreaching to be reversible error.

The Sutherland Case: The Court’s Analyses

In the Sutherland case the court was also of the opinion that the prosecutor’s
overstatement of the fiber-comparison evidence was improper. Prosecutorial
misconduct in closing argument, the court ruled, warranted reversal and a
new trial, however, only if the improper remarks resulted in substantial prej-
udice to the defendant. In other words, the comments must have constituted
a material factor in the conviction, circumstances absent in Sutherland’s case:

We do not find that the remarks in this case substantially prejudiced the
defendant. Unlike Linscott … the evidence in this case was not closely balanced.
The State presented an overwhelming volume of circumstantial evidence: the
tire print found by the crime scene was consistent with defendant’s car’s tire;
the dog hair on the victim’s clothing was consistent in all respects to the
defendant’s dog’s hair and the dog hair found in his car; the foreign fibers
found on the victim’s clothing were consistent with the carpeting and uphol-
stery in defendant’s car; the clothing fibers found in the defendant’s car were
consistent with the fibers in the victim’s clothing; finally, the pubic hair found
on the victim were consistent with the pubic hair standards obtained from
the defendant. Given the amount of evidence, it is implausible to think that
the prosecutor’s remarks could have been a material factor in the conviction.
In this case, the jury would not have reached a different result, even if the
prosecutor had not made the remarks. (citations omitted) Accordingly,
defendant was not denied a fair trial and we will not disturb the conviction.79

Sutherland II Case

Seven years later, in 2001, the Illinois Supreme Court reversed Sutherland’s
conviction and granted him a new trial,80 not on the basis of any perceived
weaknesses in the specifics of the forensic case, but on the basis of the
incompetence of his counsel at trial. Defendant, after his conviction, filed a
post-conviction petition in the circuit court raising a variety of claims. The
court dismissed most of the claims in the petition, but granted an evidentiary
hearing on the following allegations: (1) that defendant’s trial counsel was
ineffective in failing to discover and present evidence that defendant’s pur-
chase of “Texas Steer” boots81 and installation of the Cooper “Falls Persuader”
tire on his car both occurred after the date of the crime; (2) that the conviction
of Amy’s step-grandfather for sexual abuse subsequent to her death consti-
tuted evidence of defendant’s actual innocence.
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A mental health counselor and sex-offender treatment provider then
testified that, based on her research, pedophiles attracted to prepubescent
females show a 22% crossover in also molesting males, and those attracted
to males show a 62% crossover in also molesting females. She testified that
she had reviewed William Willis’ medical and psychological evaluations and
had spoken with him briefly. In her opinion, there was a high probability
that Willis would cross over from sexually abusing young boys to abusing
young girls. She also testified that Willis was prone to outbursts of anger and
that when a victim resisted, he used more violent physical force, escalating
from fondling to anal rape.82

Ronald Lawrence, a friend of defendant, testified that he had changed all
of the tires on defendant’s car two separate times after Amy Schultz’s death
and before defendant left for Montana. Lawrence explained that he and
defendant had to change tires frequently because the rock road leading to
Lawrence’s house contained metal particles and railroad spikes. Lawrence
testified that he told police and the public defender after defendant’s arrest
that he had changed the tires on defendant’s car after the date of Amy Schultz’s
murder.83

This additional evidence, insufficiently addressed by Sutherland’s original
counsel, was found to be of great importance by the Illinois Supreme Court:

Testimony presented at the post-conviction hearing indicated that, prior
to defendant’s trial, defense counsel was aware of evidence that defendant
did not own a pair of Texas Steer boots at the time of Amy Schultz’s murder.
Specifically, trial counsel testified at the evidentiary hearing that defendant
informed him prior to trial that defendant had purchased his Texas Steer
boots two months after the crime occurred. Counsel also testified that he
was aware that defendant’s mother had the boots in her possession at the
time of trial, but that he did not request to examine them. Additionally,
defendant’s mother testified that at the time of the murder, defendant typi-
cally wore a different kind of boots.84

The testimony at the post-conviction hearing also indicated that defen-
dant’s trial counsel was aware prior to trial of evidence that defendant claimed
that he had changed the tires on his car after the time of Amy Schultz’s death
but before defendant drove to Montana. Specifically, there was substantial
testimony presented at the hearing that counsel learned of this information
from three different sources: defendant, defendant’s mother, and a friend of
defendant’s, one Ronald Lawrence. Counsel himself acknowledged at the
hearing that he was aware of such evidence, but failed to investigate it or
present it at trial.

The court found this combination of mishaps adequate to reverse defen-
dant’s conviction on grounds of incompetence of counsel:
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We hold that trial counsel was ineffective in failing to investigate and
present evidence concerning the boots and tire. Because the state’s evidence
at trial consisted primarily of a variety of items introduced to associate defen-
dant with the crime scene, an attack on the suggested links between defendant
and the boots and tire could have played a prominent role in the defense:

Trial counsel testified at the evidentiary hearing that his main trial strat-
egy was to discredit the expert testimony purportedly tying defendant to the
crime. In light of this strategy, it was incumbent on counsel to use available
means of casting doubt on the physical evidence which the state relied upon.
Although counsel sought to convince the jury that the hair and fiber evidence
introduced by the state was not conclusive proof of defendant’s guilt, he failed
to present the jury with evidence discrediting two of the most salient and
significant items in the state’s case. Counsel’s performance thus fell below a
reasonable level of assistance.

We also find that counsel’s ineffective performance caused substantial
prejudice to defendant. Although the state presented numerous items of
evidence associating defendant with the crime, none of them was singularly
compelling. If counsel had succeeded in raising questions as to whether the
boots and tires owned by defendant played any role in the crime committed
against Amy Schultz, there is a reasonable probability that the jury also would
have doubted at least some of the other physical evidence which the State
attempted to link to the crime, and hence quite possibly may have acquitted
defendant.85

The shifting nature of inferences during the trial process is exemplified
by the Sutherland case. The seemingly solid forensic case was reversed by a
second look at the available evidence without questioning the findings of the
forensic experts who testified at trial. The possibility of inferences establishing
innocence may always trump seemingly irrefutable forensic evidence. The
two Sutherland cases, with a third yet to be tried, illustrate the tremendous
impact but lack of absolute certainty in the area of forensically generated
circumstantial evidence. 

The new trial, taking place in the summer of 2004, focused on the same
forensic evidence as in the first trial, but added some significant new forensic
offerings, resulting in Sutherland’s reconviction. Former FBI Agent William
Bodziak, the nation’s premier shoeprint expert, testified that the boot mark
found on the child victim’s back was close to the size of defendant’s same
brand boot. Mt DNA Analyst Terry Melton opined that the pubic hair found
in the child’s anus was left by the defendant or someone in his matrileneal
line. Finally, Dr. Joy Halverson linked the numerous dog hairs found on the
victim to defendant’s black Labrador Babe. Sutherland again received the
death penalty. 
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Sutherland Conclusion

The Sutherland case study is an example of all of the points discussed in this
chapter, which has attempted to provide an overview of the subject of forensic
evidence. A great deal remains to be said about the court’s response to forensic
testimony admitted in a host of discrete areas, such as blood spatter analysis,
DNA, forensic anthropology, odontology, entomology and fingerprint anal-
ysis. The new century will bring rapid and amazing new developments in
this vital area of criminal law and science. It is more important than ever
before for lawyers and courts to increase efforts to both understand and
responsibly use the awesome potential of the world of forensic science in our
criminal justice system. It is not the absolute truth of the theory being utilized
that is the essential goal of the use of forensic science in the trial of crimes,
but rather the basic rightness and common sense 

APPENDIX: Daubert Progeny

The most recent Frye-Daubert cases address the appropriateness of forensic-
science expert opinion in criminal cases. Because the majority of the forensic
sciences have garnered court approval, it is not surprising that the most
interesting recent cases have come from what is referred to as the soft sciences,
in particular, psychiatry and psychology.86 A representative sampling of that
category of cases is demonstrated by the following brief listing. 

State v. Swinton, 268 Conn.781, 847 A. 2d 921 (2004) (Enhanced photographs
and computer-generated overlays of bite marks.) Enhanced photographs and
computer-generated overlays of bite marks in murder case were demonstra-
tive evidence rather than merely illustrative evidence and thus could not be
admitted based on trial court opinion that they would assist the jury in
understanding expert testimony, but rather required proper foundation.

Goddard v. State, 144 S.W.3d 848 (Missouri, 2004) (Use of actuarial instru-
ment theory as predictor of sexual violence recidivism.) Testimony of a
physician regarding risk prediction of sexually deviant behavior that was
based on results of actuarial instruments was admissible expert testimony in
commitment case under Sexually Violent Predator Act. Testimony and exhibits
demonstrated wide use of the actuarial instruments in the relevant scientific
community and their general acceptance. This was supported by two text-
books demonstrating the scientific validity of actuarial instruments, as well
as testimony that actuarial instruments were subject of peer review and
publication, and there was an additional showing to demonstrate the scien-
tific validity of the instruments via a peer-reviewed research article. See also,
Roeling v. State, 880 So. 2d 1234 (Fl 2004) to the same effect.
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People v. Smith, 2 Misc.3d 1007(A), 784 N.Y.S.2d 923(2004): (Eyewitness
Testimony Expertise.) Defendant made a motion to be permitted to present
testimony at trial of an expert in eyewitness identification.

Defendant initially advised that such expert would testify in various areas:
(1) the effect of weapon focus on identification; (2) effect of stress on iden-
tification; (3) the suggestiveness of photo array and lineup; (4) the occurrence
of post-trauma amnesia in victims; (5) relation back of subsequent identifi-
cation to the initial identification; (6) lack of correlation between confidence
and accuracy in eyewitness identification; (7) the effect of post event infor-
mation on identification; (8) effect of exposure duration on identification;
(9) effect of color perception on identification; (10) double-blind lineups;
(11) cross-racial identifications; and (12) psychological factors affecting per-
ception and memory. After hearing arguments from the parties, this court
denied the motion as to many of the proffered areas of expertise and ordered
a Frye hearing as to the remaining six: weapon focus, stress, post-event
information, unconscious transference, confidence and accuracy noncorre-
lation, and confidence malleability.

Excluding the proffered areas of expert testimony does not preclude the
defense from using all of the issues raised in cross-examination. Indeed, they
may have expert assistance in that endeavor. That is a different proposition,
however, from altering the time-honored method by which juries assess the
validity and strength of eyewitness testimony, their own life experience and
cognitive powers. The court of appeals has ruled that expert testimony in
these area may be appropriate. Indeed, although not before this court, the
area of cross racial identification may indeed be ripe for expert testimony.
But that is not before this court today. The issues before the court are not
yet appropriate areas for expert testimony.

State v. Medrano, 127 S.W. 3d 781 (Texas 2004): (Admission of hypnotically
induced testimony.)

The factors previously adopted for the admission of hypnotically induced
testimony adopted in were the level of training in the clinical uses and forensic
applications of hypnosis by the person performing the hypnosis; the hypno-
tist’s independence from law enforcement investigators, prosecution, and
defense; the existence of a record of any information given or known by the
hypnotist concerning the case prior to the hypnosis session; the existence of
a written or recorded account of the facts as the hypnosis subject remembers
them prior to undergoing hypnosis; the creation of recordings of all contacts
between the hypnotist and the subject; the presence of persons other than the
hypnotist and the subject during any phase of the hypnosis session, as well
as the location of the session; the appropriateness of the induction and mem-
ory retrieval techniques used; the appropriateness of using hypnosis for the
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kind of memory loss involved; and the existence of any evidence to corrobo-
rate the hypnotically-enhanced testimony. 

The court ruled that this standard provided the Texas trial courts with
an appropriate framework to protect against the four-prong dangers of hyp-
nosis. These four dangers, hypersuggestibility, loss of critical judgment,
confabulation, and memory cementing, are dangers that directly undercut
the reliability of a witness’ hypnotically enhanced testimony. To adopt a
broader standard that was created without hypnotically enhanced testimony
in mind in place of a narrowly defined standard specifically designed to
ensure the reliability of hypnotically enhanced testimony would be impru-
dent. The decision of the court of appeals was affirmed

State v. Torregano. 875 So. 2d 842 (La. 2004): (Expertise on area of victim
delayed disclosure in prosecution for sexual battery.)

Trial court did not abuse its discretion in finding medical doctor was
competent to testify as expert on area of delayed disclosure in prosecution
for sexual battery of a juvenile; witness was employed as director of pediatric
forensic medicine for children at risk evaluation center, witness had attended
several continuing medical training conferences at the national, state, and
local level that pertained to the evaluation of children who are suspected of
being abused and/or neglected, witness had written papers in such areas that
had been published, and witness testified that he was very familiar with the
phenomenon of delayed disclosure in child sexual abuse cases. The validity
of the phenomenon of delayed disclosure in child sexual abuse cases was not
raised in the trial court.

Dotson v. State, 2004 WL 1103596 (Texas App. 2004): (Expertise regarding
delayed outcries by sexual assault victims.)

Social worker was qualified to testify as an expert regarding delayed
outcries by sexual assault victims, in prosecution for aggravated sexual assault
of a child under the age of 14; she was qualified by her experience and her
education, and her testimony regarding delayed outcries was specialized
knowledge that was helpful to jury in understanding delay by victim in
reporting sexual abuse. In a Daubert hearing, the witness established that
she was the clinical director at the Dallas Children’s Advocacy Center, that she
had treated about 800 children, that she was experienced in the relevant field,
that she had read many studies with respect to child abuse, and that she was
a licensed social worker and clinical practitioner. Based upon the literature
and her experience, the witness asserted that delayed outcries by child victims
of sexual abuse were common. The trial court overruled appellant’s Daubert
objection and allowed Alexander to testify before the jury. During direct
examination by the prosecutor, Alexander testified about her qualifications
and about the phenomenon of delayed outcry in general. Affirmed.
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People v. Albertson, 2004 WL 1842552 (Ca 2004) (Parafilia testimony in sexual
violence recidivism commitment hearings.)

State expert testimony that appellant met all the SVP criteria and suffered
from paraphilia not otherwise specified (NOS), substance abuse, and anti-
social personality disorder was scientifically acceptable. The doctor stated
that most rapists do not suffer from a mental disorder within the meaning
of the SVP Act. The distinguishing factor for an SVP is that the offender is
predisposed to commit sexually violent acts and, because of a mental dis-
order, lacks the emotional or volitional capacity to resist the urge to engage
in sexually violent predatory behavior. With respect to the likelihood of
reoffending, the witness considered appellant’s criminal and clinical history,
literature on criminal recidivism, and a Static 99 test that calculated the risk
of reoffending. Although appellant’s age (47) indicated a low risk of reoffend-
ing, there were other high-risk factors, such as appellant’s long term mental
disorder, failure to acknowledge the mental disorder or seek treatment,
appellant’s substance and alcohol abuse, and appellant’s social history that
included sexually violent offenses, 14 to 20 burglaries, the use of drugs and
alcohol, an undesirable discharge from the Army for going AWOL, and two
reprimands in prison for fighting. The witness opined that appellant was
likely to reoffend if released. The judgment (SVP commitment) was affirmed.

State v. Demeniuk, 888 So.2d 655 (Florida App. 2004) (Modern antidepres-
sants known as selective serotonin reuptake inhibitors [SSRIs] as basis of an
insanity defense.)

The defendant noted that she intended to rely on the defense of insanity.
The court concluded that the trial court erred in making a determination
that the antidepressant testimony proposed by the defendant was exempt
from Frye testing as pure opinion. Accordingly, the court granted the state’s
petition, with instructions to conduct a full Frye hearing, at which both the
defendant and the state are permitted to present evidence and to cross-
examine on all issues associated with the introduction of new and novel
scientific evidence.

State v. Vandermark, 2004 WL 2746157 (Del 2004) (Shaken Baby Syndrome.)
Dr. Christian, the expert, was a pediatrician, professor, lecturer, and

author. She is a director of a child abuse program and had given expert
testimony in trials involving child abuse. From her background, training, and
experience, she was thus well qualified to speak about child physical abuse,
shaken baby impact syndrome, and inflicted head trauma. Among her
achievements, she had played significant organizing roles in scientific meetings
regarding child abuse questions relevant to this case. She has authored text-
book materials on the subject and written over eighty papers. Twenty
involved research in this area, and her publications have been peer reviewed.



32 Forensic Evidence: Science and the Criminal Law, Second Edition

One of her articles, which she coauthored, was titled “Non-Accidental Head
Injury in Infants — The Shaken-Baby Syndrome.” It appeared in the New
England Journal of Medicine in the June 18, 1998 issue. According to
Dr. Christian, it was generally accepted in the scientific community in the
field of pediatrics that shaking, blunt force, or a combination injure children.
A classic constellation of findings includes subdural and retinal hemorrhages.
Children manifesting these injuries were virtually all under 3 years of age.
The appearance of retinal hemorrhage suggests a diagnosis of Shaken Baby
Impact Syndrome or Inflicted Head Trauma together with a history of a
child’s prior good health, bleeding in the brain, and trauma to other parts
of the body.

State v. Armstrong, 2004 WL 2376467 (Ohio, 2004) (Dog Tracking Handler’s
Testimony.)

The foundational prerequisites which are required before a dog-handler’s
testimony will be admitted, act as a sufficient gatekeeper to exclude unreliable
dog-tracking evidence. Before evidence of dog trailing may be admitted, the
training and reliability of the dog, the qualifications of the person handling
the dog, and the circumstances surrounding the trailing by the dog must
be shown. If the foregoing foundational requirements are demonstrated by
the dog-handler, the dog-tracking evidence may be properly admitted. Here,
the handler gave a substantial amount of testimony regarding his qualifica-
tions as a dog-handler, and the training and reliability of the tracking dog
Skyler, described the circumstances surrounding Skyler’s track, and testified
that he checked for contamination of the crime scene and initiated Skyler’s
search near the back passenger seat and rear of the subject vehicle. 

This summary review of several recent Frye-Daubert decisions demon-
strates both the wide range of current Frye-Daubert challenges and the pos-
ture of general acceptability of most state-sponsored offers of expertise in
criminal cases. For an excellent recent overview of the issues raised as a result
of federal regulatory agency encounters with Daubert issues, see, D. Hiep
Truong, Daubert and Judicial Review: How Does an Administrative Agency
Distinguish Valid Science from Junk Science?, 33 Akron L. Rev. 365 (2000).
As noted by the author:

In regulating the nation’s health, regulatory agencies must often make
risk assessments based on scientific paradigms that are incomplete at best
and questionable at worst. Substantive review of agency decision making is
the only assurance that agencies are basing their decisions on valid and
legitimate scientific evidence. The rebuttal to this argument is that although
regulatory agencies make educated predictions based on the best available
scientific resources and evidence, these predictions are naturally going to be
incomplete as agencies are given general grants of authority to fulfill their
broad statutory mandates.
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…The agencies’ mandate to assess risk has greatly expanded the available
sources of evidence from which administrators could base their decision
making and with which they could characterize as dangerous, or presenting
a level of risk that is unacceptable. These sources of evidence, however, may
either be from scientific or nonscientific sources. Ibid. at 365-366.

Also see, Cass R. Sunstein, Health-Health Tradeoffs, 63 U.Chi.L.Rev. 1533
(1996); Cass R. Sunstein, On the Costs and Benefits of Aggressive Judicial
Review of Agency Action, 1989, Duke L.J. 522; Peter H. Schuck & E. Donald
Elliott, To the Chevron Station: An Empirical Study of Federal Administrative
Law, 1990, Duke L.J. 984; Richard J. Pierce, Jr., Two Problems in Adminis-
trative Law: Political Polarity on the District of Columbia Circuit and Judicial
Deterrence of Agency Rulemaking, 1988, Duke L.J. 300; Peter L. Strauss,
Considering Political Alternatives to “Hard Look” Review, 1989, Duke L.J.
538. Also see, R. Melnick, Regulation And The Courts: The Case Of The
Clean Air Act (1983); M. Shapiro, Who Guards The Guardians? Judicial
Control Of Administration (1988); Andrew Trask, Daubert and the EPA: An
Evidentiary Approach to Reviewing Agency Determinations of Risk, 1997,
U.Chi.Legal.F. 569. [Cited in Trong, at n.13].

The idea of soft science is meant to communicate the absence of forensic
laboratory-based observational disciplines or those forensic sciences
grounded in medicine, anatomy, or chemistry.
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2Science, Forensic 
Science, and Evidence

We have three that bend themselves, looking into the experiments
of their fellows, and cast about how to draw out of them things of
use and practice for man’s life and knowledge, as well for works as
for plain demonstration of causes, means of natural divinations,
and the easy and clear discovery of the virtues and parts of bodies.
These we call dowry-men or benefactors.

Then after divers meetings and consults of our whole number, to
consider of the former labors and collections, we have three that
take care out of them to direct new experiments, of a higher light,
more penetrating into nature than the former. These we call lamps.

We have three others that do execute the experiments so directed,
and report them. These we call inoculators.

Lastly, we have three that raise the former discoveries by experi-
ments into greater observations, axioms, and aphorisms. These
we call interpreters of nature.

Francis Bacon, The New Atlantis (1627)

I. Introduction

Shakespeare’s Sir John Falstaff ’s impassioned narrative in Henry IV, Part I,
of the circumstances of his skirmish with a group of vicious highwaymen,
actually the very friends to whom he was relating the tale, has been declaimed
for almost 500 years:
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I am a rogue if I were not at half sword with a dozen of them two
hours together. I have scaped by miracle. I am eight times thrust
through the doublet, four through the hose, my buckler cut —
through and through, my sword hacked like a handsaw — ecce
signum! (Behold the proof!)1

Falstaff ’s spirited request to Prince Hal and companions to simply behold
the proof, as observationally convincing as it might have been, fell on deaf
ears in Mistress Quickly’s Inn. Alas, the inferences were there, but the truth
was known to be otherwise. Police, lawyers, and judges unfortunately do not
have the benefit of knowledge of truth like Shakespeare’s boon companions
having a great time at Falstaff ’s expense. Appearances are often all they have.
Often those appearances are only there as a result of hard-won advances in
the theoretical bases and laboratory tools of modern forensic science.2

This book presents the general framework of the ongoing use of forensic
science to produce forensic evidence in the criminal justice system. Forensic
evidence, simply stated, is a body of factual material generated by the appli-
cation of a wide variety of the forensic sciences, to serve as evidence in
criminal prosecutions. Due to the scientific and specialized processes used to
generate any such testimony by forensic experts, each of the forensic sciences
must continue to justify the basis for any forensically grounded linkage
testimony proffered in a case.3 The areas of forensic science addressed here
at length — hair, fiber, ballistics and toolmarks, soil, glass and paint, footwear
and tire impressions, fingerprints, blood spatter, DNA, and forensic anthro-
pology and entomology — are staple fare of appellate tribunals in state and
federal courts. It must be stressed at the outset, however, that the vast majority
of the forensic sciences referenced daily in American courts are routinely
accepted as reliable bases for an expert’s opinion in a particular case, without
any effort by defense counsel to challenge them. For that reason, and because
of their central importance in the daily work of the criminal justice system,
the numerous cases addressing various aspects of the introduction of forensic
evidence are the meat of this book. The examination of the pattern of use of
these scientific and observational tools to produce forensic evidence in mod-
ern trials is most important for prosecutors, defense lawyers, and judges. This
book provides these patterns for each of the major forensic sciences through
discussions of recent cases, supplemented by detailed references to current
books, articles, and Web sites. 

The goal of this present volume, as of its predecessor, is to provide a
comprehensive, concise, single volume, setting out the general lines of the
judicial perspective on the use of forensic science in American courts. The
number of appellate decisions, not to mention statutory measures addressing
the forensic sciences analyzed here, are representative of an equal or greater
volume of new decisions that will need to be found, analyzed, and classified.
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It is the purpose of this second edition to address and integrate the most
important of these new materials generated since the original publication of
the book in 2001. 

The increasing interest in forensic science and forensic evidence has
resulted in an explosion of cases, articles, books, and Internet sites. Prosecu-
tors justifiably complain about the Crime Scene Investigation (CSI) Effect,
arguably causing jurors to have increasingly high and often unrealizable
expectations of the scientific efforts to be presented in contemporary criminal
trials.4 This current second edition attempts to fill the gaps created by the
increased issuance of new materials for another several years.

The author recognizes that an equal amount of attention could be given
to vast areas of highly specialized areas of forensic science, such as forensic
pathology, forensic toxicology, or forensic odontology. There is also room
for lengthy studies of the development of laser technology, image digitalization
processes, voice analysis technology, handwriting and computer-generated
document analysis, and a host of subjects that will be the main concern of
the future. Entire areas, often referred to as the soft sciences, have also been
omitted. Many of these essential disciplines, such as forensic psychiatry,
forensic psychology, serial-killer profiling techniques, witness-credibility
assessment expertise, coerced confessions expertise, and a number of other
mind-science disciplines, merit extended attention.5 

In November of 2004, at Lyon, France, Interpol sponsored the 14th Inter-
national Forensic Science Symposium [IFSS].6 Interpol brings together exec-
utives and senior scientists from crime laboratories and forensic services
throughout the world, to evaluate on a regular basis progress made within
the past three-year period. The various forensic science areas in the 2004
symposium were grouped into seven major areas: 

• Scenes of Crime Evidence (that included tool marks and impressions,
firearms, fibers, paint and glass, and forensic geology) 

• Individual Identification Evidence (biological evidence, mainly DNA)
• Questioned Documents (handwriting)
• Forensic Acoustics and Imaging
• Chemical and Material Analysis Evidence (drugs, toxicology, fire cause,

and fire
• Debris Analysis, Explosives, and Environmental Crime
• Media Evidence with Image Analysis, Questioned Documents (other

than handwriting), and Digital Evidence 

The Interpol Web site’s continuing focus on the establishment of inter-
national standards for forensics and their close tracking of the world’s forensic
science literature, justifies frequent perusal by lawyers involved in the crim-
inal justice system.7 The observations of the 2004 Interpol 14th Annual
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Forensic Science Symposium will be referenced for each of the discreet foren-
sic science areas visited in this new second edition.

The importance of forensic science to criminal law lies in its potential to
supply vital information about how a crime was committed and who com-
mitted it. The information may survive the screening function of the rules
of Evidence and be accepted as evidence of a material fact in the ensuing
trial. Evidence is simply court-approved information that the trier of fact,
typically a jury, is allowed to consider when determining a defendant’s guilt or
innocence. The admissibility or inadmissibility of trial information, whether
eyewitness testimony, photographs, physical objects, or scientifically-generated
information, such as DNA, is determined by the trial court’s application of
the rules of Evidence. This set of evidentiary rules are basically exclusionary
in nature, that is, they filter out information presented by either side that
may be irrelevant to the factual and legal issues at hand, or that violate long-
standing prohibitions such as those against the admissibility of hearsay or
substantially prejudicial information.

II. Forensic Science and Evidence

The system of rules that constitutes the law of Evidence controlling the flow
of information in civil and criminal litigation is exclusionary, that is, it is the
basis for keeping evidence away from jury scrutiny if its potential for the
truth is jeopardized by either the nature or source of the information being
offered or its probative value would be substantially outweighed by prejudice,
confusion of the issues, or characterization as the needless presentation of
cumulative evidence.8

The basic circumstantial evidence inference-based argument used in
modern trials, whether aimed toward proving a scientific result or a more
routine establishment of an important fact, has served the law as the primary
method for proof of a past event, such as the commission of a crime and
identification of a perpetrator. All trials are attempts to establish a version
of history that relates to a past event, such as a sexual assault, robbery,
burglary, or homicide. The state has its version of what happened and the
defendant has another. The trial is an effort to convince a jury of the cor-
rectness of one or the other versions of the past event at issue, the facts leading
up to it, and the identity of important participants.

As noted by the famous American historian Carl Becker:

Let us admit that there are two histories: the actual series of events
that once occurred, and the ideal series that we affirm and hold
in memory. The first is absolute and unchanged — it was what it
was whatever we do or say about it; the second is relative, always
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changing in response to the increase or refinement of knowledge.
The two series correspond more or less; it is our aim to make the
correspondence as exact as possible; but the actual series of events
exists for us only in terms of the ideal series we affirm and hold
in memory. This is why I am forced to identify history with knowl-
edge of history. For all practical purposes history is, for us and for
the time being, what we know it to be.9

Becker’s observation can apply to any factual search in litigation, includ-
ing efforts to establish scientific facts that will determine the central issues
in environmental, products liability, medical malpractice, and criminal cases. 

The ultimate goal of litigation is not to find absolute truth. Any system
that allows a jury to reach a verdict of guilty or not guilty in such important
matters would appear to have something else in mind. The hope of the
American litigation system is to provide the best, the fairest, and the most
optimal context for a jury to find the truth that the evidence allows them to
find. This goal of providing the best opportunity for a jury to find its version
of the truth is especially important to understand before we discuss the court’s
current preoccupation with forensic and a host of other science questions. 

Litigation involving questions of science or the nature of the validity of
modes of scientific inquiry has been part of the legal system since the start
of our nation, beginning with patent cases in the 18th century. In examining
the background of the current preoccupation of legal scholars and courts
regarding the meaning and application of science in civil and criminal cases,
one is struck by the absence of argument on that point until fairly recent times.10

The real-life context from which the science-based questions addressed
in this book arise are based on the proffer of expert testimony in criminal
cases. One side, at a pretrial hearing, may seek to challenge the propriety of
testimony by the opposing side’s experts or, more commonly, may challenge
the reliability or acceptability of the methodology used by the expert in
forming an opinion. According to established evidence law theory, any wit-
ness may be challenged on several grounds. A case may not require his or
her expertise. A jury may decide the disputed fact without the need for
lengthy and potentially prejudicial testimony. An expert witness may be
challenged on his or her basic qualifications and ability to give an opinion
in the field at issue. The expert may have insufficient education or experience
to have anything of value to offer. The methodology utilized by an expert to
support his or her opinion may not be scientifically sound or capable of
supporting the proffered opinion. The methodology may be sufficiently sci-
entifically sound to support an opinion, but the opinion based on the method
is not sufficiently derived from that scientific methodology. These process-
based objections are key factors in the current state and federal controversy
over the use of expert scientific opinion in America’s courts.



46 Forensic Evidence: Science and the Criminal Law, Second Edition

Becker’s observation on writing history applies with equal force to the
investigation and prosecution of a civil case:

I ought first of all to explain what I mean when I use the term
history. I mean knowledge of history. No doubt throughout all
past time there actually occurred a series of events which, whether
we know what it was or not, constitutes history in some ultimate
sense. Nevertheless, much the greater part of these events we can
know nothing about, not even that they occurred; many of them
we can know only imperfectly; and even the few events that we
think we know for sure we can never be absolutely certain of, since
we can never revive them, never observe or test them directly. The
event itself once occurred, but as an actual event it has disap-
peared; so that in dealing with it the only objective reality we can
observe or test is some material trace which the event has left…11

Forensic evidence, along with all other evidence, is used to reconstruct
the historical event that encompasses the crime being prosecuted. Given
speedy trial rules and other constitutional protections, not the least of which
are the rules of evidence, such recreations are often a formidable task for pros-
ecutors and defense counsel. Increasingly, in the early 21st century criminal
trial, this circumstantial proof often comes in the form of forensic evidence.
The long history of proof of crime has always depended more on the experience
of jurors’ lives than any startling analysis developed in a laboratory. Logic
and common sense have always had and will continue to have as great, if not
greater force than probabilistically based forensic facts.12

This is an old idea, recognized by ancient, Renaissance, and modern
advocates.13 The word forensic itself originates in the idea of the study of
argumentation in public forums. Any reference to a scientific conclusion, as
opposed to argument, is of fairly recent vintage.14 

In 81 B.C., the famous advocate and orator Marcus Tullius Cicero, then
the leading defense lawyer in Rome, represented Sextus Roscius of Ameria,
accused of murdering his father to get possession of the patrimonial estates
in the country. In the absence of forensic science assistance, Cicero relied on
the juror’s sense of community mores, experience, common sense, and logic:

Well, what sort of a person is he then? Obviously he must be some
degenerate youth, who has been corrupted by men of evil char-
acter. On the contrary: he is over forty years old. Well, then, he
must be a veteran cut-throat, a ferocious individual thoroughly
accustomed to committing murders. But the prosecutor has never
even begun to suggest anything of the kind. So I suppose he must
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have been driven to his criminal act by extravagant habits, or huge
debts, or ungovernable passions. As regards extravagant living,
Erucius himself has already cleared him of that when he indicated
that Sextus hardly ever even attended a party. Debts? He never
had any. Passions? Not much scope for these in a man, who, as
the prosecutor himself critically remarked, has always lived in the
country, devoting his time to the cultivation of his land.15

In response to an assertion that the defendant may have simply hired
paid assassins, Cicero countered with more logic and common sense:

…I won’t even ask you why Sextus Roscius killed his father. I only
ask how he killed him… How did he kill his father then? Did he
strike the blow himself, or get others to do the job? If you are
trying to maintain that he did it himself, let me remind you that
he wasn’t even in Rome. If you say he got others to do it, then
who were they? Were they slaves or free men? If they were free
men, identify them. Did they come from Ameria, or were they
some of our Roman assassins?… If they were from Rome, on the
other hand, how had Roscius got to know them? For after all he
himself had not been to Rome for many years, and had never on
any occasion stayed there for more than three days at a time. So
where did he meet them? How did he get into conversation with
them? What methods did he use to persuade them? He gave them
a bribe. Who did he give it to? Who was his intermediary? Where
did he get the money from, and how much was it?16

This steady logical marshaling of facts comporting with the life experience
of triers of fact still remains the bedrock of any criminal justice system. Forensic
science, as we will see, draws on the same experiential resources, by producing
facts to which the jury can apply their common sense and judgment. 

The highly publicized O. J. Simpson, Jon Benet Ramsey, and Scott Peter-
son murder cases are recent modern examples of this inherent difficulty in
the history-finding function of the American justice system. Similar difficul-
ties are experienced daily in American civil trials, as evidenced by the ongoing
judicial debates on causation in the breast implant cases and a wide variety
of chemical- or pharmacological-centered litigation. Both sides to the inves-
tigation of a case have their respective versions of “what happened that day.”
The proof of facts in litigation is the proof of a relevant history, within which
individual or corporate responsibility may be determined.

The importance of getting our theories straight in determining past fact
is essential in litigation. It is not simply some unimportant academic exercise
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that can be bandied about by law professors. As noted by Professor Steven
Shaplin and Professor Simon Schaffer in their excellent study of the search
for scientific fact, Leviathan and the Air Pump:

A discarded theory remains a theory. There are good theories and
bad theories — theories currently regarded as true by everyone
and theories that no one any longer believes to be true. However,
when we reject a matter of fact, we take away its entitlement to
the description: It never was a matter of fact at all.17

III. Forensic Evidence and History

Any trial, in any area of law, from the simplest to the most complex, is in
essence an exercise in establishing a version of history. In a criminal case,
such as murder, sexual assault, or robbery, the historical period of interest is
typically a fairly restricted one, amounting in some cases to as little as several
minutes. However, in a protracted patent infringement, contract, anti-trust,
or more particularly here, a complex products liability or toxic tort case, the
relevant historical period can reach back decades, and involve the scrutiny of
thousands of pieces of scientific scholarship and in-house corporate documents.

If a case has proceeded to trial, the existence or exact nature of one or
more material facts are still in question and thus must be determined by the
jury as case historians, in their function as the triers of fact. Once the jury
has determined the basic facts, the court can instruct it as to the law on any
facts as found by it to have occurred. The history of Anglo-American com-
mon law trials is testimony to the great and ongoing difficulty in determining
the factual basis of a case.18

In the 1997 science-fiction film Gattaca, directed by New Zealand direc-
tor Andrew M. Nicol, a genetically engineered society of the very near future
has perfected its use of DNA and hair analysis to the point where they serve
as common identification methods as we would use a driver license or social
security number today. The plot elements, involving forensic science, mixed
identities, and murder are chillingly close to the 21st-century world of foren-
sic science we will soon experience.19 In a recent editorial in the British
forensic science journal Science and Justice, entitled Where will all the forensic
scientists go?,20 Professor Brian Caddy ponders the possibility of police
authorities having forensic scientists as part of the initial police response to
notice of a crime, noting the current ability to do an online computer search
of a fingerprint from the crime scene. He observes that recent improvements
in DNA profiling, by the gradual elimination of gel-based DNA profiling in
favor of microchip as a medium for DNA strand analyses, will facilitate a
major change in crime scene processing:
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From these small beginnings, we shall see handheld microchip-
based devices placed in the hands of the crime scene officer who will
have the capability of relaying the scene DNA profile to the data bank
for comparison. The data bank then becomes a primary function
of the forensic science laboratory, but as robotization advances
this role will be managed by a small number of technicians.21

Similar advances, such as the Automated Fingerprint Identification Sys-
tem (AFIS) or the recently created and rapidly expanding CODIS system,
linking American state and federal DNA data banks, prove the point.22 It is
essential to make a clear distinction between 21st century methods for rec-
ognizing, storing, and testing potentially important crime scene data and the
conceptual apparatus used to interpret it in a court of law. As we enter the
new century, it is time to look back on the relationship between the law and
the world of forensic science that has developed up to this point. This book
intends to provide this analytical retrospective by discussing the legal context
within which the claims and offerings of the forensic sciences are articulated
as we leave the century where forensic science and forensic evidence were
born and developed.

In the quotation that precedes this chapter, Francis Bacon warns of the
dangers inherent in exaggerated, misleading, or simply absurd claims made
about the results of scientific theory and experimentation.23 The historian
Carl Becker points out the elusive nature of the proof of historical events and
the near impossibility of recreating them in later times. This is the central
problem encountered in litigation, especially in the American criminal justice
system, where more often than not proof statements are couched in terms
of probabilities. The economist John Maynard Keynes, among a host of
others, alerts us to the continuing problem of society (herein especially in
litigation), of carelessly accepting a certain level of proof of a probability that
certain facts are true as proof that they are true:

It has been pointed out already that no knowledge of probabilities,
less in degree than certainty, helps us to know what conclusions
are true, and that there is no direct relation between the truth of
a proposition and its probability. Probability begins and ends with
probability.24

Probability, as will be noted throughout this book, is the central and
controlling idea in the utilization of forensic science in the modern criminal
trial.25

Proof of fact in significant late 20th and early 21st century litigation has
increasingly focused on inferences flowing from the application of the findings
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in one or more of the natural sciences. The methodologies change as science
progresses. The legal system has survived many such changes and will survive
yet more as the 21st century rushes into our national life. The important
aspect of this increasing dependence of scientific method as a basis for deter-
mining dispositive facts, as far as the litigants are concerned, is the fact
generated, not the method used to produce it. The existence or nonexistence
of a matter of fact depends in large part on the theory of fact-finding being
used by the fact seekers.

IV. Forensic Evidence and the Crime Scene

Discussions of the use of science in the criminal law typically revolve around
the subject of forensic evidence. Forensic evidence refers to facts or opinions
proffered in a criminal case that have been generated or supported by the
use of one, typically more than one, of the corpus of forensic sciences routinely
used in criminal prosecutions. There is an extensive list of such disciplines,
the legal ramifications of which receive extended attention in subsequent
chapters. The more important of these forensic sciences are:

• Hair Analysis
• Fiber Analysis
• Glass Fragments 
• Paint Chips Analyses
• Soil Analysis
• Ballistics
• Toolmarks
• Bitemarks
• Fingerprints
• Footwear 
• Tire Impressions
• Blood Spatter Analysis
• DNA Analysis
• Forensic Anthropology
• Forensic Archeology
• Forensic Entomology
• Forensic Palynology
• Forensic Pathology
• Forensic Odontology
• Questioned Document Analysis
• Forensic Psychiatry and Psychology (Soft Sciences)
• Statistics (Soft Sciences)26
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The central concept in the utilization of the findings of forensic science
is the crime scene. While a crime scene can consist of the basement of a
counterfeiter or the jimmied back door lock of a super mart, usually the term
refers to the scene of a violent crime, such as a sexual assault or a homicide.
The use of the crime scene paradigm is not only a familiar focus for the
training of forensic scientists, it is also the central source and reference point
for analysis of the many legal issues that are involved directly or indirectly
in the field of forensic evidence. What types of materials are normally or
often found at a crime scene that may, through close examination by forensic
scientists, yield valuable information leading to an arrest and successful pros-
ecution of the perpetrator or the equally important elimination or exclusion
of a putative suspect? 

A brief listing of the data and the accompanying forensic sciences follows:

• Blood, Semen, and Saliva (DNA matching and typing; blood-spatter
analysis)

• Nonhuman DNA (dog, cat, deer, whales)
• Drugs (drug identification, forensic pathology)
• Explosives (bomb and arson identifications and source traces)
• Fibers (fiber typing, source identification, and matching)
• Hair (hair typing and matching)
• Fingerprints (fingerprint matching, AFIS, etc.)
• Bones (gender and age typing; identification of remains; weapon

identification)
• Wound analysis (weapon typing; physical movement patterning)
• Firearms and ammunition (ballistics and tool-mark identification)
• Powder residues (shootings, suicides)
• Glass (glass typing and matching)
• Foot, tire, and fabric impressions (impression typing and matching)
• Paint (paint typing and matching in automobile collisions, hit and

run)
• Petroleum products (product typing and matching)
• Plastic bags (typing and matching; garbage bags as suffocation device

or when used in transports)
• Soils and minerals (mineral typing and matching; forensic geology)
• Tool marks (tool identification and matching; homicides, burglary,

home invasions, etc.)
• Wood and vegetative matter (plant typing and matching; plant DNA)
• RAPD matching; limnology, Forest Service Lab
• Insects, larvae, maggots; forensic entomology; time of death; location

analyses)
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• Dentition and bite marks (identification of victim; matching bite
marks to defendant)

• Tobacco and related smoking materials
• Documents (typewriter, printer, and handwriting analyses)27

V. Forensic Evidence Basics

The term forensic evidence encompasses two distinct ideas and processes. The
forensic part refers to the laboratory and observational processes utilized in
the forensic science at issue through which facts are generated. The manner
in which DNA is extracted, tested, and subjected to population analyses is a
primary example. The methodology of hair, fiber, and fingerprint examina-
tion are other illustrations. The area of forensic science encompasses a fairly
discrete number of well-known disciplines, whereas the “science” addressed
in products liability and environmental civil cases does not lend itself to such
finite boundaries. While there are repetitive areas of scientific focus in civil
cases, such as chemistry and pharmaceuticals or biological, mechanical, or
electrical engineering, there is much less of an opportunity to discuss the
general outlines of acceptable methodology in such cases. The forensic sciences,
traditionally associated with the prosecution of crime, do allow for such
broad methodological reviews, and accordingly, are required to varying degrees
by criminal courts. Nonetheless, the legal concerns are basically the same.

It is important to remember the fundamentally different reasons for the
introduction of scientifically generated information in the civil and criminal
litigation systems. The use of the term litigation is important here because it
is in the process of litigation that the issues discussed are focused on. This
focus is quite distinct from other contexts where the nature or acceptability
of scientific methodologies or opinions is at the center of the inquiry, such
as grant requests, patent applications, contractual disputes, or publication in
a scientific peer-reviewed publication. The legal issues most involved in the
science debates of the past decade are questions of the relation between sci-
entific and legal standards to determine causation in civil cases. As the century
closes, similar questions are being directed to the information claims of the
forensic sciences.

The evidence part of the concept of forensic evidence refers to a distinct
set of procedures unique to the litigation process, separate and distinct from
the processes of any forensic science or sciences that are the basis for the
proffer of facts in a criminal case. At this point a discussion of the basic
components of what may be referred to as the forensic science process, across
individual disciplines, is necessary to further understanding of the broad
judicial support given the evidentiary contributions made to the criminal
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justice system in the form of factual assertions and opinions from the forensic
community.

In civil as well as in criminal cases, the parties are seeking to prove or
disprove a sufficiently strong connection between defendant’s act or omission
and the death or injury in suit. However, the science at issue usually consists
of studies that may only be probative of any such connection through extrap-
olation, without the individualizing expert testimony typically provided by
forensic scientists.28 Forensic evidence deals with scenarios far different from
those in a civil law tort case, wherein no real science is carried out to serve
the theoretical need to prove causation. In the criminal case, the use of
forensic science means that some form of laboratory work is performed to
resolve factual matters in the case itself. In both civil and criminal cases, the
information provided from scientific sources must be relevant to one of the
issues in the case.29

The value of forensic evidence for police and prosecutors lies in its ability
to interpret multiple physiological aspects of a crime scene and to link a
particular suspect to it. In this respect, it is of central importance to recognize
that in any criminal case there are actually four crime scenes involved, each
with its own set of rules and guiding principles:

• The physical crime scene created and left by the perpetrator
• The crime scene material collected by the crime scene personnel
• The crime scene material capable of being tested by the crime lab,

and the results of any such tests
• The crime scene information allowed into evidence by the trial court

according to the case issues and the rules of Evidence

The relative importance and focus of each of these successive crime scenes
thus depend upon a solid understanding of four major factors that are the
basis for all aspects of the forensic sciences:

• Recognition — the ability to understand what could be present at the
scene

• Collection procedures — understanding and utilizing the most cur-
rent thinking on the subject of collection procedures

• Testing procedures — understanding and utilizing the most current
thinking on the subject of forensic laboratory testing protocols

• Trial evidence requirements — witness and exhibit foundation require-
ments and the applicability of relevancy under the rules of Evidence 

The value of information generated by the techniques and methods of
forensic science, as far as the law is concerned, initially rests upon the police



54 Forensic Evidence: Science and the Criminal Law, Second Edition

authorities at the scene of a crime recognizing an item as having potential
value and properly collecting and storing it prior to lab analysis. If the
material is not seen and collected the forensic evidence analysis is nullified.
This reality underscores the need for increased training, especially in the
smaller communities across America in the basic and advanced procedures
for crime scene analysis.30 In a post-O. J. Simpson legal environment, the
collection process itself has become fair game for defense lawyers eager to
stop the forensic evidence process from reaching its evidentiary conclusion.31

In many ways the O.J. Simpson trial was a timely catalyst for the current
renewed focus by trial counsel, judges, and the public on the rights and
wrongs of crime scene investigation and testing, from alleged failure to conduct
an adequate crime scene investigation, contamination of samples, deficient
testing processes, and a host of other crime scene related issues. Law school
and post-graduate legal training has recently begun reemphasizing the
importance of forensic evidence instruction as well as the more familiar tools
of criminal law, such as constitutional criminal procedure, criminal law the-
ory, and the law of Evidence.

The importance of forensic science to the criminal law lies in its potential
to supply vital information about how a crime was committed and who
committed it, which information can survive the screening function of the
rules of Evidence and be accepted as evidence of a material fact in the ensuing
trial.

In broadest terms the “matching” process utilized by forensic scientists
involves demonstrating the manner in which a physical item from a crime
scene or other data may be analyzed so as to provide a purported link between
the defendant and the crime scene involved in the prosecution. Each of the
datum recovered from a crime scene, whether hair, fiber, soil, glass particles,
blood products, foot or tire prints, or firearms, may be broken down into a
series of subcomponents for analysis and comparison. It is important that
prosecutors and defense counsel make a detailed study of these separate dis-
ciplines, along with the analytical processes and the criminal justice system
response to them (discussed in detail later).32

It is most important to recall that the greatest number of the forensic
sciences routinely used in criminal cases are basically observational, experience-
based disciplines, centered in the employment of the latest microscope
technology such as the comparison microscope. In today’s judicial climate,
especially as seen in the string of recent United States Supreme Court “science”
cases, the designation of forensic science as science has come under pretrial
scrutiny with respect to the relevant methodologies that a forensic scientist
routinely relies upon. The gradual legal protections against the so-called
“coerced” confessions and illegally seized evidence by way of Fourth and Fifth
Amendments case-law sanctions33 has gradually increased the simple need
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to prove a crime by way of circumstantial evidence. This typically comes in
the form of inference “packaging” from physical data retrieved from a crime
scene, analyzed in a forensic lab, and presented to a court and jury to meet
one or more of the essential facts required by criminal law theory. While the
development of federal criminal procedural rights has indeed thrown pros-
ecutorial units back onto the more traditional proof processes, it has always
been the case, throughout the history of common law trials, to center proof
in inferences generated from a wide variety of circumstantial evidence. 

VI. Forensic Evidence and Circumstantial Evidence

In the early twenty-first century criminal trial, circumstantial proof often
came and continues to come in the form of forensic evidence. While this
book concentrates on the subject of contemporary forensic evidence, it is
important to note that the long history of proof of crime has always depended
more on the inferences gained through the experience of juror’s lives than
any startling analysis developed in a laboratory. Logic and common sense
have always had and will continue to have as great, if not greater influence
than probabilistically based forensic facts.34

A history of forensic proof might as well be referred to as a history of
close observation or paying attention. Doctor Watson observed of Holmes:

…Tells at a glance different soils from each other. After walks has
shown me splashes upon his trousers, and told me by their colour
and consistence in what part of London he had received them.35

Holmes’ observation in that famous case, that the most mysterious crime
scene is the most common one, still rings true in the early years of the 21st
century:

It is a mistake to confound strangeness with mystery. The most
commonplace crime is often the most mysterious, because it presents
no new or special features from which deductions may be drawn.36

Inspector Lestrade’s caution to the world’s greatest detective, that
(it’s) all very well for you to laugh, Mr. Sherlock Holmes. You may
be very smart and clever, but the old hound is the best, when all is
said and done,37 is a longstanding concern that lies at the heart of
many modern arguments as to the validity of forensic pronounce-
ments in modern trials.38

The history of the forensic sciences is a fascinating study,39 primarily
centered on the work of individual scientific pioneers, rather than any truly



56 Forensic Evidence: Science and the Criminal Law, Second Edition

systematized, publicly funded entities designed and intended to aid govern-
ment prosecutors as at present.40 The aspect of the forensic sciences that is
of interest to practitioners in the criminal justice system is the potential for
the production of forensic evidence, that is, facts, which, when typically
combined with probability assessments geared toward defendant’s participa-
tion in a crime, aid in establishing one or more essential elements of the
crime such as intent.

Police and prosecutors can use a wide variety of aids as investigative tools,
including experience, hunches, and informers, but their later use of physical
data recovered from a crime scene is determined by the “evidentiary” care
shown towards the entire crime scene investigation process, not the least of
which is the seizing, collecting, and protection shown to the physical evidence
before and after laboratory analysis. If the authorities do not recognize it at all or
do not collect, store, and transfer it properly, it may very well be useless information.

Forensic evidence, along with all other evidence, is used circumstantially
to reconstruct the historical event that gives rise to the crime being prose-
cuted. Given speedy trial rules and other constitutional protections, not the
least of which are the rules of Evidence, such re-creations are often a formi-
dable task for prosecutors and defense counsel. The O. J. Simpson, the Jon
Benet Ramsey, and the Scott Peterson cases establish this point.41

Any trial, in any area of law, from the simplest to the most complex, is
in essence an exercise in establishing a version of history. If a case has pro-
ceeded to trial then one or more material facts are in question and thus must
be determined by the trier of fact. Once the jury has determined the basic
facts, the court can instruct it as to the law on any facts as found by it to
have occurred. Both sides to the investigation of a case have their respective
versions of “what happened that day.” The rules of Evidence that channel
the information flow in a trial, as we know and use them, are primarily
exclusionary rules, which determine what historical facts — or on occasion,
opinions — the jury will get to hear. In its simplest terms, evidence is legally
approved information.

The search for past fact by a court or jury is a form of historical research,
but with significant differences. First, the facts presented are proffered by
interested parties in an adversary encounter, unaccompanied by the objective
search allegedly hopefully utilized by academic historians. Second, the rules
of Evidence do not open the inquiry to any and all facts that may appear
logically relevant to the search, but rather, hedge the presentation of facts in
a context ruled by numerous areas of policy that do not bind professional
historians.42

Historians do not have as strong a prejudice against hearsay as the law
nor require the rigorous foundation requirements for admission as is needed
in common law trials. Historians have little time constraints as to when the
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task is completed, whereas civil and, especially, criminal litigants are under
a number of time constraints, such as statutes of limitations, 120 speedy trial
rules within which the state must try an arrestee, discovery deadlines, and
the disfavor that long trials receive by today’s judiciary. Finally, while histo-
rians have set high standards to determine the validity of historical
conclusions43 they are not formally operating under a beyond a reasonable
doubt or preponderance of the evidence standard as are lawyers in criminal
and civil cases. The historian’s standard is necessarily more fluid.44 Nonethe-
less, the history-seeking function of common law trials suffers from the same
infirmity as efforts by historians to reproduce the past event. 

Historian Carl Becker’s observation on historical method, noted earlier,
could equally apply to any factual search in litigation, not the least of which
are efforts to establish scientific facts that will be determinative of the central
issues in contemporary environmental, products liability, medical malprac-
tice, and criminal prosecutions. (The subject of inference, probabilistics-,
statistics-, and extrapolation-based testimony are discussed later in this book.)
In the extensive areas of causation theory and forensic science and forensic
evidence, the history question continues to be a major component in any
analysis of proof of scientific fact.45 

VII. Forensic Science, Probability, and the Law

Robert Hooke, the early seventeenth-century inventor of the microscope and
an associate of the great experimentalist Sir Robert Boyle, along with Francis
Bacon, recognized the difficulty of finding adequate systems for the testing
of scientific claims and productions, especially in cases of attempts to fashion
one uniform set of constructs for any such task:

…for the limits to which our thoughts are confined, are small in
respect of the vast extent of Nature itself; some parts of it are too
large to be comprehended, and some too little to be perceived,
and from thence it must follow that not having a full sensation of
the object, we must be very lame and imperfect in our conceptions
about it, and in all the propositions which we build upon it; hence
we often take the shadow of things for the substance, small ap-
pearances for good similitudes, similitudes for definitions; and
even many of those, which we think to be the most solid defini-
tions are rather expressions of our misguided apprehension than
of the true nature of the things themselves…46

The danger of seeing more than there is to see in the results of experi-
mental processes continues to be a focus of attention in countless criminal
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appeals involving forensic evidence issues. It is an old worry that has been
with us from the birth of modern scientific method.

Professor Steven Shaplin and Professor Simon Schaffer in their book
Leviathan and the Air Pump provide a fascinating study of the struggle
between theorists and those who considered themselves experimentalist pio-
neers in the study of nature. They observe:

The English experimentalists of the mid-seventeenth century and
afterwards increasingly took the view that all that could be expect-
ed of physical knowledge was ‘probability,’ thus breaking down
the radical distinction between ‘knowledge,’ and ‘opinion.’ Physical
hypotheses were provisional and revisable; assent to them was not
obligatory, as it was to mathematical demonstrations: and physical
science was, to varying degrees, removed from the realm of the
demonstrative. The probabilistic conception of physical knowl-
edge was not regarded by its proponents as a regrettable retreat
from more ambitious goals; it was celebrated as a wise rejection
of a failed project. By the adoption of a probabilistic view of
knowledge, one could attain to an approximate certainty and aim
to secure legitimate assent to knowledge-claims. The quest for
necessary and universal assent to physical propositions was seen
as inappropriate and illegitimate. It belonged to a ‘dogmatic’
enterprise, and dogmatism was seen not only as a failure but as
dangerous to genuine knowledge.47

This perceptive observation applies with equal force to contemporary
discussions of the place of probability in the forensic sciences and the use of
probability theory to the investigation and trial of criminal cases.

Beginning with the famous decision by the California Supreme Court in
People v. Collins, in 1968, there has been steady stream of law review articles
and symposia that come and go, arguing for or against the development of
a mathematically centered system for the weighing of evidence in criminal
cases and the devising of a juror system for both weighing and compounding
such values into a verdict. The rapid disintegration of all such proposals into
mathematical symbols that would befuddle the most conscientious judge
and jury has considerably diminished the attractiveness of the ideas for the
practicing forensic scientists and trial lawyers.48 Nonetheless, there is still
considerable respectable academic interest in and support for such systems
of evidence evaluation.49 

In a recent article in the Jurimetrics Journal entitled Forerunners of Baye-
sianism in Early Forensic Science,50 authors F. Taroni, C. Champod, and
P. Margot observe that in many areas of forensic science, such as those involving
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hair, fiber, fingerprints, tool marks, shoe prints, paint, and document exam-
ination, the Bayesian approach remains formally ignored or untrusted. The
article argues that it is time for Bayesian probabilistic methods of evaluating
evidence to be generalized to all transfer traces including shoeprints and
fingerprints. Such a broad use of the Bayesian perspective, the authors con-
tend, not only follows from the recent achievements of statistical argument
in forensic science, but also from the history of its earlier and productive use,
at the turn of the century, in a number of disparate of trace evidence cases
and contexts.51

As noted by Taroni et al:

Scientific evidence, though used in court for centuries, did not
achieve real prominence until the end of the 19th century, when
new scientific techniques (such as anthropometry and fingerprint-
ing) became increasingly common in police inquiries. Alphons
Bertillon provided solutions to the problem of identification of
habitual offenders. His most famous innovation was the applica-
tion of anthropometry in the context of criminal law, following
the techniques employed at the time by Quetelet, Topinard, or
Broca. Bertillon proposed to use somatic measurements (nine, and
later twelve, measures taken with utmost precision at particularly
invariable adult body locations) as discriminating characteristics
for the identification of habitual offenders.52

Edmond Locard was perhaps the most famous forensic scientist of the
19th century, renowned for his “Locard Principle,” i.e., all close physical
contacts usually result in an exchange of trace amounts of matter, typically
hairs, fibers, soils, and other trace-evidence, physical specimens. He taught
that the physical certainty provided by scientific evidence rested upon evi-
dential values of different orders, which were measurable and could be
expressed numerically:

Hence the expert knows and argues that he knows the truth, but
only within the limits of the risks of error inherent to the tech-
nique. This numbering of adverse probabilities should be explic-
itly indicated by the expert. The expert is not the judge: he should
not be influenced by facts of a moral sort. His duty is to ignore
the trial. It is the judge’s duty to evaluate whether or not a single
negative evidence, against a sextillion of probabilities, can prevent
him from acting. And finally it is the duty of the judge to decide
if the evidence is, in that case, proof of guilt… These guidelines
remain pertinent to scientists or lawyers even today, eighty years
later.53
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Taroni, Champod, and Margot indicate in their footnote materials a
somewhat blasé acceptance of the reality that to date, there are no statistics
available for the greatest number of forensic sciences, such as hair, fiber, soil,
footprints, and tire impressions, etc:

Currently, probabilities of error are not provided with most sci-
entific evidence. While DNA evidence is necessarily accompanied
by some statistics, other forensic fields, such as those involving
fingerprints, shoe prints, tool marks, or document examinations,
do not appear to lend themselves to a statistical approach….
Moreover, even if probabilities are common in biological evidence,
a large span of error estimations (in laboratory errors, for example)
is systematically ignored.54

An editorial in Science and Justice, the leading British forensic journal,
entitled, “Does Justice Require Less Precision Than Chemistry?”,55 takes issue
with the latest, and perhaps most successful, brief for a Bayesian approach
to the evaluation of criminal evidence, Interpreting Evidence,56 by Robertson
and Vignaux. The editorial cites recent DNA rulings in England holding that
the use of statistics based on Bayes’ theory by a jury trespassed on an area
particularly within the province of the jury’s traditional prerogatives. The
English Appeal Court has held that the use of defense-sponsored mathemat-
ical formulas for the weighing of evidence was inappropriate and might be
impractical should different jurors apply different values to particular items
of evidence, commenting that jurors evaluate evidence by the joint applica-
tion of individual common sense and knowledge of the world to the material
before them.57 The editorial writer, Alistair R. Brownie, concludes:

This appears to signal a fairly comprehensive rejection of the use
of probability calculations in English criminal law and a dashing
of the hope expressed by Robertson and Vignaux that logic, prob-
ability, and inference would provide the language of which lawyers
and scientists would communicate with each other … justice in
the United Kingdom does not require or welcome the precision
of the chemist. Or at least at present it does not encourage the
amateur to dabble.58

The combination of logic, experience and common sense remains the
tool of judges, prosecutors, defense lawyers, and jurors as it has since the
earliest days of English and American criminal jurisprudence. The use of
probability analysis in nonforensic criminal settings illustrates its ongoing
validity, if not necessity, in a criminal justice system centered in the balancing
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of conflicting bodies of circumstantial evidence. Indeed, given the historical
necessity for the gathering and arguing of inferences from circumstantial
evidence and the concomitant use of formal or informal probability analyses,
we must always remind ourselves that our system of criminal justice resides
in a world of probability. 

The use of inferences is at the center of many, if not most of our fact-
finding experience. As observed by the historian Robin Winks:

We all make inferences daily, and we all collect, sift, evaluate, and
then act upon evidence. Our alarm clocks, the toothpaste tube
without a cap, warm milk on the breakfast table, and the bus that
is ten minutes late provide us with evidence from which we infer
certain unforeseen actions. The historian must reconstruct events
often hundreds of years in the past, on the basis of equally homely
although presumably more significant data, when the full evidence
will never be recoverable and, for that portion of it recovered,
when it may have meanings other than we would attach to similar
evidence today. Thus the historian has evolved his standards of
inquiry, of thoroughness, and of judgment to provide him with a
modus operandi.59

Given the fragility of criminal litigation’s version of reconstructing an
historical event due to the consistent absence of direct proof on central issues,
how do we accept and shape our uses of probability and what does its
centrality say about our theoretical insistence on proof beyond a reasonable
doubt? 

The standing of probability analyses in our criminal justice system
is still of the greatest concern with respect to basic justice in our
criminal justice trial system. This is especially the case in the area
of forensic science and its outgrowth in the form of forensic evi-
dence. Not the least of the probability analyses question marks is
the absence of a statistical base in most of the forensic sciences,
with which to determine the chances of any proffered “match”
occurring in the general population.60

VIII. Forensic Science and the Courts: Frye, Daubert, 
and Beyond

A basic requirement toward the admissibility of trial information is the pre-
requisite of a solid supportive foundation, for any offer of evidence, especially
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in instances of scientifically-generated data such as ballistics, fingerprints,
fiber, or hair analyses. A foundation consists of sufficiently supportive infor-
mation presented to a judge to convince her that the proposed witness or
item of information has the potential to be true and hence a jury could
reasonably determine that it is or is not true. 

A simple example of a nonscientific foundation is in a fatal automobile
crash, where the plaintiff offers a witness who wishes to testify as to the speed
of the defendant’s vehicle. The foundation here might consist of preliminary
testimony that the witness was in an opportune position to see the accident
and was a licensed and experienced driver capable of estimating the relative
speeds of two automobiles. In instances of forensic or scientifically generated
information, such as toxicology or forensic pathology, the required foundation
is usually much more complex to allow an expert to offer an opinion in a case.

Information generated by the forensic sciences is referred to as forensic
evidence simply to distinguish it from nonscientifically generated informa-
tion, such as witness statements and other circumstantial data, addressing
the period preceding, during, and following a crime. The importance of the
forensic sciences to the criminal justice system is the ability to supply infer-
ential facts. Once established, such facts, i.e., defendant’s presence at the
crime scene, are evidence to be weighed by the jury along with all other facts.
Prior to allowing a forensic scientist or crime scene technician to render an
opinion linking a defendant to a crime scene, a court will require a showing
by the offering party that the scientific basis underlying the proffered opinion
is generally accepted in the scientific community out of which it arises, or,
under a federal Daubert standard, it is relevant and reliable.61 

Once the information produced and testified to by expert witnesses
successfully survives the evidence rules and foundational process, it becomes
circumstantial evidence, along with other inference-based information avail-
able for jury consideration. The aspect of the forensic sciences that is of
interest to practitioners in the criminal justice system is its potential for the
production of forensic evidence, that is, facts, which when typically combined
with nonformal, common-sense-based probability assessments geared
toward defendant’s participation in a crime, aid in establishing one or more
essential elements of the crime. It is those elements, such as actus reus (affir-
mative act), intent, and causation that must be proved beyond a reasonable
doubt. 

How does forensic evidence differ from other evidence? Well, it does and
it doesn’t. Forensic science involves the application of scientific theory accom-
panied by laboratory techniques, some of which involve a wide variety of the
traditional academic natural sciences, such as anthropology, DNA analysis,
and geology. Some disciplines associated with forensics are nonacademic in
nature, such as footwear impressions, fingerprints, and hair analysis (often
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centered around the use of the comparison microscope and other develop-
ments in the field of microscopy), which are routinely used with very telling
results in the investigation and prosecution of crime. Remembering that the
reason for using the forensic sciences is to generate forensic evidence — the
forensic part — the whole point is to get to the evidence part. All of this
carefully gathered information is generated to accomplish the goal of estab-
lishing a material fact or facts at or before trial, not to demonstrate the latest
technological advance or the most recent forensic science methodology.62 

Discussions of the use of science in criminal law normally revolve around
the subject of forensic evidence — facts or opinions generated or supported
by the use of one (or typically more than one) of the forensic sciences
routinely used in criminal prosecutions. The list of such disciplines is exten-
sive and their legal ramifications receive extended attention in this book,
despite its devotion to the description and analysis of the legal importance
of individual forensic sciences.

Direct evidence is information that establishes directly, without the need
for further inference, the fact for which the information is offered. A clear
example is eyewitness testimony that the defendant fired the fatal shot in a
murder prosecution. All forensic evidence is primarily offered as circumstan-
tial evidence of a material fact required for a conviction. Forensic anthropol-
ogy, forensic entomology, forensic geology, DNA, fingerprints, hair, fiber, and
footwear and tire impressions evidence, and numerous other types of infor-
mation generated by the body of forensic sciences, all serve the vital function
of bringing to light important inculpatory or exculpatory facts. 

Forensic evidence is subsumed under the general Evidence category of
circumstantial evidence. Circumstantial evidence, which includes the larger
portion of evidentiary offerings in American courts, allows the trier of fact
to accept as proven a fact for which direct evidence is unavailable, by inference
from a fact which has been directly proven. Examples are the connecting of
crime scene DNA, hairs, fibers, glass, footprints, fingerprints, or bullets or
shell casings in some fashion to the defendant, which is offered to infer the
defendant’s presence at the crime scene and thus inferentially connect him
to that crime scene. 

In many ways, the O. J. Simpson murder trial was a timely catalyst for
the current renewed interest in the subject of forensic science. The success
of the crime scene investigation (CSI) and its numerous progenies, and
related fictional and nonfictional televised police dramas, speak to the strong
public interest in the area of crime and science. More to the point here, there
has been a noticeable increase in the attention paid by trial counsel and judges
to the rights and wrongs of crime scene investigation and testing, including
alleged failures by police to conduct an adequate forensic investigation, con-
tamination of crime scene samples, deficient or fraudulent testing, and a host
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of other crime scene-related issues. Law schools and postgraduate legal train-
ing courses have recently begun reemphasizing the importance of forensic
evidence courses along with the more familiar tools of criminal law, such as
criminal procedure and federal courts.

The scientific nature of information generated by one or more forensic
sciences, such as hair or fiber evidence, may require a preliminary determi-
nation of whether the scientific methodology on which a forensic expert’s
testimony is based is either generally accepted in the scientific community,
or, under the federal Daubert standard, is relevant and reliable. If information
produced and testified to by expert witnesses successfully survives the Evi-
dence rules and foundational processes, it and other items of inference-based
information become available for jury consumption.

All this carefully gathered information is generated to meet the goal of
establishing material facts at or before trial, not to demonstrate the latest
technological advances or most recent methodologies.

IX. Basic Questions Related to Forensic Science 
and Forensic Evidence

Listed here are some of the more important general issues from a series of
questions that courts, prosecutors, and defense counsel need to address as
they approach the use of forensic science in the prosecution or defense of a
crime.

• What is the relevant scientific world I need to know? Is it toxicology,
pathology, chemistry, microscopy, biology, or ballistics?

• Where can I locate the scientific literature that I must master to
effectively use forensic science to generate evidence to prosecute or
defend a crime or to counter any such evidence presented?

• What are the key scientific treatises on the general subjects of crim-
inalistics and the individual forensic sciences, such as DNA, hair, glass,
or fibers?

• What are the key practice texts for both the theoretical and practical
application of each of the discrete forensic disciplines such as forensic
anthropology, DNA analysis, or crime scene blood-stain interpretation?

• What are the basics of the individual forensic science involved in a case?
• What are the leading forensic science journals that reflect both tried-

and-true as well as cutting-edge thinking about forensic science theory
and applications? What is the latest thinking by the experts?

• Who are the leading experts in each field? How is that determined?
What are the professional associations that certify any such experts?
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• What are the testing protocols used by experts in the field, for exam-
ple, the interpretation of blood spatters at a crime scene?

• What, if any, ethical protocols are required in the various disciplines,
such as fingerprint analyses?

• What are the emerging theories in the world of forensic science?
Where are the upcoming conferences to be held, what papers will be
presented, and how are they accessible?63

Class and Individual Characteristics

Forensic evidence comes into court in two basic forms: (1) class characteristic
evidence that does not reference a particular suspect; and (2) individual
characteristics that do, inferentially, associate a particular individual with the
commission of a crime. Testimony that the pubic hairs found on a rape and
homicide victim came from a Caucasian male or that shell casings found at
the scene came from a certain make and model of firearm are two typical
examples of class characteristics statements. 

The second type of potential testimony generated by a forensic science
is the individual characteristic or matching statement that serves to link data
found at the crime scene to a particular defendant. Testimony finding that
court-ordered pubic hair exemplars obtained from the defendant are consis-
tent in all respects to the hair found on the victim or that fibers found on a
victim’s clothing are consistent with fibers from a defendant’s jacket are
typical examples.64 DNA “matching” is another obvious example of an indi-
vidual or matching statement.

Class characteristic statements garnered from forensic analyses illustrate
the great value in a criminal investigation of statements drawing contextual
lines for subsequent attempts to link a particular suspect to a crime scene,
especially by excluding other potential categories’ suspects, such as male or
female, Caucasian or Asian perpetrators. The ultimate goal of all forensic
science is the linking of a potential offender to a crime scene through testi-
mony as to individual characteristics, by connecting a physical sample
obtained from the suspect with a similar sample from the crime scene. 

The exclusionary potential of class or individual forensic findings is
equally important as it can eliminate a suspect or void a conviction based
on lack of or adequate forensic investigation and testing.65

On the other hand, according to Barry Sheck and Peter Neufeld of the
Cardozo School of Law, the Innocence Project post-conviction DNA analyses
have resulted in the release of over 150 prisoners.

The ultimate goal of all forensic science is the linking of a potential
offender to the crime scene through testimony as to individual characteristics,
connecting some physical sample obtained from the suspect like datum from
the crime scene. It is equally important, in class or individual forms, for its
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exclusionary potential, thus eliminating a suspect or, as recently, resulting in
the voiding of convictions based on sloppy or no forensic evidence.66 Increas-
ingly, a portion of modern, reported decisions in the criminal law discuss
where and how such linkages have been successfully testified to by forensic
experts.

X. Laboratory Matches and Courtroom Rules of Evidence 

A very limited number of occasions exist where an expert is allowed to make
any absolute claims of any match. Many forensic sciences, including DNA,
do not support any such claims and the courts have consistently refused to
allow this testimony or similar prosecutorial glosses in closing arguments.67

Francis Bacon’s fear in the early period of the development of scientific
method that scientists may give out a dream of their imagination for a pattern
of the world,68 is still a major concern of criminal defense lawyers in cases
involving the contributions of forensic science experts. According to the
defense bar, statements of forensic scientists wrapped in impressive credentials
and complex foundational testimony have always put a shine on prosecution
witnesses’ testimony and glazed the entire case with an aura of certainty that
it may not possess. This is especially the case, they argue, where defendant’s
lack needed forensic support because financial support for indigent’s forensic
requirements is typically not forthcoming.

Terms allowed by courts to support the “identification” of a crime scene
item, such as hair, for example, with a sample taken from defendant, include
the following:

• Match (reversible error in most states) usually limited to fingerprint
and ballistics testimony

• Compatible with
• Consistent with
• Similar in all respects
• Not dissimilar
• Same general characteristics
• Identical characteristics
• Could have originated from
• Cannot be excluded

These conclusory linkage pronouncements and variations on them are
the meat of forensic testimony in a wide variety of crimes and forensic
disciplines.
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However, a less-than-certain opinion nonetheless has a powerful effect
on a jury. These linkage discussions do not occur in general or universal
terms, but are grounded in some significant relationship between the items
found at the actual crime scene and the defendant in the case. The guilt-
oriented inferences rising from such less-than-certain testimony is strong
evidence in any case, requiring defense counsel to provide alternative infer-
ences or to challenge the credentials or opinion base of the testifying expert
or experts. This point was demonstrated in the extensive discussion of the
Sutherland Case Study in Chapter 1, Science and the Criminal Law. 

This type of testimony is frequently directed to support the basic com-
mon sense of the jury, used by ordinary people in connecting facts to events.
It might even be seen as a scientific contribution to the venerable who-is-
kidding-whom test known to all jurors. It is up to the defense counsel to
achieve a sufficient knowledge of the expertise at issue to be able to effectively
cross-examine the expert on what he or she bases that conclusion on, and
to elicit what characteristics exactly are the basis of the opinion at issue.

The traditional antagonism between forensic scientists, courts, and trial
counsel can be encapsulated in two questions. How far can forensic scientists
go in making definitive statements about crime scenes or linking suspect to
them because they have microscope? How far do we let them go because we
have a Constitution? The importance of these questions lies in the recognition
of how far and on what empirical basis such statements can be made at all,
and the impact they may have on a jury in causing such match testimony,
albeit given in a qualified manner, to be taken as true by a jury. The concern
has always been that a scientist’s testimony that a hair or fiber obtained from
a suspect was consistent in all respects or not dissimilar will be internalized
by jurors as statement of a definite match. With the possible exception of
fingerprint and ballistics testimony, the opinions of most forensic experts are
routinely couched in such qualified terms.

The matching process utilized by forensic scientists involves demonstrat-
ing the manner in which a physical item from a crime scene or other data
may be analyzed so as to provide a purported link between the defendant
and the crime scene. Each datum recovered from a crime scene, whether hair,
fiber, soil, glass particles, blood products, foot or tire prints, or bullets or
shell casings, may be broken into a series of subcomponents for analysis and
comparison. (These analytical processes and the responses of the criminal
justice system were discussed in Chapter 1.) It is important that prosecutors
and defense counsel make a detailed study of the separate disciplines. In both
the civil and criminal cases, the parties seek to prove or disprove a sufficiently
strong connection between defendant’s act or omission and the death or
injury in suit. However, the science at issue in civil cases, often centered on
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questions of causation, typically consists of studies that may only be probative
of any such connection by way of extrapolation. Such testimony does not
provide the individualizing expert facts typically provided by forensic scien-
tists in criminal trials. In criminal cases, the use of forensic science means
that some form of laboratory work is performed to resolve factual matters
in the case.

Whether the importance of the testimony of a forensic scientist lies in
general or class characteristic statements about units of crime scene data or
an opinion linking the defendant to the crime scene through an individual
or “match” opinion, the scientific foundation for such testimony, as in civil
cases, is of the utmost concern to the law. The term forensic evidence encom-
passes two distinct ideas and processes. Forensic, as in science, refers to the
processes utilized in the forensic science at issue through which linking facts
are generated. The manner in which DNA is extracted, tested, and subjected
to analysis serves as a major example. The methods of hair, fiber, and finger-
print examination are other illustrations. Forensic science encompasses a
fairly discrete number of well-known disciplines, whereas the “science”
addressed in products liability and environmental civil cases does not lend
itself to such finite topical boundaries.

The evidence part of the concept of forensic evidence refers to a distinct
set of procedures unique to the litigation process and is distinct from the
scientific processes that are the bases for opinions provided by forensic expert
witnesses. It is important to recall the fundamentally different reasons for
the introduction of scientifically generated information in the civil and crim-
inal litigation systems. The use of the term litigation is important here because
the process of litigation brings the issues discussed to the fore. This is quite
distinct from other noncriminal contexts where the nature or acceptability
of scientific methodologies or opinions is at the center of issues, such as grant
requests, patent applications, contractual disputes, or publication in a peer-
reviewed scientific journal.

Proof of fact in significant early 21st century litigation is increasingly
focused on inferences flowing from the application of the findings in one or
more of the natural sciences. The methodologies change as science progresses.
The legal system has survived many such changes and will survive more as
the 21st century rushes into our national life. The important aspect of this
increasing dependence on scientific method as a basis for determining dis-
positive facts, as far as the litigants are concerned, is the fact generated, not
the method used to do it. The existence or nonexistence of a matter of fact
depends in large part on the theory of fact finding being used by the fact
seekers.

The importance of this question lies in the recognition of exactly how
far and on what empirical basis any such statements can be made at all, and
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the impact that any such statements may have on a jury in causing any such
match testimony, albeit given in a qualified manner, to be taken as true by a
jury. The concern there has always been, that a criminalist’s testimony that
a hair or fiber obtained from a suspect was consistent in all respects or not
dissimilar or cannot be eliminated, will be internalized by jurors as statement
of a definite match. Other than the possible exception of fingerprint and
ballistics testimony, the opinion of most forensic experts is routinely permit-
ted to be couched only in such qualified terms.

In broadest terms, the “matching” process utilized by forensic scientists
involves the offering party demonstrating the manner in which a physical
item from a crime scene or other data may be analyzed to provide a purported
link between the defendant and the crime scene involved in the prosecution.
Each of the datum recovered from a crime scene, whether hair, fiber, soil,
glass particles, blood products, foot or tire prints, or firearms, may be broken
down into a series of subcomponents for purposes of analysis and compar-
ison. These analytical processes and the response of the criminal justice
system to them will be discussed in the subsequent the chapters of this book.

XI. Conclusion

Theories come and go. The criminal justice system’s need to fairly and respon-
sibly search for facts continues into the 21st century. It remains to be seen
how the nation’s courts will respond to the forensic science of the 21st
century. As noted by author John Horgan, in his insightful study of the end
of 20th century science:

Science’s success stems in large part from its conservatism, its
insistence on high standards of effectiveness. Quantum mechanics
and general relativity were as new, as surprising, as anyone could
ask for. But they were believed ultimately not because they im-
parted an intellectual thrill, but because they were effective: They
accurately predicted the outcome of experiments. Old theories are
old for a good reason. They are robust, flexible. They have an
uncanny correspondence to reality. They may even be true.

The literature reviews in each of the major areas of forensic science were
published in a 585-page document, which may be downloaded free at
http://www.interpol.int/Public/Forensic/IFSS/meeting14/abstracts.asp.

This is a fact quite distinct from whether these forensic sciences them-
selves have been sufficiently challenged on their basic assumptions, to justify
any opinion being given. See, Michael J. Saks, Merlin and Solomon: Lessons
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from the Law’s Formative Encounters with Forensic Identification Science, 49
Hastings L.J. 1069, 1081 (1998), for an analysis of the heretofore unquestion-
ing acceptance by the courts of most forensic sciences, in particular, the much
debated discipline of handwriting analysis.
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3Hair Analyses 

And all depends on keeping the mind’s eye fixed on things them-
selves, so that their images are received exactly as they are. For
God forbid that we should give out a dream of our imagination
for a pattern of the world.

Sir Francis Bacon: Novum Organum: Aphorisms on the
Interpretation of Nature and the Empire of Man. (1620)

I. Introduction

The forensic discipline of hair analysis is still largely centered in microscopy —
the close examination of a hair sample using modern microscope technology.
However, recent advances in the mitochondrial DNA (mtDNA) analysis of
human hair has required laboratories to rethink their heavy reliance on
microscopy in this important member of the forensic science disciplines.1

While it may be and is used to determine the kind and category of a hair
sample, i.e., whether human, animal, or even a hair at all, the principal goal
in hair analysis is to establish a common origin between known and recovered
samples linked to a suspect in a criminal case. Recently, in addition to visually-
oriented examinations, impressive work on identification has been investi-
gated using DNA methodology in instances of the presence of adequate hair
root cells.2 More often than not, however, such material is not available so
the new DNA methods are unavailable as a tool. 

Great strides have been and continue to be made in the use of mtDNA
to compare hair samples. While mtDNA currently lacks the inclusive features
of nuclear DNA, it is a telling exclusionary tool and is used increasingly as a
backup to traditional microscopy in forensic hair analysis. Hair analysis is
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also used extensively in criminal prosecutions to garner investigative leads
and material facts for use at trial.3 International focus on mtDNA as a primary
tool in crime scene investigation is seen in recent Interpol papers reviewing
world literature on this subject.

The ongoing general utility of hair analysis was noted in the Proceedings
of the 12th Interpol Forensic Science Symposium in 1998:

It is therefore not possible to dispense with the microscopic ex-
amination of hairs. Such a situation could only be envisaged if
DNA profiling became so simplified that all hairs which were
found could be analyzed with little effort and with the certainty
that the analysis would have evidentiary value.4

The literature review summary of the 13th Interpol Forensic Science
Symposium5 agreed, while increasing its focus on the use of mtDNA as an
important adjunct to traditional microscope-centered hair analysis:

The second use of mtDNA is the analysis of hair shafts (Higuchi
et al., 1988).

Although it is not problematical to extract genomic DNA from
the hair root, this is usually not an option unless the hairs have been
physically plucked. Hairs which are shed naturally, because they
are in the telogen phase, are usually devoid of roots and the shaft
itself is almost devoid of genomic DNA. MtDNA can be routinely
analyzed however…6

Noting that mtDNA is inherited through the maternal line (i.e., the
mother passes her mtDNA to all offspring and will share the same mtDNA
with her grandmother, great-grandmother, and so on) the reviewers gave the
following caveat:

Consequently, it is not uncommon for differences to be observed
in the DNA sequence when comparing close maternal relatives
(such as mother and son) (Parsons et al., 1997). Somatic mutation
has also been observed, especially in hairs, and this means that
differences may be observed between different hairs and tissues
within an individual (Wilson et al., 1997; Sullivan et al., 1997).
Consequently, if there are apparent mismatches between the ques-
tioned and known samples, this does not automatically exclude the
questioned sample, although the strength of the evidence must be
diminished. It is well established that the mitochondrial mutation
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rate is substantially higher than that encountered with genomic
DNA.7 

The Interpol 14th Annual Forensic Science Symposium Review, published in
2004,8 observed that interest in the forensic examination of hairs during the
last three years had remained high, although not yet reflected in the number
of published papers. The report stressed that the goal of establishing hair
examination on a foundation more reliable than presently entertained was
at the center of interested hair-analysis groups. This was especially so, given
the increased use of and potential conflict with mitochondrial DNA analyses.9

The 2004 Interpol Review authors concluded that hairs, and in particular
human hairs, will remain an important trace material for the future if for no
other reason than it is a physical reality in routine case work. As humans lose
100 or more hairs each day, hairs will always be present as potential evidence….
Microscopic examination will remain a core technique but debate will continue
regarding its value and reliability. …DNA analysis will continue to be a very
important adjunct to hair examination.10

The Review, while recognizing the importance of recent mtDNA advances
in hair analysis, concluded that it was unlikely that the situation will greatly
improve in the next three years due to availability and cost. Nevertheless, it
was clear that the literature about mtDNA and hair analysis over the past
three years led to the conclusion that the traditional grounding of hair anal-
yses in microscopy needs a second look:

What should change through DNA testing, particularly mtDNA,
is that, where this is available, the hair examiner should change
thinking from exclusion to avoid a wrong inclusion, to acceptance
of more hairs for testing using mtDNA as the ultimate exclusion
or inclusion tool. This acceptance will require an understanding
by users that the apparent “fail rate” for microscopic examination
should increase.11

II. Hair Analysis Basics

What is there to compare in hair analyses? The new Atlas of Human Hair:
Microscopic Characteristics, by Robert Ogle, Jr. and Michelle J. Fox,12 posits
and presents photographic plates referencing 24 microscopic characteristics
of human hair. The primary purpose of this new text, according to the
authors, is to present photographic archetypes that can provide a uniform
basis for the generation of data on study populations, so that data from
different researchers or examiners can be combined to form a larger database
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of characteristic variate frequencies.13 This laudable goal is necessary, the
authors maintain, if hair analysis as currently engaged in by criminalists is
to gain the respect afforded other observation-based forensic disciplines, such
as fingerprints and ballistics, or is to rise to the respectability currently
afforded to disparate DNA methodologies and population frequency data-
bases projections.

All forensic sciences function in a context of providing information in
one of two modes: class characteristics or individual characteristics. Class
characteristics provide a valuable number of facts about a crime scene sample
that do not reference any particular suspect. These class characteristics put
discussions of individualized investigative efforts in a context. In the area of
hair analysis, class characteristic information may include a great amount of
exclusory information in this broad contextual analysis. In these areas, we
can expect very solid evidence of exclusion of a suspect’s sample from par-
ticipation in the crime, but cannot achieve unqualified identification as is
claimed for fingerprints or DNA14 or the very solid identifications provided
by ballistics. 

In the so-called trace areas of hair, fiber, soil, paint, and glass, the pre-
dictive capabilities will vary widely, with something less or much less than
individual identification of a sample exemplar with crime scene data. So, for
each separate discipline studied henceforth (as with our non-DNA blood
spatter discussions to follow), we need to ask what this science can say and
what it cannot say. What are the basic methodologies used in this field in its
practitioner’s efforts to bring forth “identifying” evidence? How many
accepted modes are available to compare hair, soil samples, DNA, bullets,
and shell casings, etc.? How have the courts responded to these various
techniques and their exclusionary or inclusionary claims? Always remember
that the exclusionary capability of these “trace” sciences is very strong. 

In the area of hair analysis, a number of class characteristic observations
may be confirmed with a fairly high confidence level.

• Is the examined item actually hair or a fiber?
• Is it a human hair or an animal hair? If it is an animal hair, what kind

of animal is it?
• Is it male or female hair? 
• Is it infant or mature adult hair? Is the hair source a human of

Caucasian, African, or Asiatic ethnicity? 
• Does the hair appear to have been forcibly removed? If so, is there

sufficient root tissue to perform new DNA testing?
• What part of the body was its apparent source, i.e., was it a head or

pubic hair? 
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• Does the hair contain traces of drugs or other chemical content, such
as cocaine, heroin, methamphetamine, alcohol, or prescription drugs?

• Does is the hair indicate the presence and type of a shampoo product? 
• Is there an indication of some identifiable illness that may be gleaned

from hair analysis methods?

This sampling of potential contributions in the form of class character-
istic statements garnered from modern hair analyses15 illustrates the great
value in a criminal investigation of statements drawing the contextual lines
for subsequent attempts to link a particular suspect to the crime scene,
especially in the exclusion of one or a body of potential suspects.16 The
ultimate goal of all forensic science is the linking of a potential offender to
the crime scene by way of testimony as to individual characteristics, connect-
ing some physical sample obtained from the suspect to like datum from the
crime scene. A considerable portion of this book is will be devoted to the
examination of reported decisions where such linkages have been testified to
by forensic experts.

III. Discovery Issues 

Court and counsel must understand the scope and importance of pretrial
forensic evidence discovery. Just as in science-centered civil cases, such as
products liability, the lawyers must know what there is to discover. The party
seeking discovery needs a good sense of the nature, flow, and documentary
information typically present, but also must know how to read these materials
for accuracy and completeness. In inherently complex forensic areas, such as
DNA discovery, some states have drafted new Supreme Court Rules to reflect
such complexity which will be amended as the technology and accompanying
documentation change.17 However, most states have only general criminal
discovery provisions. This situation puts the burden on the party seeking dis-
covery [usually the defendant] to know what is there to discover, how it is
documented, and what steps to use over the course of the case in bringing
the questioned testing to its conclusion.

Relying on the continuing obligation for the prosecution to update its
discovery responses is illusory at best. The recent Florida case of Hoffman v.
State18 addresses this very point.

In Hoffman, a Florida murder case, the state Supreme Court held that
the prosecution was required to disclose to defendant all exculpatory results
of scientific hair analysis and that the state’s failure to do so was prejudicial
to defense requiring a reversal. The state contended that in its response to a
discovery request, it disclosed the existence of a hair analysis to defense



84 Forensic Evidence: Science and the Criminal Law, Second Edition

counsel. This disclosure, the state asserts, should have placed Hoffman’s
attorney on notice of any other evidence flowing therefrom and put the
burden on him to forward another detailed request. 

Evidence presented at the evidentiary hearing indicated that a long,
brown hair was found in the right hand of the female victim, and that hairs
were found in the clutch of her left hand. Evaluation by the state lab showed
that these hairs were Caucasian male head and pubic hairs that did not match
that of the defendant. Additionally, the head hair did not match that of the
male victim. The hair was also excluded as belonging to the female victim.
There was no indication that the state ever disclosed this report to the defense,
and the state did not argue that this report was disclosed. Instead, the state
essentially argued that defense counsel should have inquired further once
told of the existence of other hair analyses.

The Florida Supreme Court held that the state was required to disclose
to the murder defendant all results of scientific hair analysis performed upon
strands of hair found in one victim’s hands, rather than mere existence of a
hair analysis, where the test results, obtained after the state answered defen-
dant’s discovery demands, excluded defendant, his codefendant, and both
victims as possible sources of the hairs. In an important ruling, the court
found that defense counsel was not obligated to make continuing inquiries
once generally informed of existence of hair analyses, and a state serologist’s
trial testimony indicating that hairs had been recovered from murder scene
was not equivalent of proper disclosure.

IV. Matching Statements

A forensic expert is permitted to make any absolute claims of a match between
a crime scene item and the defendant in a very limited number of occasions.
A majority of the forensic sciences, including DNA, does not support any
such claims, and the courts have consistently refused to allow any such
testimony or prosecutorial glosses of this type in closing arguments. Finger-
print and ballistics, two forensic science areas where absolute identifications
are permitted, have been questioned in an increasing number of cases. The
recent FBI Brandon Mayfield fisaco19 has raised a red flag about the genuine-
ness of any absolute fingerprint accuracy. Francis Bacon’s fear that scientists
may give out a dream of our imagination for a pattern of the world,20 is still
a major concern of criminal defense lawyers in cases involving some contri-
bution of forensic science experts. Statements of forensic scientists, wrapped
in impressive credentials, and complex foundational testimony, have always
put a shine on prosecution witnesses’ testimonies and glazed an entire case
with an aura of certainty that it may not possess. This white coat and resumé
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problem is especially acute where adequate forensic financial support for
indigents is typically not forthcoming.

Terms allowed by courts to support the “identification” of a crime scene
hair, for example, with a sample taken from defendant, have included the
following:

• Match (Reversible error in most states)
• Compatible with
• Consistent with
• Similar in all respects
• Not dissimilar
• Same general characteristics
• Identical characteristics
• Could have originated from
• Cannot be eliminated

These conclusory linkage pronouncements and variations on them are
the meat of forensic testimony in a wide variety of crimes and forensic
disciplines. Not that such testimony is grossly unfair and a fraud on the court.
It is quite the contrary. This something-less-than-certain opinion has a pow-
erful effect on a jury. It may essentially be deemed to support the basic
common sense of the jury as to its understanding of the culture and the
historical connection between and among events. This kind of opinion might
even be seen as the scientific contribution to the venerable who-is-kidding-
who test known to all jurors from the earliest years. The Cecil Sutherland
case discussed in Chapter 2 is illustrative of this phenomenon.

This important issue was recently discussed by the U.S. Seventh Circuit
Court of Appeals in the case of Buie v. McAdory,21 an important 2003 Seventh
Circuit Court of Appeals decision. In Buie, the court addressed the central
issue of the constitutional propriety of an expert’s opinion couched in terms
of consistent in all respects and reasonable degree of scientific certainty. After
the affirmance21 of his state conviction for murder, and exhaustion of state
remedies, defendant filed a petition for federal habeas relief. The U.S. District
Court for the Northern District of Illinois denied the petition but granted a
certificate of appealability. The court of appeals held that the trial court’s
admission of a prosecution expert witness’ testimony that allegedly overstated
the degree of confidence of a laboratory match made between hair strands
by use of the phrase “reasonable degree of scientific certainty” did not violate
due process.

Buie’s principal argument was that the trial judge violated the due process
clause by permitting an expert witness to overstate the strength of her con-
clusion. Police found some strands of hair on victim Ervin’s clothing and
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among shards of glass on the basement floor. (Ervin had been beaten with
a bottle as well as a hammer.) Maria Pulling, who Buie acknowledged to be
a legitimate expert in hair analysis, testified that the hair “exhibited charac-
teristics that were the same as Joel Buie’s head hair standards.” After detailing
for the jury the respects in which the hairs matched, Pulling testified that
“Within a reasonable degree of scientific certainty, I would say that the hair
came from Joel Buie.” She told the jury that her methodology did not exclude
the possibility that the hairs came from someone else, but that she thought
this probability low. She repeated these limitations on cross-examination. Buie
presented a hair expert of his own, who testified that Pulling had overstated
the degree of confidence allowed by tests available at the time. He did not,
however, examine the hairs himself, conclude that they came from someone
other than Buie, or even opine that the set of potential donors for these
strands was particularly large.23

Defendant petitioner argued that the Constitution forbids any expert
witness to misstate scientific conclusions in a criminal prosecution. The
Court observed that it was far from clear that Pulling did this:

…she and the defense expert debated the accuracy of hair analysis,
and Buie does not cite any scientific literature establishing that
Pulling was in the wrong. “Reasonable degree of scientific certain-
ty” is a plastic phrase. Let us assume, however, that Buie’s expert
had the better of the argument. Still, to obtain collateral relief,
Buie must show that the state’s decision “was contrary to, or
involved an unreasonable application of, clearly established federal
law, as determined by the Supreme Court of the United States”
(citations omitted.) No decision of the Supreme Court “clearly
establishes” that experts (or any other witnesses) must be right;
the constitutional rule is that the defendant is entitled to a trial
that will enable jurors to determine where the truth lies. That a
witness may give false or mistaken testimony therefore is not an
independent Constitutional violation. What the Constitution pro-
vides is assurance that evidence may be tested by cross-examination
and by contrary proofs. Whether a given expert witness overstated
her conclusion is meat for cross-examination, and no one im-
paired Buie’s ability to elicit from her how likely (or unlikely) a
“reasonable degree of scientific certainty” was in her vocabulary.24

The court also noted that the state paid for an expert witness to evaluate
the issue and testify on behalf of the defense.

The court concluded that although the Federal Constitution may be
offended when probative exculpatory evidence is pointlessly excluded, no



Hair Analyses 87

comparable rule condemns the admission of evidence that the defendant
deems untrustworthy, as long as the state affords the defendant the means
to demonstrate its weaknesses (and its use does not violate the confrontation
clause):

Informants may be lying, eyewitnesses may be tricked by their
own memories, and experts may produce flawed analyses. The
tools of the adversary process supply the means to expose these
testimonial shortcomings. The Constitution does not impose Fed.
R.Evid. 702 on the states, let alone require that federal courts
scrutinize line by line the state-court testimony of experts con-
ceded to be competent.25

Hair is class evidence and thus it is not possible to determine that a
questioned hair sample came from a particular individual to the exclusion
of all others. However, as long as a match is not claimed, and there is a
sufficient number of variants compared and found consistent, or not dissim-
ilar, etc., such particular transactional facts can often resolve a factual dispute
in the eyes of a jury. The specific case analyses that follow, especially in the
Moore and Williams prosecutions, illustrate this central point.

While macroscopic and microscopic characteristic variates used by the
forensic examiner in the comparison of hairs can be used to distinguish
between hairs from different individuals, no systematic attempt to develop
data on the frequency of those characteristic variates in study populations
has been made as there has in DNA analyses.26 The lack of such population
databases that would be useful in determining the chances of any such
“match” occurring in the general population here, as in most of the forensic
sciences, is of major concern to students of the criminal justice system.27

V. Recent Case Discussions: Qualifications

The qualifications of a forensic expert are a key component in the acceptance
or rejection of the expert’s opinion and supporting methodology by a jury.
It is important to keep track of all such cases in an attempt to gauge the level
of expertise that will suffice in the nation’s criminal trials. Currently no
standard is used in each of the disciplines that has gained acceptance in the
courts. Efforts are underway by distinct disciplines to achieve this, but no
agreed-upon level of education, training, and experience.28

In Wentz v. State,29 a proffered hair analyst testified on voir dire that she
was employed by the Indiana State Police as a forensic serologist and hair
analyst, that she held an associate in arts degree and a bachelor of science
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degree, that she attended an eighteen-week state police training program for
hair analysis, that she had passed the required proficiency tests, that she had
attended the FBI Academy of Hairs and Fibers, and that she belonged to the
Midwestern Association of Forensic Scientists, which was sufficient to qualify
her as an expert. The court found no violation of Indiana Evidence Rule 702,
and concluded that had defendant’s counsel objected to her qualifications,
the result would have been the same. This unimpressive background would
no doubt pass muster in most states.

In the case of State v. Duncan,30 a murder case, defendant appealed, in
part, questioning the qualifications of a hair analyst with regard to dog hairs
from defendant’s dogs found in the victim’s home. The trial court was found
to have acted within its discretion in admitting expert testimony that several
hairs found in victim’s home were consistent with a sample of hairs obtained
from defendant’s dogs.

The state called Bill Gartside, a criminologist in the DNA serology section
of the Nebraska State Patrol laboratory, who had examined a number of hairs
from victim Bennett’s home and found that several were consistent with a
reference sample of hairs collected from Duncan’s dogs. Duncan objected to
Gartside’s qualifications as an expert in hair analysis and made a motion
in limine to preclude Gartside from offering any testimony regarding hair
analysis. It was Garside’s position that the dog hairs were carried into the
victim’s home on the defendant’s clothing or shoes, and were left as he moved
through the defendant’s residence.

The Nebraska Supreme Court ruled that the trial court acted within its
discretion in determining that criminologist was qualified to testify as an
expert witness in the field of hair analysis, where the criminologist testified
that he worked in the DNA serology section of State Patrol laboratory, where
he examined evidence for blood, body fluids, and hairs; had received spe-
cialized training in his field, and had authored published articles and papers
related to his work. He also described the procedures used to examine hair
and estimated that he had probably looked at “thousands” of hairs in his
career. The trial court acted within its discretion in admitting expert testi-
mony that several hairs found in murder victim’s home were consistent with
a sample of hairs obtained from defendant’s dogs and that expert testimony
could have assisted jury in determining if defendant was guilty of victim’s
murder.31

The discussion of the response to the claims of forensic hair analysis by
contemporary courts begins with a detailed examination of two important
decisions by Indiana’s appellate court and Supreme Court in the case of
McGrew v. State.32 These two opinions merit close attention because they
address the very foundations of forensic hair analysis, focus on the key
concerns of lawyers, and provide a clear example of the potential conflict
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between the methodology of observation-based forensic sciences and the
constitutional requirement of proof beyond a reasonable doubt.

In the McGrew case, the defendant was charged with deviate sexual
assault. The state alleged that McGrew struck up a conversation with the
victim, whom he had met before, in a local tavern. They traveled to several
other bars to continue their conversations. On their way to a final destination,
they drove in defendant’s automobile, until the defendant pulled onto a dead-
end road to urinate. The victim testified that when he returned he entered
on the passenger side, instructing her to move behind the steering wheel.
After a brief period of talking and kissing, McGrew forced her to perform
oral sex on him.33 McGrew was indicted on a charge of criminal deviate
conduct.

Two weeks after the incident, several hairs were recovered from an area
near the center of the front seat, and were compared with head and pubic
hair samples obtained from both the victim and the defendant McGrew.
Upon defense motion, a hearing was held outside the presence of the jury to
determine the admissibility of proffered testimony by Carl Sobieralski, a state
police DNA analyst, who was also trained in hair analysis and did the com-
parisons of the hairs taken from McGrew’s automobile. McGrew moved to
exclude Sobieralski’s testimony, asserting that microscopic hair analysis had
never been empirically tested and that, accordingly, any findings by an expert
such as Sobieralski, were too uncertain to be scientifically reliable. The trial
court denied the motion, observing that expert testimony focused on micro-
scopic hair analysis had recently been allowed in Indiana courts. Therefore,
any issues regarding the reliability of the results went to the weight, and not
the admissibility, of Sobieralski’s testimony. The trial judge acknowledged
that microscopic hair analysis was not a traditional scientific evaluation, but
rather, was simply a person’s observations under a microscope, much like an
expert in handwriting analysis comparing handwriting exemplars.34

Sobieralski then testified, over McGrew’s objection, that examination of
the hairs retrieved from his car revealed a hair dissimilar to McGrew’s head
hair sample, but sufficiently similar to the victim’s head hair sample to be of
common origin, thus evidencing her presence in that area of his car. However,
the opposite result was obtained when Sobieralski compared a pubic hair
recovered from the car with McGrew’s pubic hair sample. Sobieralski
acknowledged that he was not testifying the hairs found in the car were from
the victim’s head and McGrew’s pubic region, only that they were sufficiently
similar to her head hair and McGrew’s pubic hair.35 

The Indiana Court of Appeals observed that while Indiana had previously
used the spirit of the general acceptability standard of the Frye case, the
Indiana Supreme Court had made it clear that expert scientific testimony
was no longer admissible unless the court was satisfied that the scientific
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principles upon which the testimony rests were reliable, a precondition to be
imposed on all scientific evidence, regardless of whether the underlying prin-
ciples were based on novel science or were rooted in established principles.36

Once the court has determined that the particular scientific technique is
capable of producing reliable results, however, any questions regarding the
reliability of a specific testing procedure, or the results of a specific test, go
to the weight of the scientific testimony and not its admissibility.37 

In this case, the court noted, the trial court did not expressly take judicial
notice of the reliability of the scientific principles supporting microscopic
hair analysis. In fact, it was apparent that the trial judge did not consider
hair analysis to be a “traditional” type of scientific evaluation requiring the
proponent to lay a foundation of reliability. The court observed that while a
colorable argument could possibly be made to support this view, neither
party had argued that microscopic hair analysis was non-scientific testimony
exempt from the foundational requirement imposed by Evid.R. 702(b).38 It
seemed clear that in the McGrew case the court was dealing with more than
just a visual observation of a hair under a microscope. In that sense, the court
ruled, there were therefore “scientific principles” intimately and necessarily
involved in the process that led to the expert testimony.39

The appellate court carefully noted that the “scientific” principles at work
in this case were far from sophisticated assurances of reliability and of pro-
bative value:

As noted, the conclusion of microscopic hair comparison is usually
couched in terms merely of “similarity,” “might be,” or “could be.”
Such testimony does not lend itself to categorization as evidence
of meaningful probative value. This deficiency has prompted a
good deal of the debate concerning admissibility of hair analysis
by comparison microscope. Early on, at least one commentator
noted that hair analysis by microscope was primitive even in 1982
and not the best technological device to produce meaningful hair
analysis evidence. The author proposed that hair analysis evidence
was underemployed because of the valid criticism of less conclu-
sive methods such as by comparison microscope, and that “the
modern hair analyst has tools more powerful than the microscope
… and that the analyst can make many findings more specific
than a general conclusion that two hair samples appear similar.”40 

The appellate court made it clear that it was not concerned whether hair
analysis could be made more meaningful to a criminal jury or whether it
could be made meaningful at all, but assuming that hair analysis could aid
the jury in its deliberations and might be relevant, the task is simply to
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determine whether an appropriate and adequate foundation preceded the
admission of the expert opinion.41 

During trial, the expert Sobieralski explained that microscopic hair anal-
ysis consisted of visually examining the hair samples side by side under a
comparison microscope, looking at a number of different physical charac-
teristics, such as the cortex, cuticle, root, tip, cortical fusi, ovoid bodies,
pigment and pigment dispersal, cuticle thickness, gaping, and whether the
hair had been dyed or specially treated. If, upon comparison, the hairs were
found to be sufficiently similar, he would make a determination that they
could have come from the same person. He defined “sufficiently similar” in
the context of microscopic hair analysis with the following example:

(I)f I took that pubic hair and dropped it into a pile of standards
that was pulled from [the victim, J.W.], I’d be able to tell the
difference. But when I dropped [the pubic hair recovered from the car]
into a pile of standards of (McGrew), I could not tell the difference
between them.42

The Court of Appeals, while noting that microscopic hair analysis has
been routinely admitted by state and federal courts for many years with little
skepticism,43 found here that the state witnesses’ bald assertions totally failed
to present any evidence to satisfy the first three prongs of Daubert:

Upon questioning by McGrew’s counsel and the trial court, Sobi-
eralski acknowledged that he was not aware of any error ratio for
the technique, nor was he aware of any articles or journals dis-
puting the methodology. He also admitted that he did not know
the statistical percentages of certain hair characteristics in the
general population or the probability of a particular hair sample
coming from persons other than McGrew or J.W. The court em-
phasized that expert Sobieralski did make the bald assertion that
microscopic hair analysis was accepted in the scientific community,
but did not describe which scientific community nor expound
upon the degree of acceptance.44

Here, the appellate court ruled that the trial court erred in admitting
Sobieralski’s testimony. The court emphasized that it was not establishing a
per se rule of unreliability and hence inadmissibility for microscopic hair
analysis. It was obvious, from the cited sources in the area, that the method-
ology had been to a degree tested and peer-reviewed, and that an expert
could conceivably come to court prepared with sufficient information in the
form of data, studies, and scholarly articles to meet at least three of the
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Daubert prongs. Here, however, the state mistakenly believed that a Daubert
reliability foundation was only required for novel scientific techniques, and
thus did not even attempt to lay a requisite foundation.45

The evidence that hair found in McGrew’s car “probably” came from the
victim’s head was merely cumulative of McGrew’s admission that J.W. was
in his car. The same could not be said, however, of Sobieralski’s testimony
that a pubic hair found on the front seat was substantially similar to
McGrew’s. In this case, the court noted, the conviction rested in large part
upon the victim’s credibility. The pubic hair comparison was the only physical
evidence corroborating her claim that McGrew removed his pants. Defendant
had not admitted to disrobing in his car and there was no medical evidence
that an act of sexual deviate conduct had occurred.46 The pubic hair testimony
would most likely have had a considerable influence upon the mind of the
average juror because it was the only evidence implying that McGrew exposed
his genitals:

This impact was heightened by the special aura of trustworthiness
surrounding expert testimony, and the fact that, in the case of
microscopic hair analysis, jurors do not generally have the oppor-
tunity for direct evaluation… We conclude that the erroneous
admission of the pubic hair evidence constitutes reversible error
because, reviewing the record as a whole, there is a substantial
likelihood that this evidence contributed to the conviction.47

In the Indiana Supreme Court’s decision in McGrew v. State,48 the court,
with misgivings, reversed the appellate court’s decision and reinstated
McGrew’s conviction, noting that the court of appeals found that the trial
court erroneously admitted the expert testimony on hair comparison analysis
and reversed the defendant’s conviction. At the trial, the court observed, imme-
diately prior to the hair analyst’s testimony during the trial, the defendant
challenged the admissibility of the hair comparison analysis under Indiana
Evidence Rule 702(b). In a hearing outside the presence of the jury, the
defendant called the Indiana State Police analyst to the stand.

When asked by the defendant what scientific principle is used to base the
reliability of hair sample technique, the analyst testified, Scientific principle?
It’s just simply a physical comparison of one hair directly to another one. He
testified that he used a microscope to make a physical comparison of one
hair to another, looking at several different physical characteristics. Specifi-
cally, he testified that he compares the medulla, cortex, cuticle, root, tip,
cortical fusi, ovoid bodies, pigment, thickness, gaping, the condition of hair,
whether the hair had been cut with a razor or scissors, and whether it had
been dyed or specially treated. He testified that these characteristics were
physically observed through a microscope.49
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The court observed that when the defendant questioned the analyst about
the statistical error ratio for hair comparison as compared to the statistical
error ratio for blood or DNA typing, the analyst testified that, while blood
or DNA typing had statistical error ratios, he was not aware of any statistics
with regard to the probability of a hair sample belonging to someone else.
This lack of information, the expert continued, was simply due to the nature
of hair comparison. The defendant had asked whether there was no other
way to determine this information scientifically, except from his or your own
physical observations. The analyst answered yes and testified that this was
accepted in the scientific community, and that there were absolutely no articles
or journals that [he was] aware of that dispute this method.50 On cross-
examination, the state elicited testimony that microscopes were generally
accepted in the scientific community, that, as far as he knew, no state disallowed
hair comparisons, and that he was an expert in the use of microscopes.51

Prior to dismissing the expert, the trial court directed several questions
to him:

Court: [I]n regard to the examination. It is simply a physical,
visual examination of the hair?

Analyst: Yes, sir.

Court: You simply say that one hair looks like another one or it
doesn’t look like another one.

Analyst: I say it’s sufficiently similar to have come from that person
or it is dissimilar.

Court: And if you say that it … [is] similar to come from that
person … that doesn’t mean that it comes from that person.

Analyst: It just simply means that it could have come from that
person.

Court: And you do not know the statistical percentages of how
many people would have similar hair?

Analyst: There are no statistics. It’s hard to say.52

In finding the evidence to be admissible, the trial court had concluded:

As I see it, what we’re talking about is not the traditional scientific
evaluation. We are talking about simply a person’s observations
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under a microscope, which is a magnification to compare some
hairs to one another, much as an expert in handwriting analysis
compares handwriting. They can’t tell you how many people out
there have the same … handwriting. They just say whether it’s
sufficiently similar. I believe that it has been accepted in the state.
Although I don’t know of any … specific cases. I know that it has
been utilized here before…. It seems to me as though it goes to
the weight of the evidence and it is, of course, highly subject to
the questions about [the] statistical comparisons and, apparently,
there are none …. but it can say that this hair looks like the other
hair….7 So what (the analyst) has observed through the micro-
scope will be admissible.53

In the present case, the Indiana Supreme Court concluded that the trial
court, contrary to the ruling of the Court of Appeals, had indeed exercised
appropriate discretion as to the reliability of the proffered hair comparison
analysis:

The analyst testified that the hair comparison he performed was
a comparison of physical characteristics, as seen under a micro-
scope. Inherent in any reliability analysis is the understanding that,
as the scientific principles become more advanced and complex,
the foundation required to establish reliability will necessarily
become more advanced and complex as well. The converse is just
as applicable, as demonstrated by the trial court’s conclusion that
“what we’re talking about is not the traditional scientific evalua-
tion. We are talking about simply a person’s observations under
a microscope.” This conclusion is not unlike our recent statement
that the evidence at issue was more a “matter of the observations
of persons with specialized knowledge” than “a matter of ‘scientific
principles’ governed by Indiana Evidence Rule 702(b).”54

The judgment of the trial court against defendant McGrew was affirmed.
The status of hair analysis as an observational discipline utilizing modern

microscopes as opposed to a novel scientific technique requiring an extensive
Daubert reliability hearing was raised again in the recent 1999 Montana
Supreme Court decision in State v. Southern.55 There, the defendant was
convicted of kidnapping, burglary, theft, and sexual intercourse without con-
sent. The victims were all older women who were sexually assaulted in the
same limited geographical area — either in their homes in Helena, Montana;
at a rural location west of Helena;, or both. The perpetrator covered each
victim’s face with an article of clothing and demanded money. All assaults
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occurred within a time span of two and one-half years (April 25, 1994 to
November 2, 1996).56

Among a host of alleged errors claimed by defendant, he cited the denial
of his motion-in-limine regarding the state’s proposed offer of microscopic
hair analysis. Southern filed a motion in limine to exclude the testimony of
a forensic scientist at the Montana State Crime Lab, who eventually testified
at the trial that she microscopically compared Southern’s hair sample to hairs
from the rape scenes and that the hair from the rape scenes was either similar
to or consistent with the defendant’s sample. Southern objected to this tes-
timony, maintaining that her testimony was inadmissible because it did not
satisfy the factors for the reliability of expert testimony that the United States
Supreme Court set out in Daubert v. Merrell Dow Pharmaceuticals, Inc.57 

The State responded that, because microscopic hair comparison was not
considered novel scientific evidence, the defendant’s reliance on Daubert was
misplaced. The Montana Supreme Court took note of the recent United States
Supreme Court ruling in Kumho Tire Co. v. Carmichael,58 that the trial court’s
gatekeeping obligation under Federal rule of Evidence Rule 702 applied not
only to testimony based on scientific knowledge but also to testimony based
on technical and other specialized knowledge. Regardless of Kumho Tire, the
Montana Supreme Court emphasized that the test of reliability was flexible
and that Daubert’s factors neither necessarily nor exclusively apply to all
experts or in every case.59

In the instant case, the court ruled that microscopic hair comparison was
not novel scientific evidence, its research having indicated that the court had
considered and so found on at least five cases since 1978 where a witness
had testified on microscopic hair comparison.60 Moreover, the court noted,
here the expert had testified that comparing hair samples with a microscope
had been done for decades. Therefore, because microscopic hair comparison
was not considered novel scientific evidence, the District Court was not in
error in refusing to conduct a Daubert reliability hearing to test its reliability.61 

The above discussion of the McGrew and Southern cases clearly demon-
strates the general acceptability or reliability of microscopic hair analysis by
recent decisions of American courts. It remains to be seen if this basic pattern
of acceptance is of sufficient substance to place this issue legally to rest, or if
it simply reflects momentary resignation in the face of the ubiquitous use of
hair analysis and its recent disfavor in comparison to mtDNA advances in
the area of hair analysis.62

Prosecutorial Characterizations of Hair Testimony 

The extent to which forensic scientists can make linking statements, given the
nature of microscopic hair analysis and the other trace evidence disciplines,
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is a question that has been the subject of a number of appellate cases and is
one of the areas of clear difference between practitioners of the forensic
sciences and those of the criminal law. This issue can be examined from the
standpoints of investigation of crime and its prosecution. Investigators quite
properly are less insistent on the legally precise linking terminology than
courts, choosing to take an expert’s statement of a match for hair, fiber, soils,
etc., as solid leads In the legal world, this difference in language query can
be understood simply by asking two questions. What can the expert legally
say? What can the prosecutor say the expert said?

In the 1991 Illinois Supreme Court decision in People v. Linscott,63 the
court extensively addressed the pitfalls of statistical evidence in relation to
hair analysis as well as the linguistic range of permissible “match” statements
by expert witnesses and prosecutors. Karen Ann Phillips, the victim, was
found dead in her apartment in Oak Park, Illinois. Police found the victim’s
body face down and naked, except for a nightgown pushed up around her
neck and shoulders. An autopsy revealed that her death was caused by several
blows to her head and strangulation. Hairs were found clasped in the victim’s
hands, in her pubic region, and in a carpet on the floor of her apartment.
These hairs were removed and tests were conducted on them as part of the
investigation.64

Three expert witnesses testified on the subject of hair comparisons. Mark
Stolorow, the coordinator of serology for the Illinois Department of Law
Enforcement, testified for the State concerning the procedures for hair com-
parison testing that were employed by the department, explaining that
through the employment of a comparison microscope, a simultaneous visual
comparison is made of the characteristics of hair samples from two different
sources. He testified that this methodology excluded classes of individuals
from consideration as suspects in an investigation and was conclusive, if at
all, only to negate identity.65

A second state expert, Mohammad Tahir, a forensic scientist for the
Illinois Department of Law Enforcement, testified regarding hair compari-
sons he performed on the hair samples taken from the victim and from the
defendant, explaining that he looked at approximately 7 to 12 characteris-
tics.66 Based upon those comparisons, Tahir concluded that certain of the
hairs found in the victim’s apartment were consistent with the samples pro-
vided by defendant. Tahir defined consistent as no dissimilarity. Tahir testified
that defendant’s hair samples were consistent with those hairs found in the
victim’s right hand, hairs found on the carpet, and two pubic hairs that were
combed from the victim’s pubic region. On cross-examination, however,
Tahir conceded that a person cannot be identified by the hairs he leaves
behind: 
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Defense: And you sure can’t determine from whose head that hair
came from, can you?

Tahir: You cannot positively say.

* * *

Q. Okay, you couldn’t even say that if you had two pieces of hair
from the same head, could you?

A. My answer is the same, what I told you (is) that you cannot say
that this hair came from this individual, only could say that it is
consistent with (sic).67

Despite this testimony, the prosecutor argued that hairs found in the
victim’s apartment and on the victim’s body were in fact defendant’s hairs.
In closing argument, the prosecutor told the jury that:

…the rug in the area where Karen was laying (sic) was ripped out
sometime later, rolled up, and shipped to the laboratory. And that
another group of hairs (was) obtained — the head hairs of Steven
Linscott. 

* * *

…he (defendant)] left eight to ten hairs of his in that apartment;
his (defendant’s) pubic hairs [were found] in her crotch; and his
(defendant’s) hairs are found in the most private parts of the
woman’s body.68

The court ruled that the prosecutor improperly argued, by these state-
ments, that the hairs removed from the victim’s apartment were conclusively
identified as coming from defendant Linscott’s head and pubic region, when
there simply was no testimony at trial to support such assertions. In fact, the
court continued, both state experts, as well as defendant’s, had all testified
that no such identification was possible. The prosecutor’s misrepresentation
of the hair-comparison evidence was compounded, the court observed, by
his argument that the mathematical probabilities that the hairs found on the
victim’s body and in her apartment came from anyone other than defendant
were minuscule. The prosecutor relied on hair-comparison studies published
by the forensic scientist Barry Gaudette for the statistics he used. The only
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testimony heard on these numerical arguments was elicited from defendant’s
expert on cross-examination. 

Because of the importance of this subject and the scarcity of judicial
discussion of it, the entire text of the cross-examination follows: 

Prosecutor: You are aware of a forensic scientist by the name of
Barry Gaudette, are you not?

Siegesmund: Gaudette is one of the proponents of x-ray analysis.

Q. Mr. Gaudette performed a study in the early to middle 70s, did
he not, with regard to the percentages and probabilities of hair
comparisons?

A. Absolutely.

Q. And his technique that he used was with a comparison micro-
scope, was it not, sir?

A. He used comparison. And he also used other microscopes.

Q. But he used a comparison microscope. The one microscope
you did not use, is that correct?

A. Yes, he did use that, also.

Q. And his probabilities came to the substance that a match be-
tween head hairs is likely in one out of every 4,500 cases, is that
correct.

A. Well, can I explain that?

Q. I’ll rephrase the question. Did he not come up with a figure
that, (in) any two individuals, the probability they would have
matching head hairs is a likelihood in one out of 4,500?

A. It depends on how many hairs you are talking about.

Q. Would you say, the more hairs you have to compare, the closer
to that figure you get?

A. The higher the probability, that is correct. 
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Q. So, in this case, if we had but one hair that Mr. Tahir linked to
Mr. Linscott, that would have that much meaning, is that correct?

A. Yes. Using the conventional techniques that Gaudette used, yes.

Q. That Gaudette used, that’s correct?

A. Yes.

Q. If you have two to three hairs, your information is a little better,
is that correct?

A. Yes. Only if you do the forty tests he recommends.

Q. Fine, if you had, approximately, seven or eight hairs, you have
more information to base it on?

A. According to Gaudette, that would give you a higher probabil-
ity. If you did the forty tests.69 

Based on the evidence at trial, the court ruled that the mathematical
probabilities from Gaudette’s study should not have been considered by the
jury. Siegesmund had made it clear in his testimony that Gaudette’s findings
in his work were based on the completion of 40 tests, not simply the 7 to 12
comparison tests performed by state expert Tahir. Because no evidence was
available that “forty tests” were ever performed in this case, no foundation
for the thesis that Gaudette’s mathematical statistics were applicable here
existed. In addition, the prosecutor in closing argument commented that the
defendant’s hair had been found at the crime scene. The Linscott court found
that the prosecutor’s comment was improper because the evidence merely
showed that the defendant was in a class of possible donors of the hair and
not that the hair conclusively belonged to the defendant. Because the evidence
in Linscott was so closely balanced, this court concluded that the improper
comment amounted to plain error.70

In most published opinions involving hair evidence, the underlying
methodology has gone unchallenged or is deemed reliable by a court to its
allegedly venerable past acceptance by courts across the nation. It bears
repeating that the existence of adequately founded expert witness testimony
has very considerable impact on a jury that may be unable or unwilling to
separate less-than-certain conclusions from the scientific patina given the
testimony by the establishing of the expert’s credentials and her description
of the laboratory procedures used in the case at hand. Again, this is not to
criticize the experts, but simply to recognize the cleansing effect that such



100 Forensic Evidence: Science and the Criminal Law, Second Edition

tentative but microscopically based forensic disciplines can have on the more
traditional types of evidence presented in criminal cases, such as eyewitness
testimony. In the past several decades, more than 200 reported decisions have
been made passing reference to the propriety of using microscopic hair
analysis in prosecutions. The following cases highlight some of the numerous
uses of microscopic hair analysis testimony made in a wide variety of fact
settings. 

In the case of People v. Moore,71 defendant was charged with first-degree
murder, home invasion, residential burglary, aggravated criminal sexual
assault, robbery, and arson. Defendant had previously worked at the victim’s
home as a house painter, and the victim was alone at her home when the
defendant returned. The victim was bound with duct tape, tied to the back
of a car, and set on fire.72 Having compared hairs found on the floor mat of
defendant’s car to known standards, a forensic scientist testified that two
hairs were consistent with the victim’s head hairs, and that one hair was
consistent with the defendant’s head hairs and showed signs of extreme heat
damage.73

Defendant argued that the prosecutor in rebuttal also overstated the
evidence when he said, Judy Zeman didn’t know that that burnt hair was in
her car that came off his [defendant’s] head…, [because] a forensic scientist
had only testified [that]the burnt hair was consistent with his hair, not that
the burnt hair was conclusively defendant’s. Defendant argued that the
prosecutor’s burnt-hair statement constituted reversible error. Here, as in
Linscott, the court ruled the prosecutor’s comment that the burnt hair in the
car came from the defendant’s head had indeed overstated the evidence.
However, unlike the evidence in Linscott, the evidence here was not closely
balanced, and the court concluded that the burnt-hair statement did not
deprive the defendant of a fair trial.74

Microscopic hair testimony involving the age of the victim was presented
in the case of State v. Williams,75 where the defendant was charged with
aggravated child abuse. The victim, the defendant’s stepdaughter, was thir-
teen months old when she suffered the very serious injuries in question.
Defendant claimed that the child had fallen from its crib when he was out
of the room.

The left side of the child’s head was bruised and swollen to such an extent
that her left ear extended perpendicular to her head. X-rays disclosed a
hematoma and fracture on the left side and back of the child’s head. A child-
abuse investigator searched the defendant’s home and in the process found
that the distance between the crib and a twin bed in the same room was
thirty and one-half inches. The investigator testified if the crib railing was
lowered, the distance to the floor was thirty-two and one half inches, esti-
mating that the distance with the railing raised would be approximately
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forty-four and one-half inches. During the course of the search, the investi-
gator noticed a louvered door that was broken and off its track and contained
a blonde hair in a broken slat found on the kitchen table. A hair sample of the
victim was obtained and subsequently sent to the Federal Bureau of Investi-
gation Crime Lab for comparison with the hair found on the broken slat.76

Dr. Donald Lewis, a pediatrician at Holston Valley Hospital, testified that
his examination of the child victim revealed a hematoma to the left side of
the child’s head and a fracture to the right back portion of the child’s skull.
He testified that this was not the type of injury that could conceivably result
from a thirty-two-and-one-half-inch fall to a carpeted surface. He also tes-
tified that the injuries were the result of more than one impact. Because the
skull of a thirteen-month-old infant was considerably more pliant than that
of an adult, it would take significantly more force to cause trauma to a child’s
skull. In his view, a fall onto a tiled surface would cause less significant injuries
than those suffered by the victim, and that these injuries were consistent with
the child being struck with a cornered or edged object and that swinging the
child into a louvered door would be one possible scenario as to how these
severe injuries occurred.

Clealand Blake, an anatomic pathologist with twenty-eight years’ expe-
rience, who had examined more than one hundred children, many of whom
were victims of head injuries, examined the child victim here and observed an
enlarged lymph node near the fracture, which was consistent with the body’s
reaction to injury. The child’s left eyelid and left ear still showed some residual
bruising and, based upon the pictures taken at the hospital, the injuries seemed
to be approximately thirty-six hours old. Dr. Blake was of the opinion that
the child’s injuries could not conceivably have occurred as a result of falling
two feet, two and one-half feet, or three feet off a bed onto a carpeted floor
or even a vinyl floor, commenting that it takes a fall from above a third-story
window onto a hard surface for a child to experience such a major head injury.
He also opined that there were at least two major injuries to the head of the
victim in the case.77

Wayne Oakes, a supervisory special agent with the FBI crime laboratory,
testified that the blonde hair found in the slat had been forcibly removed and
showed no microscopic differences from the hair taken from the child’s head
during her examination by Dr. Blake. While conceding that microscopic hair
analysis did not provide an absolute personal identification, based upon his
experience, the hair found on the slat came from a very young child and
contained no bleach or dyes.78

In the Arkansas Supreme Court decision in Suggs v. State,79 a first-degree
murder case, the defendant was accused of murdering his girlfriend, Debbie
McKenzie. Defendant challenged the opinion of State Criminalist Don Smith,
who testified that he was given hair samples from Debbie McKenzie’s body
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and from Suggs, and he compared those samples with hair found on a tennis
shoe belonging to the defendant, concluding that the hair found on Suggs’ shoe
was McKenzie’s. However, defendant noted that expert Smith agreed with
the statement that the scientific field of microscopic hair analysis cannot
prove the hair came from a certain individual to the exclusion of any other
person, thus rendering his testimony in error.80

Here, the appeals court held, the trial court correctly qualified Smith as
an expert concerning the field of trace evidence. Smith testified that, as a
criminalist, he dealt with scientific evidence and trace evidence or residues
recovered at a crime scene, which includes such things as hair. His training
was in specialized areas of hair analysis, including experience with the FBI
lab and St. Louis Metropolitan Police lab. The court observed that after having
been qualified as an expert, Smith went into considerable detail concerning
the analysis performed on Suggs’ and McKenzie’s hair samples and how those
samples were analyzed and compared with the hair found on Suggs’ tennis
shoe. Suggs’ counsel then took the opportunity to thoroughly cross-examine
Smith concerning his qualifications and whether he could actually prove the
hair on Suggs’ shoe belonged to McKenzie. The court concluded that both
sides did a more than adequate job of airing the hair analysis issues and that
the weight to be given his testimony was for the jury. In sum, the trial court
did not err in allowing Smith’s testimony.81

Many interesting and illustrative cases that address various aspects of the
use of microscopic hair analysis can be found in American criminal trials.
These cases are deserving of brief attention in this chapter.

In the case of Pruitt v. State,82 decided by the Georgia Supreme Court in
1999, defendant was accused of the rape and murder of a 10-year-old female
victim who lived in a trailer next door to his ex-wife’s trailer, where he was
staying the night. The police became suspicious of Pruitt due to the descrip-
tion of his movements during the last few hours before the estimated time
of death. The police noticed that he had scratches and cuts on his hands and
found bloodstains on the clothes Pruitt had been wearing the previous night.
Given the strength of the Locard Principle, discussed in Chapter 2, that close
physical encounters inevitably result in trace transfers of hair and fiber, and
the reality of the considerable physical interaction in rape-homicide settings,
it is rare that any such cases will depend solely upon hair analysis. Here,
inside the victim’s bedroom, hairs consistent with Pruitt’s head hair were
found on the bedroom floor, a bedsheet, a pillow, and the victim’s body,
panties, socks, and shirt. Hairs consistent with Pruitt’s pubic hair were also
found on the bedsheet and the bedroom floor. Considerable other forensic
evidence was found at the scene and testified to at trial.83 

The defendant was convicted of murder in the first degree of his wife in
the 1999 case of Commonwealth v. Snell.84 Here, the victim had obtained a
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protective order and an arrest warrant against the defendant. The next day,
when the victim’s children were unable to reach her, police were called and
located the victim’s body in the family home. The medical examiner con-
cluded that the victim had died as a result of asphyxia due to smothering,
and recorded seventeen injuries on the victim’s body that were inflicted
contemporaneously or within minutes of the time of her death.85

In attacking the entirety of the crime-scene investigation, defendant
argued that the police had not sufficiently investigated the case, in particular,
by failing to gather evidence that might have exculpated him. Specifically,
defendant argued that the court erred in failing to continue the case to permit
further DNA testing on hairs found on the blanket used to cover the victim’s
body. Testing had previously determined that some hairs recovered from
the blanket were consistent with the victim’s hair, and that seminal fluid
on the blanket probably came from the defendant. The trial court ruled that
the onus was on the defendant to explain the delay and to establish a need
for further testing. The court determined that there was no basis seen in the
testimony of the defendant’s chemist, or elsewhere, to indicate that further
testing of hairs found on the blanket might furnish exculpatory evidence.
Hence, the trial judge properly ruled that further delay was unwarranted.
Obtaining sufficient, or any, funding for purposes of conducting forensic
testing for the defense is directly related to the quality of the demonstration
of what could be potentially exculpatory. The Massachusetts Supreme Court
made an interesting observation with respect to such requests:

The defendant’s expert removed approximately 300 hairs from the
blanket. Some were animal hairs and some were human hairs. The
expert testified that examination for trace evidence was important,
if there was nothing else. He did not say that failing to look for
trace evidence might show something wrong with the investiga-
tion. He indicated that it was the decision of the investigators,
based on what they felt was necessary at the time. The expert
testified to the presence of five separate categories of hair found on
the blanket, but did not suggest the hair had come from different
people. It may have come from only two people. The defendant
lived with the victim in the marital home.86

The initial lack of adequate funding in most jurisdictions illustrates the
“Catch 22” nature of any such motions.

In State v. Ware,87 a 1999 Tennessee appellate court decision, defendant
Paul Ware was indicted in 1994 for felony murder and multiple counts of
rape of a child. Defendant was staying with the victim’s mother and according
to the state, sexually assaulted the child after the mother and friends left the
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residence to go to a tavern. Significant issues in this case involved certain
hairs found on and inside the child’s body. During the autopsy, a “reddish
hair” was found that was stuck to the victim’s lip, a dark-brown body hair
that was “partly touching … the mucosa of the rectum and partly touching
the skin of the anus,” and a reddish pubic hair from the victim’s pharynx.
The defendant had hair coloring that was deemed red or auburn. In a hor-
rifying rendition of the autopsy findings, the pathologist testified that with
regard to the dark-brown hair, “it would take direct contact and a little
pressure applied to get that hair to stick to the mucosal lining in the rectum….
Any handling of the body, moving of the body from one place to another,
examination of the body by a person or persons could potentially be sources
of contamination to supply loose hair….” Furthermore, he testified that the
pubic hair found in the victim’s pharynx was highly unusual. He explained
that a normal, breathing, living person would not be expected to tolerate a hair
in this location because any intrusion into this area would trigger a cough
reflex.88

Special Agent Chris Hopkins of the FBI Hair and Fibers Unit character-
ized the hair that was found in the victim’s pharynx as a “red Caucasian pubic
hair,” which had been “naturally shed.” He also discussed “at least ten red
Caucasian pubic hairs” that were taken from the sheet on the bed where
defendant admitted he had placed the sleeping victim. He testified that pubic
hairs were naturally shed from putting on and off your underwear, changing
clothes, or taking a shower. He also stated that pubic hairs may be naturally
shed when one person rubs against another. Agent Hopkins explained that
the hairs on the sheet were very significant:

(W)hen hair or fibers fall on a piece of evidence, they tend not to stay
there very long…. (I)f there is no activity in (a) bed, then you would expect
the hairs to stay there because there is no reason for them to move around,
but if someone is using that bed on a regular basis, … you wouldn’t expect
those hairs to stay there. 

He also stated, “I would not expect to find that many pubic hairs in [a]
bed that has just been slept in.”89

Hopkins opined that all hairs, the hair from the victim’s pharynx and
those from the sheet, were consistent with originating from the [d]efendant.
As in all other cases, when pressed, he testified that hair comparison was “not
capable of individual identification and thus he was unable to state conclu-
sively whether the hairs belonged to the defendant. However, he did conclude
that Carl Sanders, Danny Gaddis, and Paul Crum, the other men in the home
at that period, were each eliminated as being potential sources of the pubic
hairs.90

Agent Hopkins also concluded that the hair found on the victim’s lip was
red in color and was likely a chest hair. He stated that the hair removed from
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the victim’s anus was a brown Caucasian body hair and therefore was “not
suitable for comparison,” explaining:

The only two regions, the only two types of hairs that are suitable
for comparison purposes are… head hairs and pubic hairs….
Hairs, other hairs than head hairs and pubic hairs, these body area
hairs or hairs on your arms or your legs, they tend to look like
other people’s hair, so there’s not a significant association that can
be made when comparing those hairs.91

Despite some evidence suggesting that the defendant may not have com-
mitted the crime, there was clearly substantial evidence presented at trial in
addition to the crucial hair testimony indicating that the defendant did
commit the crime. As noted above, sufficiently clear and well-presented trace
evidence, such as microscopic hair analysis, can lend significant support to
the credibility of nonscientific evidence, which typically constitutes the
greater part of the state’s proof.92

In Manning v. State,93 a 1998 Mississippi Supreme Court decision involv-
ing numerous aspects of forensic science, the defendant was charged with
the double homicide and armed robbery of two college students. The State
called Chester Blythe, a special agent with the FBI, to testify as an expert in
the field of hair analysis. He testified that he could microscopically determine
if the hairs looked alike and determine with some degree of certainty,
although not absolutely, if hairs, for example, found in vacuum sweepings
from an automobile, originated from a particularly named individual. He
also testified that in the two specimens he had, which were collected from
victim Tiffany Miller’s car, he was able to determine that hairs found in these
specimens exhibited characteristics associated with the black race.94

Defendant argued that hair analysis was “latter-day voodoo.” The court,
disagreeing, stated that hair-analysis expert testimony was admissible, finding
it to be a very useful tool in criminal investigation. Here, the expert did not
claim that the hair matched that of the defendant, but only that the hair came
from a member of the black race. He also admitted that his expertise could
not produce absolute certainty. This did not invade the province of the jury,
the court stated, but left the matter to it to decide if these were Manning’s
hairs or not.95

In another case involving child victims, State v. Butler,96 a 1998 Missouri
ruling, the defendant was convicted of one count of sodomy, one count of
felonious restraint, and two counts of armed criminal action, arising out of
the sexual assaults upon two minor males. The victims described the man
as about five feet, seven or eight inches tall, 170 lbs., with brown curly hair
that came down from under a dark baseball cap, wearing a dark tee shirt,
shorts, and tennis shoes. The defendant, who lived in the same mobile-home
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park, became a suspect, and head and pubic hair samples were taken from
him. The major point on appeal concerned the state’s expert testimony with
regard to an unknown head hair recovered from victim J.L.’s shirt, and the
unknown pubic hair recovered from J.L.’s underwear.

The state expert forensic chemist testified the unknown hair came from
the same person. She admitted that microscopic hair analysis was unable to
positively identify individuals based on hair comparison. She testified that
there were not as many distinguishing characteristics in hair as in DNA
samples or fingerprints, so that a criminalist could not tell what percent of
the population could have contributed that hair, and the opinion would be
subjective but based on experience. As to the head hair samples, she stated:
I feel there is a very strong probability that those two hairs came from the
defendant.97 Her opinion was based in part on an unusual spot on a certain
part of the hair found on the victim, which also appeared in the same spot
on Butler’s hair. The witness testified that she could, within a reasonable degree
of certainty, testify that the unknown hairs were in fact from the defendant.

Defendant argued that the circumstantial evidence of the match between
his head and pubic hair with those taken from the victim’s clothing was
insufficient, and without other evidence of the defendant’s involvement, the
state’s case was insufficient. The court noted that the issue raised here did
not depend upon the admissibility of hair testimony, but rather, the lack of
certainty inherent in the discipline of hair examination and the inability of an
expert to quote statistical support as in DNA contexts:

This court is mindful of Butler’s contention the only thing linking
him to this crime is the opinion evidence of the state’s forensic
expert, but, … that evidence is sufficient to sustain the verdict
reached by the jury. The jury here was free to reject Butler’s as-
sertion he had been at the park’s swimming pool the afternoon
in question and the hairs could have been picked up by the victim
during the afternoon when he may have been swimming at the
same pool. The expert’s testimony was admitted into evidence,
and was sufficient to allow the jury to find that the head and pubic
hairs found on the victim which contained the same characteris-
tics and unusual mark as those of Butler, were Butler’s hairs, and
conclude that Butler was the assailant.98

VI. Mitochondrial DNA [mtDNA] and Hair Analysis

The most recent important development in the forensic examination of hair
is the increasing use of mitochondrial DNA (mtDNA) testing of hairs as a
backup or replacement for the traditional microscopic examination and
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comparison of hair samples from the crime scene and those associated with
the defendant.99 The overwhelming number of forensic microscopic hair
examinations have been and continue to be core methodology for forensic
hair examinations. That situation is rapidly changing as a series of new cases
address and approve the use of mtDNA analysis in these cases. Because
mtDNA analysis is certainly the future for forensic hair analysis, the following
sections turn to analysis of several of the most important mtDNA cases
in both state and federal courts, considering the leading case of State v.
Pappas,100 a 2001 Connecticut Supreme Court decision where defendant was
convicted of bank robbery, in part, by hair expertise linking to the crimes by
the use of mitochondrial DNA analysis. The clarity and detail of this central
mtDNA opinion warrants extensive examination here.

During their investigation, the police recovered two head hairs from a
sweatshirt (questioned sample) that had been recovered following the robbery.
The FBI performed an mtDNA analysis of the questioned sample and the
defendant’s head hair (known sample), compared the results and concluded
that the defendant could not be excluded as the source of the questioned
sample. Before trial, the defendant moved to exclude all evidence regarding
mtDNA testing and analysis and, pursuant, requested a hearing as to the
reliability of mtDNA testing and analysis. During the hearing, the trial court
heard testimony from the state’s expert, FBI Special Agent Mark Wilson, and
the defendant’s expert, William Shields, a professor of biology.

Wilson testified about DNA generally, the mtDNA extraction process,
and the statistical significance of a match of mtDNA types.101 He testified
that DNA was located in two places in humans, the vast majority of which
is stored within the nucleus of a human cell and is known as nuclear DNA.
Nuclear DNA consists of approximately three billion base pairs, and the
particular sequence of the base pairs in nuclear DNA makes each individual
unique and accounts for our genetic traits. Wilson explained that mitochon-
drial DNA, or mtDNA, differs from nuclear DNA with respect to its location
within a cell, its uniqueness among individuals, sequence length, and its mode
of inheritance.

First, mtDNA is found within mitochondria, which are circular struc-
tures surrounding the cellular nucleus that provide a cell with energy. Second,
mtDNA, unlike nuclear DNA, cannot be used to establish positive identifi-
cation because mtDNA consists of but a single marker that is approximately
16,569 base pairs in length. By comparison, nuclear DNA consists of approx-
imately three billion base pairs and many discrete markers, or loci, that can
be compared to establish a positive match between DNA samples.102 Wilson
explained that, because mtDNA has only one marker, the probability of a
random match is much higher between mtDNA samples than between
nuclear DNA samples. Thus, according to Wilson, mtDNA is significantly
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less probative of identity than is nuclear DNA. Third, whereas nuclear DNA
is inherited from both parents, mtDNA is inherited maternally.

The trial court, in its oral decision, extensively summarized that process
as follows:

The first step in an mtDNA analysis of a hair sample is to perform
microscopic analysis. If the hairs appear microscopically similar,
the mtDNA analysis is performed to determine on a molecular
level whether or not the hair is consistent with (hair) originating
from a particular person.103

The next step is a washing step to remove any contaminating
materials surrounding or coating the evidentiary sample. The next
step is DNA extraction where the homogenate obtained by placing
the hair sample in a solution and (while) grinding and shearing
it is exposed to a mixture of organic chemicals which separate the
DNA from other biological molecules such as proteins. The or-
ganic mixture is spun in a centrifuge, and the DNA is soluble in
the top, water-based layer, while the rest of the cellular compo-
nents are soluble in the bottom, organic layer, or in the interface
between the two (layers). The top layer is then removed and fil-
tered for further separation from the other cellular materials.

The next step is amplification by Polymerase Chain Reaction
(PCR). PCR is a technique which takes a small amount of DNA
and copies it in a process known as amplification. The two strands
of the DNA helix are separated from one another, which is ac-
complished by heating the sample. At this point, the original DNA
molecules in the extract, called the templates, separate into their
component strands. A new DNA strand is made by using an
enzyme that copies the existing DNA molecule. This copying pro-
cess is repeated a number of times and, during each repetitive
cycle, the amount of DNA in the reaction is doubled. At the end
of this process, many more copies of the original DNA in the
extract are present.

The next step is known as post-amplification purification and
quantification. This is to determine how much product was gen-
erated by PCR. This step is completed with a capillary electro-
phoresis machine. Blank samples, which contain no DNA, and
known control samples are used to assess the amplification of the
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samples (to ensure that a sufficient number of copies have been
made).

The next step is sequencing. The method of DNA sequencing is
known as Sanger’s method. This technique uses the process of
DNA synthesis to accomplish the determination of the sequence
of bases in an individual’s mtDNA. The sequencing process differs
from PCR in that another set of the A, G, C, and T bases, with
slight chemical differences, is added to the reaction mix. These
bases differ from the normal bases in that they lack a chemical
group that would normally allow the enzyme to place another
base after them. These altered bases also carry a fluorescent dye
which is readily detected by an automated machine. As they be-
come incorporated into the growing DNA strand, the process of
synthesis ends due to the inabilities of the enzyme to add another
base to the altered fluorescent one. The sequencing reaction is
subjected to thermal cycling, just as in PCR. The normal bases
compete with the altered bases for incorporation into the new
strand and what results is a collection of DNA products which,
when pooled, have altered bases inserted at every possible position
in the area to be sequenced.

The next step is sequence determination. The many products re-
sulting from the sequence reaction are separated based on their
length through gel migration. The size of the pores in the gel
matrix regulates the distance that each DNA product travels. These
products all begin from the same starting point on a gel and the
fluorescence detector from the sequencing machine reads off
the bases as they occur from the bottom of the gel back up to the
top. The identity of each was revealed by the fluorescent tag on
the altered base. The machine will generate a chromatogram, or
colored graph, depicting the wavelength of the dye that it reads
one base at a time. The sequence of the DNA is determined from
a series of these sequencing reactions.104

Agent Wilson also testified about the FBI procedures utilized to
prevent and detect contamination of samples. He stated that
mtDNA analysis was a sensitive process and that, because con-
tamination could affect the result, the FBI laboratory procedures
seek to eliminate contamination.105 Wilson stated that contami-
nation could reach 20 to 25% without compromising the typing
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results, but under the FBI protocol, if contamination exceeds 10
percent, that sample is discarded and the process is performed
again. Wilson testified that if contamination did occur, it would
not cause a false positive (a false inclusion) but, rather, would result
in a false negative (a false exclusion).

Finally, Wilson testified that the FBI laboratory undergoes semi-
annual external proficiency tests. The test provider sends samples
to the FBI lab and the lab technicians analyze those samples as if
they are evidence from a case. The test provider then compares the
FBI lab results to the known sequences. Wilson testified that the FBI
lab always has successfully completed these tests.

Wilson stated that extraction, PCR amplification, capillary elec-
trophoresis, and the use of an automated sequencing machine to
generate a chromatograph all are generally accepted within the
scientific community.106 He stated that all of the techniques used
in mtDNA analysis were developed for nonforensic uses, that he
was not aware of any peer-reviewed articles that suggested that
the FBI’s mtDNA process or analysis were not scientifically valid,
and that the results were objectively verifiable.107 

Wilson testified that, after the sequencing of the mtDNA, the next
step compares the sequence in the questioned sample to the se-
quence in the known sample to determine whether they share a
common base at every position along the 610 base pairs in HV1
and HV2. The FBI requires that two examiners independently
examine the sequences in the case of sequence concordance; if
both examiners conclude that the known and questioned samples
share a common base at every position, there is a match, which
means that the questioned sample cannot be excluded as deriving
from the same maternal lineage from which the donor’s sample
is derived.

Wilson cautioned that the examiner cannot positively establish
identity on the basis of mtDNA because all those having a common
maternal lineage, absent mutation, share the same mtDNA.108 The
final step in mtDNA analysis, the court noted, compares the
mtDNA sequence of the questioned sample to the FBI database
of mtDNA sequences to determine the relative prevalence of that
mtDNA sequence.109
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Wilson testified that the FBI had analyzed the mtDNA evidence
in the Pappas case prior to the defendant’s trial; they sequenced
the mtDNA taken from the hair from the submitted sweatshirt
and from the defendant’s hair, compared them, and concluded
that those samples shared a common base at every position. There-
after, Wilson compared that sequence with those in the FBI
database and found that the sequence previously had not been
observed. Relying on that comparison, Wilson concluded that
approximately 99.75 percent of the Caucasian population could
be excluded as the source of the mtDNA in the sample.110

After setting out his credentials, the defendant’s expert, Professor
William Shields, testified that the analysis111 and use of mtDNA
as evidence of identity was problematic for three reasons. First,
Shields stated that the FBI does not adequately address the poten-
tial for heteroplasmy — the presence of different sequences of
mtDNA within one person. He stated that, until recently, most
geneticists had assumed that an individual’s mtDNA sequence
would be identical within that individual and would be the same
as the mtDNA sequence of that individual’s mother. Shields
testified that recent studies indicate that point heteroplasmy, a
difference at one base pair in a sequence from samples of the same
individual, occurs in between 10 to 20 percent of all people, and
may occur in hair samples in 100 percent of the population.
Shields testified that, because of the possibility of heteroplasmy,
the FBI changed their matching criteria as to when two samples
may be said to match, that is, when the donor of the known sample
cannot be excluded as the source of the questioned sample. Shields
concluded that, while the new matching criteria reduce the prob-
ability of false negatives, they increase the likelihood of false
positives, i.e., incorrectly including a known sample as a source
of the questioned sample. Shields also testified that the FBI had
not performed validation studies concerning the extent of con-
tamination by the DNA of others resulting from their handling of
mtDNA.112

After their exhaustive examination of the mtDNA testimony presented
at the trial, the Connecticut Supreme Court concluded:

We agree with the trial court’s conclusion that the procedures used
to extract and chart the chemical bases of mtDNA — extraction,
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PCR amplification, capillary electrophoresis, and the use of an
automated sequencing machine to generate a chromatograph —
are scientifically valid and generally accepted in the scientific com-
munity.113 The trial court had properly concluded that issues re-
garding contamination are important and may bear on the weight
of mtDNA evidence in a particular case, but that those issues did
not undermine the admissibility of the results of the mtDNA
sequencing process used in this case.

The court continued: 

“We reject the defendant’s argument that, given Shields’ testimony
regarding heteroplasmy and the FBI match criteria, the trial court
should not have admitted the mtDNA analysis presented at his
trial. First, there was no evidence of heteroplasmy in either the
known or questioned samples in this case. The defendant’s known
mtDNA sequence not only shared a common base at every posi-
tion with the questioned sample, but also had exactly the same
pattern at every position as that sample. Second, heteroplasmy, to
the extent that it is present, would result in false exclusions, not
false inclusions.”114 

The trial court had carefully considered all of the evidence and concluded
that the proffered testimony of Wilson was statistically sound and that it was
likely to be helpful to the jury in assessing the probative value of the mtDNA
evidence. The trial court did not abuse its discretion in concluding that the
statistical statements met the threshold standard for admissibility.115 The
Pappas case has spawned a series of law review articles and approving case
law and remains the leading case in the new territory of mtDNA and hair
analysis.116

In United States v. Beverly,117 a well-written and comprehensive 2004 Sixth
Circuit Court of Appeals decision, Noah Beverly, Douglas A. Turns, and
Johnny P. Crockett were indicted for multiple bank robberies. Beverly
appealed the introduction of mtDNA evidence against him at trial, arguing
that the evidence was not scientifically reliable. The Circuit Court of Appeals
found that the district court did not abuse its discretion in admitting expert
testimony that less than 1% of population would be expected to have mtDNA
pattern of hair found at crime scene. This was so, even assuming that mtDNA
was not as precise an identifier as nuclear DNA. Any objections in that regard
or as to issues going to the conduct of tests were fully developed and subject
to cross-examination in the instant case. The court concluded that foundation
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presented was sufficiently reliable, and the mathematical basis for the evi-
dentiary power of mtDNA evidence was carefully explained.118

Beverly also argued that mtDNA testing was not scientifically reliable
because the laboratory that did the testing in this case was not certified by
an external agency, the procedures used by the laboratory sometimes yielded
results that were contaminated, and that the particular tests performed in
this case were contaminated. In addition, Beverly argued that even if the
mtDNA evidence was determined to be sufficiently reliable, its probative
value was substantially outweighed by its prejudicial effect. In this part of his
argument, Beverly focused on the statistical analysis presented, which he
claims artificially enhanced the probative value of the mtDNA evidence.
According to Beverly, Dr. Terry Melton, the government’s expert, should only
have been allowed to testify that Beverly could not be excluded as the source
of the sample in question.119

The court, as in the Pappas case, provided a very useful overview con-
cerning mtDNA analysis:

Generally speaking, every cell contains two types of DNA: nuclear
DNA, which is found in the nucleus of the cell, and mitochondrial
DNA, which is found outside the nucleus in the mitochondrion.
The use of nuclear DNA analysis as a forensic tool has been found
to be scientifically reliable by the scientific community for more
than a decade. The use of mtDNA analysis is also on the rise, and
it has been used extensively for some time in FBI labs, as well as
state and private crime labs.120 This technique, which generally
looks at the differences between people’s mitochondrial DNA, has
some advantages over nuclear DNA analysis in certain situations.
For example, while any given cell contains only one nucleus, there
are a vast number of mitochondria. As a result, a significantly
greater amount of mtDNA exists in a cell from which a sample
can be extracted by a lab technician, as compared to nuclear DNA.
Thus, this technique was very useful for minute samples or ancient
and degraded samples.121

The court took note of the fact that mitochondrial DNA could be
obtained from some sources that nuclear DNA cannot, for example, mtDNA
can be found in shafts of hair, which do not have a nucleus, but do have
plenty of mitochondria, whereas nuclear DNA can only be retrieved from
the living root of the hair where the nucleus resides.122 On the other hand,
the court also noted, mtDNA was not as precise an identifier as nuclear DNA.
In the case of nuclear DNA, half was inherited from the mother and half
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from the father, and each individual, with the exception of identical twins,
almost certainly has a unique profile. MtDNA, by contrast, was inherited
only from the mother and thus all maternal relatives will share the same
mtDNA profile, unless a mutation has occurred. Because it is not possible
to achieve the extremely high level of certainty of identity provided by nuclear
DNA, mtDNA typing has been said to be a test of exclusion, rather than one
of identification.123 The entire mtDNA sequence, the court noted, about
sixteen thousand base pairs, was considerably shorter than nuclear DNA,
which had approximately three billion pairs.124 

In its decision here, the Sixth Circuit court first addressed and dismissed
the defendant’s argument that the lack of external certification of the mtDNA
expert’s laboratory, disqualified her opinion:

This point had been raised in the pretrial hearing, and although there is no
legal requirement that Dr. Melton’s lab be so certified, the district court did
question Dr. Melton on this point. Laboratories doing DNA forensic work are
accredited through the American Society of Crime Laboratory Directors. How-
ever, Dr. Melton’s lab, having only been actively engaged in case work for about
11 months at the time of the trial, was not yet able to apply for the accreditation,
but was expected to go through the process the following spring. Furthermore,
Dr. Melton’s own credentials are considerable. Not only has she been working
with mtDNA since 1991, she has a PhD from Pennsylvania State University in
genetics; her thesis investigated mitochondrial DNA as it would apply to forensic
applications. In addition, Dr. Melton has published a significant amount of work
in this field.125

Beverly further argued that Dr. Melton’s procedures would sometimes
yield results that were contaminated, and that, furthermore, the sample ana-
lyzed in this particular case was contaminated. However, the court noted,
Dr. Melton was confident that no contamination of the sample itself had
occurred. The reagent blank in the test of the sample itself did not show any
indication of contamination, in contrast to a separate reagent blank, used in
a different test tube, which was a control in the experiment. Therefore, the
actual data relied upon in this case, obtained from the sequencing machine,
and did not indicate any presence of a contaminant.

As to the defendant’s argument that the probative value of the evidence
would be substantially outweighed by prejudice, the court noted that the
district court carefully considered during the pretrial hearing the question
of whether the relevance of this evidence outweighed its probative value:

In particular, Beverly argued that the jury would associate mitochondrial
DNA analysis with nuclear DNA analysis and give it the same value, in terms
of its ability to “fingerprint” a suspect. The district court, however, decided
that this issue was more appropriately dealt with through a vigorous cross-
examination, and in fact that was exactly what occurred at trial. Moreover,
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the court noted the important probative value that this evidence added to
the trial.

Finally, the court separately considered the scientific reliability of the
statistical analysis offered by the government, concluding that: 

The predictive effect of the statistical analysis is based upon a
formula which is apparently recognized in the scientific commu-
nity and used in a variety of scientific contexts, and it has been
used specifically here in the analysis of mitochondrial DNA results.
The court concludes that it’s an accepted and reliable estimate of
probability, and in this case, it led to results, interpreted results,
which substantially increase the probability that the hair sample
is the hair of the defendant in this case.126

Based on the record compiled in the district court’s careful and extensive
hearing on this issue, the court found no abuse of discretion in admitting
the mtDNA testing results. The mathematical basis for the evidentiary power
of the mtDNA evidence was carefully explained, and was not more prejudicial
than probative:127

It was made clear to the jury that this type of evidence could not
identify individuals with the precision of conventional DNA anal-
ysis. Nevertheless, any particular mtDNA pattern is sufficiently
rare, especially when there is no contention that the real culprit
might have been a matrilineal relative of the defendant, that it
certainly meets the standard for probative evidence: “any tendency
to make the existence of any fact that is of consequence to the
determination of the action more probable or less probable than
it would be without the evidence.”128

This chapter concludes with an extensive analysis of the 2004 case of Reid
v. State, an important case decided by a Superior Court in Connecticut. The
case, although not yet reviewed by a higher appellate tribunal, is extremely
useful as a thorough examination of the potential clash between practitioners
of the traditional microscopy approach to hair analysis and the increasingly
sophisticated employment of mtDNA technology in hair cases. The Reid cases
is centered in such a clash and raises troublesome questions about the tra-
ditional consistent-in-all-respects basis of contemporary hair analysts.

In Reid v. State,129 a sexual assault and kidnapping case, a petition for a
new trial was filed alleging that mitochondrial DNA (mtDNA) evidence,
relating to hair specimens, was newly discovered, could not have been dis-
covered earlier by the exercise of due diligence, was material, not merely
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cumulative, and likely to produce a different result upon retrial. The trial
court, after a careful consideration of the extensive information submitted
on the MtDNA evidence, granted the defendant’s petition.130 

The victim had been grabbed in a park and violently assaulted. The
perpetrator was picked out of a photo array and a lineup by the victim. In
addition to the victim’s identification, two pubic hairs were located on the
victim and subjected to microscopic hair analysis by a criminalist from the
Connecticut State Police Forensic Laboratory.131 The defendant is an African-
American male. The victim was a Caucasian female. 

The court having denied the motion to exclude hair analysis evidence,
Mr. Settachatgul, a criminalist from the Connecticut State Crime Laboratory,
testified before the jury. He noted that hair comparison analysis procedures
had been employed for many decades (for perhaps over one-hundred years),
that such comparison testimony had been accepted in all fifty states, in
numerous other countries, and was generally accepted as reliable within the
field of forensic science.132 His opinion, as summarized by the court, is set
out here in full:

Before the jury, Settachatgul testified that he had examined the
clothes that the victim was wearing on the night of the attack and
recovered three pubic hairs that did not come from the victim.
Then, through a process known as microscopic hair analysis,
Settachatgul compared these unknown [pubic] hairs to [pubic]
hairs provided by the defendant. Settachatgul found that the char-
acteristics of the known hairs from the defendant were similar to
the characteristics of those recovered from the victim’s clothing… 

During his testimony, Settachatgul displayed an enlarged photo-
graph of one of the defendant’s hairs and one of the hairs recovered
from the victim’s clothing as they appeared side by side under the
comparison microscope. Settachatgul explained to the jurors how
the hairs were similar and what particular features of the hairs
were visible. He also drew a diagram of a hair on a courtroom
blackboard for the jurors. The jurors were free to make their own
determinations as to the weight they would accord the expert’s
testimony in the light of the photograph and their own powers of
observation and comparison. 

Mr. Settachatgul testified that the three hairs recovered from the
victim’s clothing were pubic hairs. These hairs were rootless, in-
dicating that they were shed, not plucked; one was found on the
victim’s jeans, another on a sock, and another on her lower under-
garment (panty). According to Mr. Settachatgul, the pubic hairs
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were recovered from the aforesaid items of clothing by a standard
process of combing or scraping down the clothing surface. The
rootless hair specimens so recovered were then microscopically
compared with the pulled or plucked pubic hairs contributed by
the defendant. Based on the microscopic analysis, Mr. Settachatgul’s
conclusion was that the three rootless hairs recovered from M.’s
(the victim’s) clothing were Negroid pubic hairs which had similar
characteristics to the pubic hairs supplied by petitioner. The witness
indicated that he could state, “to a reasonable degree of scientific
certainty,” that the pubic hairs found on the victim’s clothing were
microscopically similar to those pubic hair samples taken from
Mark Reid.133

Most importantly, Mr. Settachatgul emphasized that all he could deter-
mine from his microscopic analysis was that the hairs recovered from the
clothing were pubic hairs, that they were negroid pubic hairs, and that they
were similar to the pubic hairs obtained from defendant; that is, the pubic
hairs recovered from the victim’s clothing (sock, jeans, and panty) had char-
acteristics similar to those pubic hairs supplied by defendant. Mr. Settachatgul
clearly stated that the microscopic comparative analysis procedure would not,
and could not, permit him to conclude that the clothing pubic hairs were
identical to the samples provided by defendant.134

With regard to the hair analysis evidence, the assistant state’s attorney
argued in his summation: 

The victim’s clothes that were taken from her [at the hospital] are
sent to the lab and they are processed for hair. Hairs from the
defendant are also sent to the lab for comparison. Three Negroid
pubic hairs are found on the victim’s clothing and are compared
with the defendant’s pubic hairs. The examiner’s opinion is that
the hairs are microscopically similar. Hair comparison analysis
does not allow you to state that it is an exact match. So, the
conclusion that is drawn by the examiner is that they are micro-
scopically similar.135 

Concerning the hair analysis evidence, the defense attorney argued to
the jury, as follows: 

The hair evidence, I will just talk about briefly. I’d ask you to recall
the demeanor of the witness on the stand. Yes, he’s been doing it
by eyeballing it and not measuring anything. And the reason why
I put in that forensic handbook, which he seems to think is no big
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deal, is the one important thing that it talks about is how important
it is to measure… 

This is a witness who guesses. He guesses at the amount of hair
analysis he’s done. You know, can we credit anything that he says
with his regard to his work? He appeared to be a little bit defensive.
I don’t think he wanted to be questioned or challenged at all with
regard to his work. 

He didn’t follow his own procedure, which indicates that you
should put in your reports that this procedure is not something
by which you can identify someone. There’s no way you can iden-
tify someone by hair analysis. You can’t even say whether the hair
came from a man or woman.136 

The assistant state’s attorney, in her rebutting comments, argued to the
jury that although the hair comparison evidence was not conclusive, the
Negroid origin of the unknown pubic hairs, and their similarity with defen-
dant’s pubic hairs, were significant with respect to establishing defendant’s
involvement in this crime. She told the jury: 

… keep in mind that these were the only three Negroid hairs found
on the victim’s clothes. And, remember, she testified she did not
come in contact with any other black individuals on that evening.
And that her jeans were clean when she put them on that night … 

Mr. Settachatgul testified that these are hairs that fell out. They
did not have their root attached. Is it not a reasonable inference
that, when her attacker was on top of her, and his pubic hairs fell
out, that they landed on the nearest surface, the surface that he
was sitting on? The victim, and the victim’s jeans, and the victim’s
underwear. You are allowed to draw reasonable inferences, ladies
and gentlemen. The judge will tell you that. 

And is it also not a reasonable inference that, when she stood up
and he was helping her do her pants, or trying to do her pants, and
she did her pants, that one of those hairs went down the leg of
her jeans and ended up in her socks? Ask yourself if that’s not also
a reasonable inference. 

…And think about it, ladies and gentlemen. This was three Negroid
pubic hairs, all similar to the defendant’s on three separate items
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of clothing. It’s not a case where one was similar and two were
not. They are all hairs that are consistent with the defendant’s.
And these are the only Negroid hairs on her clothing … 

…And two of the items the hairs were found on were covered by
her jeans. Her underpants and her socks … So, I submit to you
it’s far less likely that those [pubic] hairs ended up on her by
chance … 

…And, with regard to the photo of the hair [State’s Exhibit # 11],
you don’t have to be an expert hair examiner with twenty-three
years’ experience to look at those two hairs and know that those
two hairs are similar. You can recognize the similarities yourself.
Just like the victim, in looking at this photo, was able to recognize
that this is the defendant’s face, the face of her attacker.137

VII. The Evidence on the Petition for New Trial

At the trial on his petition, petitioner presented no testimony but instead
offered two three-page reports of Mitotyping Technologies, LLC regarding
separate mtDNA analyses, dated May 9, 2002, and June 3, 2002.138 Important
terstimony was presented by Dr. Terry Melton, president and CEO of Mito-
typing Technologies, the expert in the Beverly case discussed above, who
presented an overview of mtDNA technology prior to discussing her findings
as to the hairs submitted to her for analysis. Dr. Melton testified that mtDNA
testing is a form of analysis that is often applied to specimens such as skeletal
remains and rootless hair samples, which are not susceptible to standard
nuclear DNA testing. Such testing was used to exclude individuals as the
contributors of samples because it is possible to obtain a DNA type; it is a
mitochondrial DNA profile, which is a DNA sequence. Thus, she continued,
this method of analysis can eliminate an individual as the contributor of
samples. Its primary difference from nuclear DNA testing is that mtDNA is
not a unique identifier. Unlike nuclear DNA which is found at the center of
the human cell, and which is inherited from both parents, only maternal
lineage exhibits the same mitochondrial profile.139

In her brief testimony, Dr. Melton testified, consistent with the 5/9/02
report, entered in evidence as petitioner’s Exhibit #1, that her laboratory was
requested to develop mtDNA profiles from the three questioned hairs in
evidence at the criminal trial and to compare them to the mtDNA profile of
petitioner to determine if Mark Reid could be excluded as the contributor
of those hairs. The mtDNA sequences for the three unknown or questioned
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hairs did match one another, but did not match the sequence of 2212K1
(Mark Reid). Therefore, petitioner was excluded as the contributor of the
three questioned hairs, all of which could have come from the same unknown
individual.140 

Dr. Melton stated that while microscopic hair analysis and mtDNA testing
were “complementary” or “used in conjunction,” mtDNA testing was “more
discriminating.” Microscopic hair analysis looks at the visual physical charac-
teristics of the sample, while mtDNA testing considers its genetic characteristics.

The court had no difficulty in accepting the exclusion of Mark Reid as
a contributor to any of the sample pubic hairs, which appeared to actually
have belonged to the victim in the case:

From all of the aforesaid, it seems that petitioner is excluded as
the contributor of the three pubic hairs recovered from M.’s cloth-
ing, and admitted into evidence at the criminal trial; further, that
based on this evidence, it would appear likely that the three pubic
hairs were those of the victim. On cross-examination, however,
Dr. Melton stated that neither the gender nor the race of a possible
contributor could be determined by mtDNA testing.141

The court reviewed the testimony of Dr. Melton at the civil trial, as well
as the reports of Mitotyping Technologies which were admitted in evidence
as petitioner’s exhibits, and could find no basis for concluding that the testing
methodology employed was deficient, or that the professional opinion of
Dr. Melton excluding the petitioner as a source of the unknown pubic hairs
was unsound: 

The state had never suggested that the new mtDNA evidence was
unreliable or not credible and both parties relied on the mtDNA
testing: petitioner to exclude himself as a depositor of the ques-
tioned hairs, and respondent to establish that the mtDNA from
the questioned hairs was consistent with the victim’s mtDNA ob-
tained from the buccal swab. The new mtDNA evidence satisfies
the initial, required threshold on credibility; if a new trial were
granted, this expert testimony would, likely, be before the second
jury, with the usual instruction on expert testimony, permitting the
jury to accord it whatever weight, if any, that jury felt it merited.142 

The court concluded with a comment on the implications of the clash
between traditional microscopic hair analysis and the new mtDNA typing
methodologies:
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This is a close, difficult case. The new mtDNA evidence merely
excludes petitioner as the depositor of the unknown hairs; it clear-
ly does not exonerate him.

Simply put, at the criminal trial, the identification by the victim
was presented to the jury along with strong circumstantial evi-
dence provided by the Settachatgul expert testimony which, if
accepted, furnished powerful support for the victim’s identifica-
tion; guilty verdicts resulted. At a retrial, the victim’s identification
would not have the support of such circumstantial evidence in
view of the new mtDNA evidence excluding petitioner as the source
of the pubic hairs. That I may consider the victim’s identification
reliable is of limited significance; the ultimate determination as to
its credibility rests with a jury. Although the former jury had to
have accepted the victim’s identification to convict, it did so in a
proceeding where it was presented with expert testimony circum-
stantially supporting that identification. At a retrial, any such
circumstantial support for the identification, even if present in the
state’s case, would be undercut by the new mtDNA evidence; that
is, the credibility of the identification would have to be assessed
absent microscopic hair comparison evidence, and possibly (de-
pending on how a new trial unfolded), in light of the new mtDNA
evidence showing that pubic hairs found on the victim’s garments
were not petitioner’s.143

Increasing interest in mtDNA and hair analysis has been expressed by
the last two Interpol’s Forensic Science Symposia, a growing number of
articles on the subject in the Journal of Forensic Science, and important cases,
such as Pappas, Beverly, and Reid, discussed earlier. While mtDNA hair
analysis has by no means supplanted the physical visual microscopic exam-
inations of hairs, prosecutors, defense lawyers, and judges must be aware of
these developments in this most often utilized of the corpus of the forensic
sciences.

VIII. Conclusion

The foregoing discussion of microscopic hair analysis and mitochondrial
DNA (mtDNA) analyses, may serve to set the tone for most of the subjects
yet to be covered. The reality of the greatest number of the forensic sciences
is their grounding in close observations and comparisons of characteristics
of the type of crime scene datum under review, by use of the latest microscopic
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aids. Fiber, soil, glass and paint, ballistics, tool marks, and footwear and
fingerprint analyses are all observational disciplines where current and future
value hinges in large part on developments in modern microscopy. These
investigative disciplines work within a culture of proof guided by probability
analyses to provide assistance in the investigation and trial of criminal cases.
The tremendous effect of recent use of mtDNA in hair analysis is a potent
example of the rush of developments revolving around the interjection of
DNA science into the criminal justice process. Chapter 10, DNA Analysis,
addresses many of these developments.
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M.D., J.D., M.P.H., Lawyers Medical Cyclopedia 45.2, at 768 (3rd Ed. 1991).
See, Robert R. Ogle, Jr. and Michelle J. Fox: Atlas of Human Hair: Microscopic
Characteristics (CRC Press, 1999), listing 24 characteristics for hair analysis.
This small but excellent study should be in the library of all prosecution and
defense offices.

50. McGrew, at 1291.

51. 682 N.E.2d 1289 (Ind. Sp. Ct. 1997), at 1290–1291.

52. Id. at 1292.

53. 682 N.E.2d 1289, 1290–1291.

54. Id. See, Jervis v. State, 679 N.E.2d 875, 881 n. 9 (Ind.1997).

55. 980 P.2d 3 (Mont. Sp. Ct. 1999).

56. Id. at 10.

57. 509 U.S. 579, 113 S.Ct. 2786 (1993). Also see, State v. Moore, 268 Mont. 20,
885 P.2d 457 (1994). Also see Chapter 1, Science, Forensic Science and Evi-
dence for a discussion of the Daubert case and its progeny.

58. 119 S.Ct. 1167, 1175 (1999).

59. Kumho Tire v. Carmichael, 119 S.Ct. at 1175.

60. See State v. Bromgard (1993), 261 Mont. 291, 293-94, 862 P.2d 1140, 1141;
State v. Kordonowy, 251 Mont. 44, 47, 823 P.2d 854, 856 (1991); Coleman v.
State, 194 Mont. 428, 447, 633 P.2d 624, 636 (1981); State v. Higley, 190 Mont.
412, 428, 621 P.2d 1043, 1053 (1980); and State v. Coleman, 177 Mont. 1,
26–27, 579 P.2d 732, 747 (1978). See also Gregory G. Sarno, Annotation,
Admissibility and Weight, in Criminal Case, of Expert or Scientific Evidence
Respecting Characteristics and Identification of Human Hair, 23 A.L.R.4th 1199
(1983).

61. The court, in this regard, found that a proper foundation for the witness to
qualify as an expert was established. She had been working with trace evidence
(such as hair, fibers, glass, and paint) for four and one-half years at the
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Montana State Crime Lab, spent about ninety per cent of her time examining
trace evidence, had taken several training courses at the FBI Academy that
dealt with trace evidence, as well as several other courses on forensic micros-
copy. She was a member of two forensic scientist groups, was involved with
writing guidelines for trace evidence examination for one of the groups, and
had been found qualified to testify in other cases regarding her examinations
of trace evidence. Southern, at 17. Also see, State v. Fukusaku, 85 Hawai’i 462,
946 P.2d 32 (1997), where the Hawaii Supreme Court also placed microscopic
hair analysis outside of the Daubert reliability requirements.

62. See the discussion of the Mark Reid case, infra.

63. 142 Ill.2d 22, 566 N.E.2d 1355 (1991).

64. Id. at 26.

65. Id. 

66. See, Ogle, Jr. and Fox, Atlas of Human Hair: Microscopic Characteristics (CRC
Press 1999), setting out 24 characteristic capable of comparison.

67. Linscott, supra, at 1359.

68. Id. 

69. Id. 

70. Linscott, 142 Ill.2d at 28-34, 153 Ill.Dec. 249, 566 N.E.2d 1355. Similarly, in
People v. Giangrande, 101 Ill.App.3d 397, 56 Ill.Dec. 911, 428 N.E.2d 503
(1981), the court held that a prosecutor overstated the evidence arguing that
defendant’s hair had been found at the crime scene, when the State’s expert
testified only that hairs from the crime scene could have originated from the
defendant. (Giangrande, 101 Ill. App.3d at 402-03, 56 Ill.Dec. 911, 428 N.E.2d
503.) The appellate court found such arguments improper and reversed the
conviction stating that it could not conclude “that the closing argument
comments of the prosecutor *25 did not result in substantial prejudice to
defendant.” Giangrande, 101 Ill.App.3d at 403, 56 Ill.Dec. 911, 428 N.E.2d 503.

But see, People v. Gomez, 215 Ill.App.3d 208, 574 N.E.2d 822 (1991), where
the court reversed a first-degree murder conviction because there was insuf-
ficient circumstantial evidence to establish the defendant’s guilt beyond a
reasonable doubt. There was evidence of the defendant’s fingerprint at the
murder scene, a place where he paid his monthly rent, as well as samples of
blood and paint taken from murder scene and the defendant’s home. The
state also introduced, as part of its case in chief, hairs found on the victim’s
body that shared some similarity with the defendant’s hair. The court held
that hair samples “do not possess the necessary unique qualities of finger-
prints to allow positive identification.” Id. at 828, 158 Ill.Dec. at 715. “The
mere physical probabilities inferred from … hair … samples alone are insuf-
ficient to sustain a conviction beyond a reasonable doubt.” Id. Alse see People
v. Brown, 122 Ill.App.3d 452, 77 Ill.Dec. 684, 687, 461 N.E.2d 71, 74
(Ill.App.1984). (Because the court found that the circumstantial evidence was
insufficient to prove guilt, the court reversed the defendant’s conviction.)
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71. 171 Ill.2d 74, 662 N.E.2d 1215 (1996).

72. A forensic scientist testified that two fingerprints on the adhesive side of the
duct tape removed from the victim’s hair and one fingerprint on a key tag
found in the victim’s abandoned car were identified as defendant’s. Another
forensic scientist testified that seminal material taken from the victim’s
vaginal swab was consistent with defendant’s blood type. See Chapter 8,
Fingerprints, and Chapter 10, DNA Analysis.

73. People v. Moore, at 92.

74. Id.at 100.

75. 1995 WL 324021 (Tenn.Crim.App. 1995).

76. Id. at *1.

77. Id. at *2.

78. Williams, supra, n.62, at *2.

79. 322 Ark. 40, 907 S.W.2d 124 (1995).

80. Id. at 126.

81. Suggs, at 322 Ark at 44.

82. 270 Ga. 745, 514 S.E.2d 639 (1999).

83. A broken window screen at the Gottschalk trailer indicated the assailant’s
entry point, and beneath the window inside the trailer was a vinyl chair
containing a partial shoe print. A State expert determined that this shoe print
matched Pruitt’s Reeboks. Gottschalk testified that Pruitt had never been a
guest in her home; the only time she had ever seen him in her trailer was the
brief time he felt for the victim’s pulse on the morning of April 10, 1992.
Semen was discovered in the victim’s anus and DNA extracted from the semen
matched Pruitt. The state’s DNA expert testified that the frequency of this
DNA profile among Caucasians is one in seven billion. Type O blood was
found on the jeans and shirt that Pruitt had been wearing the night of the
murder, and on the steering wheel cover in his car. At the Gottschalk trailer,
type A blood was found on the porch light bulb, the screen door latch, and
near the entry window. Pruitt is type A and the victim was type O. Id. at 644.

84. 428 Mass. 766, 705 N.E.2d 236 (1999).

85. Id. at 239.

86. Snell, at 705 N.E.2d 772.

87. (Tenn.Crim.App)

88. Id. at *6.

89. Id. at *8.

90. Id.

91. Id.

92. Also see, State v. Montgomery, 341 N.C. 553, 461 S.E.2d 732, 735 (1995),
where defendant was convicted of first-degree murder, for the rape-murder
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of a college coed after wrongfully entering her apartment. Five pubic hairs,
which were consistent with those of defendant, were found in front of and
on the sofa and love seat. The police later found the missing butcher knife
in a parking lot located between Piccolo’s apartment and the house owned
by defendant’s sister; defendant was staying in this house with his sister at
the time of the murder. Blood and fibers consistent with fibers from Piccolo’s
sweatshirt were on the knife.

93. 726 So.2d 1152 (Miss. Sp. Ct. 1998).

94. Id. at 1180.

95. Id. Also see, Mason v. State, 1998 WL 96608 (Ala.Crim.App.1998), where the
defendant was convicted of murder committed during the course of a robbery
and sentenced to death. (A Negroid pubic hair, consistent with a known pubic
hair from the appellant, was found in the combings from the victim’s pubic
hair.)

96. 1998 WL 141993 (Mo.App. W.D.).

97. Id. at *1.

98. Butler at *2.

99. Bisla, It all came down to a single hair: the probability of exclusion vs. the
probability of guilt through the use of mitochondrial DNA evidence in State v.
Pappas, 26 WTLR 263 (2004). Also see, U.S. v. Coleman, 202 F. Supp. 2d 962
(2002) [[Approval of mtDNA sequencing testimony].

100. 256 Conn. 854, 776 A. 2d 1091 (2001).

101. Pappas, at 867 et seq.

102. Ibid at 868.

103. Ibid at 869.

104. Ibid at 870.

105. Ibid at 871. He stated that the known and questioned samples are tested
separately; the questioned sample is sequenced before the known sample is
unsealed and processed. The lab areas, machines, and pipettes used to process
the DNA material are cleaned using a bleach solution or ultraviolet light.
Wilson testified that the FBI lab uses several controls to monitor possible
contamination: a reagent blank, a negative control, a positive control, and a
sequencing base control. The reagent blank is used throughout the process
starting at the extraction step and it allows monitoring of the amount of DNA
at each step of the process. The negative control is introduced at the PCR
step, and it would indicate contamination in the reagents. The positive control
is a known DNA sequence that is introduced to ensure that the amplification
reaction was successful and to assess the quality of the sequencing process.

106. Pappas, at 872.

107. Id.

108. Wilson also testified about heteroplasmy, which is the presence of two or
more mtDNA sequences in an individual. He stated that heteroplasmy is
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observed in approximately 5 to 10 percent of cases, and that the presence of
heteroplasmy would not lead to a false inclusion because, in order to match,
the sequences would still have to share a common base at every position.
Wilson testified that there was no evidence of heteroplasmy in the present
case.

109. Pappas, at 873. At the time the defendant’s hair was analyzed, the FBI database
contained 1657 known sequences of mtDNA, 916 of which were Caucasian
sequences. Using a statistical technique, the FBI estimates the rarity or prev-
alence of a given mtDNA sequence based upon whether the sequence has
been observed in the database and, if so, how often it has been observed.
Wilson explained that this method is not used to establish positive identifi-
cation; rather, it allows the FBI to estimate, on the basis of its database, the
probability that a given mtDNA profile would be expected to occur in the
general population. He also stated that, although the most common mtDNA
type probably has a population frequency of 4%, the database was not yet
large enough to know the population frequency of rare types, that is, types
that have not been seen in the database.

110. Wilson stressed that this figure was based upon the database, so that as the
database grew, the estimate would change. Wilson aso testified that all Cau-
casians have the same distribution of mtDNA types and thus additional
subgroupings of Caucasians were not necessary.

111. Ibid. at 874.

112. Shields stated that, even if it is assumed that heteroplasmy or contamination
were not at issue, the statistical calculations used by Wilson are incorrect
because of the way that the FBI determines a “failure to exclude” between
two mtDNA samples. Shields stated that, because the FBI would not exclude
as a match two samples that differed by one chemical base, other samples in
the database that differ by one such base should be included in the estimated
mtDNA type frequency. Shields concluded that, if one took into account
samples in the FBI database that differed by one such base, the frequency of
the mtDNA sequence observed from the defendant’s sample in this case would
be doubled. Thus, instead of a frequency of approximately 0.3 percent, which
would mean that 99.7 percent of the Caucasian population could be excluded,
Shields calculated that type frequency would be approximately 0.7 percent,
which would exclude 99.3 percent of the Caucasian population. Pappas, at 875.

113. Citing, M. Holland & T. Parsons, “Mitochondrial DNA Sequence Analysis —
Validation and Use for Forensic Casework,” 11 Forensic Sci. Rev. 22, 35 (1999)
(citing articles as to validity of DNA extraction, PCR amplification and
sequencing); M. Wilson et al., “Extraction, PCR Amplification and Sequenc-
ing of Mitochondrial DNA from Human Hair Shafts,” 18 Biotechniques 662
(1995). Pappas, at 881.

114. Pappas, at 882.

115. Pappas, at 886.
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116. See, Reid v. State, 2003 WL 21235422, (Conn.Super. May 14, 2003) discussed
below and Chapter 10, DNA for additional recent cases on MtDNA. Also see,
Bisla, It All Came Down to a Single Hair: The Probability of Exclusion vs.
the Probability of Guilt through the Use of Mitochondrial DNA Evidence In
State v. Pappas, 26 Whittier Law Rev. 263 (2004); Walker, 43 Jurimetrics J. 427
(2003); DNA Evidence: Changing the Face of Criminal Justice, Criminal
Practice Guide (July/August 2004). Also see, Houck and Budowle, Correlation
of Microscopic and Mitochondrail DNA Hair Comparisons, Journal of Foren-
sic Science, 47(5), 964–967 (2002). 

117. 369 F. 3d 516 (U.S. Ct. App. 6th Cir 2004).

118. Beverly, at 523.

119. Beverly, at 528.

120. Citing, Micah A. Luftig & Stephen Richey, Symposium: Serenity Now or Insan-
ity Later?: The Impact of Post-Conviction DNA Testing on the Criminal Justice
System: Panel One: The Power of DNA, 35 New Eng. L.Rev. 609, 611 (2001).
Beverly at 529.

121. Beverly, at 530.

122. Citing, United States v. Coleman, 202 F.Supp.2d 962, 965 (E.D.Mo.2002)
(accepting expert testimony by Dr. Melton, the expert in this case, and admit-
ting evidence based on mtDNA testing).

123. United States v. Coleman, at 966.

124. United States v. Beverly, at 530.

125. Also see, People v. Mason, 2004 WL 2951972 (Ct. App. Mich 2004): Dr. Terry
Melton, the president and CEO of Mitotyping Technologies, a company that
specializes in mitochondrial DNA (mtDNA) testing, testified that defendant’s
mtDNA profile matched that of the foreign hair found on the decedent’s body
and that 99.93% of the population of North America would not match this
profile.

126. Beverly at 531.

127. Beverly at 531. See, Erica Beecher-Monas, The Heuristics of Intellectual Due
Process: A Primer for Triers of Science, 75 N.Y.U.L.Rev. 1563, 1655 n. 535 (2000).

128. Fed.R.Evid. 401. “The statistical evidence at trial showed that, at most, less
than 1% of the population would be expected to have this mtDNA pattern.
Even an article critical of mtDNA stated the most frequent pattern applies in
no more than 3% of the population. It would be unlikely to find a match
between Beverly’s hair and the hair of a random individual. The testimony
was that, with a high degree of confidence, less than one percent of the
population could be expected to have the same pattern as that of the hair
recovered from the bank robbery site, and that Beverly did have the same
pattern, and thus could not be excluded as the source of the hair. Finding
Beverly’s mtDNA at the crime scene is essentially equivalent to finding that
the last two digits of a license plate of a car owned by defendant matched the
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last two numbers of a license plate of a getaway car. It would be some
evidence — not conclusive, but certainly admissible. We find the same here.”
Beverly at 531.

129. 2003 WL 21235422 (2004).

130. The court observed that petitioner was tried to a jury, before this court, on
a two-count information charging Sexual Assault in the First Degree, General
Statutes Section 53a-70(a)(1), and Kidnapping in the First Degree, General
Statutes Section 53a-92(a)(2)(A). Evidence commenced on October 29, 1997,
and on November 10, 1997, the jury returned verdicts of guilty on both
counts. The convictions were affirmed by the Connecticut Supreme Court
on September 5, 2000. [FN2] State v. Reid, 254 Conn. 540 (2000).

131. The trial court conducted a Daubert type hearing on the defense motion to
exclude any hair analysis evidence. Two witnesses testified at the hearing,
Mr. Kiti Settachatgul, lead criminologist, and Ms. Deborah Messina, super-
vising criminologist, both from the Connecticut State Police Forensic Labora-
tory. Mr. Settachatgul testified that he was a criminalist in the Trace Evidence
Section of the State Laboratory, that he performed the hair analysis or com-
parison in this case, that he has been doing such analyses and comparisons
since 1974, that he has been qualified to testify as a hair analysis expert in
the courts of various jurisdictions over one hundred times, and in Connect-
icut on more than thirty occasions. Mr. Settachatgul also testified to his
education, training, and experience in forensic science. Ms. Messina testified
that Criminalistics includes the Trace Section, which performs analyses of
hair, fibers, solids, and glass. In addition, the State Forensic Laboratory has
an Instrumentation Unit, which takes care of gunshot residue and instru-
mental analyses, an Arson and Explosives Unit, which is part of the Chemistry
Section, and a Forensic Biology Unit, which takes up standard serology and
DNA analysis. Ms. Messina supervises all of the aforesaid sections or units.
She testified that the standard and most widely used method for hair analysis
is the microscopic comparison method employed in this case. *1

132. He stated that the basic and primary tool used in hair analysis was the
comparison or bridge microscope; this device permits the microscopic view-
ing of two specimens, the known and the unknown, side by side, in order to
determine similar or dissimilar characteristics. Hair specimens are composed
of various components, and based on the size, shape, distribution, and density
of certain of those components, as observed microscopically, conclusions can
be drawn by a trained and experienced examiner concerning the species or
origin (human or animal) of the specimens, racial origin (Caucasian, Asian,
or Negroid), and somatic origin (scalp, pubic, beard, etc.). Thus, when the
known and unknown specimens are examined by means of the bridge micro-
scope, the expert can determine the origins of the unknown specimen
(human or animal, racial, and somatic), and formulate an opinion regarding
the similarities or dissimilarities between the visible characteristics of the two
specimens. The witness explained that other methods of hair analysis exist,
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but that the above-described methodology has been widely used because it
is not destructive of the evidence and the slides can be preserved, allowing
the specimens to be viewed by another examiner (or anyone else) in the
future.

133. Reid, at *4–5.

134. Mr. Settachatgul explained to the jury the microscopically visible similarities
using State’s Exhibit # 11, a photograph depicting a “hundred magnification”
of two strands of pubic hair, each on a slide, as they would appear to a viewer
through the comparison microscope (on the left-hand slide was a pubic hair
recovered from the victim’s clothing; on the right slide was the pubic hair
contributed by Mark Reid) In explaining the use of the bridge microscope,
and the viewing of the components of a strand of hair, the witness drew on
the blackboard, for the jury, a diagram of a hair strand showing, essentially,
what components would be visible for making the comparison. It was abun-
dantly clear, as confirmed by the language in the Supreme Court decision,
that Mr. Settachatgul was testifying only to the very “narrow opinion” that
the three pubic hairs recovered from the victim’s clothing were similar to the
samples obtained from the defendant, and, that he, Settachatgul could not
say that the questioned specimens were the pubic hairs of petitioner/defendant.
Cf. 254 Conn. at p. 551.

135. Reid, at *7.

136. Reid, at 9–10*.

137. Reid, at 9–10*.

138. Exhibits # 3 through # 7 are transcripts of the entire trial (voir dire through
acceptance of verdicts, including the court’s charge and the Porter hearing).
The court also took judicial notice of the official court file in the criminal case.

139. Reid, at 11*.

140. Dr. Melton further testified, consistent with the 6/3/02 report, petitioner’s
Exhibit # 2, that Mitotyping Technologies received from the Connecticut
Forensic Science Lab buccal sample swabs taken from the victim, M., which
sample was designated 2212K2. Mitotyping was requested to develop an
mtDNA profile from the known buccal swab(s) to ascertain if M. could be
excluded as the contributor of the unknown hairs. Dr. Melton testified her
lab could not exclude the unknown hairs as coming from the victim. As
explained in Exhibit # 2, the mtDNA sequences of 2212Q1, 2212Q2, and
2212Q3, the questioned pubic hairs, match the sequence of 2212K2, the
known swab, and accordingly, M. cannot be excluded as the contributor of
the three questioned hairs. That is, the mtDNA sequence that Mitotyping
observed in the three questioned or unknown hairs that were tested as set
forth in the May 9, 2002 report (Exhibit # 1) was “a match to or exactly the
same” as the mtDNA sequence in 2212K2, the saliva sample (swab) from M.,
as set forth in Exhibit # 2.
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Exhibit 2, Dr. Melton’s 6/3/02 report, states that a search was made of the
SWCDAM database of human mtDNA sequences, which database is main-
tained by the FBI (DNA Unit II — mtDNA unit), for the sequence observed
in 2212Q1, Q2, and Q3 and 2212K2. It was determined that the sequence
had never been seen in the database, which at the time of the search contained
4,839 human mtDNA sequences of North American forensic significance. In
other words, M.’s DNA type, Dr. Melton explained, has not previously been
observed in the database; therefore, upon engaging in “a very simple statistical
calculation, which is based on some sampling theory,” Dr. Melton concluded
that 99.94% of North Americans would not be expected to have this profile.”
Or, conversely, “no more than six one-hundredths of one percent of North
Americans would be expected to have this type.” Therefore, 99.94% of the
population of North America would be excluded as the source of this partic-
ular DNA sequence. Reid, at 12*.

141. Reid, at 12*.

142. Reid, at 18*. The court stressed that the newly discovered mtDNA evidence
must be considered, not just in the context of the victim’s identification, but
also in the context of the entire evidence, including the Settachatgul testi-
mony, and, various other portions of M.’s testimony. As petitioner points out,
Mr. Settachatgul’s expert testimony was the only forensic evidence tending
to connect petitioner to the commission of this crime. At this point, the
probative value of microscopically visible similarities between the known and
unknown hair samples is substantially diminished by the results of the
mtDNA testing excluding Mark Reid as a source of the unknown hairs. Left
is Mr. Settachatgul’s conclusion that the unknown hair samples are Negroid
pubic hairs, which conclusion is not placed in question by Mitotyping testing
covered by the May 9, 2002 report. The Settachatgul conclusion as to Negroid
origin, however, is placed in question by the report of June 3, 2003 indicating
that the victim (white) cannot be excluded as the contributor of the ques-
tioned hairs; although Dr. Melton made clear the mtDNA testing could not
distinguish race or gender, she also testified that “no more than six one-
hundredths of one percent of North Americans would be expected to have”
the same mtDNA profile found in both M’s buccal swab and the three ques-
tioned hairs. (FN34) As to the three unknown samples being pubic hair, there
was no apparent reason to reject Mr. Settachatgul’s conclusion regarding
somatic origin. Reid, at 19*.

143. Reid, at 20*–21*.
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4Fiber Analysis

(F)or the limits to which our thoughts are confined, are small in
respect of the vast extent of Nature it self; some parts of it are too
large to be comprehended, and some too little to be perceived,
and from thence it must follow, that not having a full sensation
of the object, we must be very lame and imperfect in our concep-
tions about it, and in all the propositions which we build upon
it; hence we often take the Shadow of things for the substance,
small appearances for good similitudes, similitudes for definitions;
and even many of those, which we think to be the most solid
definitions, are rather expressions of our misguided apprehen-
sions than of the true nature of the things themselves.

Robert Hooke, Micrographia (1665)

I. Introduction

The 2004 14th Interpol Forensic Science Symposium Review paper1 on fiber
(fibre) covers advances in scientific methods applied to the forensic exami-
nation of fibres reported since the 13th Interpol Forensic Science Symposium
in October 2001. A literature review was conducted covering articles pub-
lished in the principal forensic science journals, supplemented by an extensive
search of Internet sources, for articles related to forensic fibre examination.2

The authors took note that the scientific working groups (SWGs) in Europe
and North America had been active in attempting to coordinate training,
research efforts, and the development of protocols for forensic fibre exami-
nation, including laboratory analysis and determination of the evidential
value of any such analyses.3 The European Fibres Group (EFG) also published
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in late 2001 the Manual of Best Practice for the Forensic Examination of Fibres.
This document is credited with significantly raising the standard of forensic
fibre examination on a world basis.4

The Fibres Report noted that contamination was found to be a major
issue, stressing that careful consideration should also be given as to whether
legitimate contact could have occurred prior to an offence being committed.
According to Wiggins and Grieves, leading authors in the forensic hair area,
the efficiency of the examination should be improved and the evidential value
of the findings should be expressed in a clearer way. Areas where particular
progress could be made were listed as:

• Improved communication and exchange of information between the
investigator and the scientist

• Streamlining analysis by using the latest equipment, effective case
management

• Better use of existing data pertaining to fibre frequencies, accumulat-
ing new data by using the resources of working groups, and improving
training procedures especially in the area of evidence interpretation.5

Efficient and correct fiber recovery is, as with all crime scene collection,
a crucial step for any forensic fiber examination. The Fibres Report analyzes
recent literature addressing manual recovery with tweezers, tape lifting, scrap-
ing, and vacuuming, noting differences between European and American prac-
tices. The report notes the increased risk of contamination when the scraping
method6 is used because of an increased number of loose fibers transferred
onto the examiner’s clothing and fibers when exiting the search room. The
paper concludes that it is unlikely that a completely clean search room could
be obtained, but concluded, with proper precautions, that it is possible to
minimize and monitor the contaminant fiber sample population.7 The Report
notes the absence of any truly new techniques for fiber analysis and considers
current practices as to fiber materials and dye lots8 adequate.

The Report emphasized that the interpretation of fiber evidence had been
consistently recognized as the most challenging topic related to the forensic
examination of fibers. The authors noted that much modeling and empirical
research has occurred in the last 15 years, with the last three years being no
different, and many studies reported:

The question of commonality in fibre evidence is often posed to
the expert, suggesting that the acquired evidence is not significant.
Knowledge of the frequency of occurrence of fibre types in a given
population and of the chance of a random nondiscrimination is
therefore required to assess the evidential value of finding fibres
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that could not be differentiated from a suspect source. This infor-
mation becomes increasingly important when a Bayesian model
is applied to the interpretation of fibre evidence.9

The Report authors examined a series of studies about attempts
to identify factors in large samples that might show the specificity
and value of transferred fibres in providing forensic evidence.10

Recent studies of the transfer and persistence of fibers were con-
sidered of prime importance in the fiber area, especially the cross-
transfer of fibers and the dependencies that could exist between
the number of fibers transferred in one direction and the number
of fibers transferred in the other direction.11 

The Fibre Report stressed the ongoing importance of general background
knowledge in recent textile technology (UV absorbers, new finishing agents,
etc.) The Report provides a long list of Web sites containing a wide variety
of current fiber industry information, from manufacture listings, dye com-
panies, and a host of expert fiber groups.12 The Report ended on an optimistic
note:

Significant progress has been made in the last three years in placing the
forensic examination of fibres on a sound basis. The work of peak bodies,
such as the European Network of Forensic Science Institutes (ENFSI), Euro-
pean Fibres Group (EFG) and the Fiber subgroup of FBI Scientific Working
Group on Materials Analysis (SWGMAT) has been central, resulting in a
manual of best practice and a comprehensive training manual.13

The Fibre Report contains discussions or references to 78 of the significant
papers published between 2001 and May 2004. The 14th Interpol Forensic
Science Symposium Review paper is well worth downloading and examining.
The fiber section, as all other sections, provides an excellent current synopsis
and bibliography of world forensic science literature. It is available free of
charge at the Interpol site at http\\www.interpol.org/forensic.

II. Fiber Evidence in the Courtroom

What can a simple fiber tell us from a class characteristic standpoint? To what
degree should police and defense counsel be concerned with weather, tem-
perature, terrain, wildlife, and other nonfiber elements invariably present in
many crime scene scenarios that may effect the legitimacy of any opinions
regarding fiber datum?14 What are potential fiber sources in each crime scene? 

What is there to compare in fiber analyses?15 What are the comparison
points to look at in attempts to connect fibers found at the crime scene to
fibers associated with the defendant in the case at hand? Initially, it is important
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to identify the broadest categories of fibers and then work down to the fiber
characteristics actually used in making fiber comparisons and accompanying
pronouncements by forensic specialists. The FBI has substantially upgraded
the offerings on its Web site, one of which is the Forensic Fiber Examination
Guidelines, published by the FBISWGMAT. This is an extensive release of
technical papers about fiber analysis, including materials on the general
background to this discipline, fiber analysis and modern microscopy, visible
spectroscopy, thin-layer chromatography of nonreactive dyes in textile fibers,
pyrolysis gas chromatography of textile fibers, infrared analysis of textile
fibers, and fabrics and cordage.16 Despite recent criticisms of practices at the
FBI laboratory, the forensic collection practices, trace evidence, impression
and DNA databases and testing protocols, and standards remain the primary
judicial reference for forensic science standards. These standards are not
foolproof, as evidenced by the recent FBI misidentification of the fingerprints
in the Brian Mayfield Spanish train-bombing scandal.17 However, courts are
not likely to dismiss lightly the recommendations of the Federal Bureau of
Investigation.18 

Fibers fall into two broad categories, natural and manmade.19 Both types
are used in the manufacture of commercial products of a wide variety, rang-
ing from all types of apparel, automobile seat covers, and home, office, and
automobile coverings. All commercial applications have an immense variety
of styles and colors to choose from. Most of such fiber and the commercial
processes used to produce the fiber and its applications are patented and
collected in massive proprietary databases maintained by manufacturers.20

Natural fibers are broken down into three categories of animal, vegetable,
and mineral. Animal fibers used in commercial production, led by wool, are
wool, silk, camel hair, and a wide variety of furs, such as mink, raccoon,
chinchilla, and alpaca. The vegetable category contains such fibers as cotton,
linen, hemp, sisal, and jute. Cotton is the primary fiber used in commercial
applications.21 Fiber materials, classified under the term mineral, include
asbestos, glass wool, and fiberglass. 

Synthetic fibers are extensive in category and subcategory, but may be
readily identified due to the massive commercial and FBI database collections
used for proprietary and investigative purposes. Synthetic fiber categories
include acetates, acrylics, aramid, modacrylic, nylon, olefin, polyester, PBI,
PBF, rayon, spandex, Sulfar, and Vinyon.22

Many synthetic fiber categories exist, with an extensive listing of brand
names under each heading.23 Those listed represent a general sampling. With
the available databases, the chance of identifying the generic type, origin,
and a typical commercial source of fibers found at a crime scene is excellent.
The question remains how many others in the general population have clothing,
carpeting, etc., that would yield similar consistent-in-all-respects forensic
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conclusions. The class characteristic statements in the fiber area are signifi-
cant aids to getting an investigation focused and moving toward a suspect.

In Chapter 2, Science, Forensic Science, and Evidence, a discussion relat-
ing to fiber evidence was initiated during the course of the case study analysis
of the case of People v. Sutherland.24 That case involved considerable fiber
transfers from the seats and floor covering of defendant’s car to the body of
the child victim and of the victim’s shorts to the defendant’s car. This chapter
concentrates on fiber cases only, introducing a significant problem for defen-
dants, as in hair cases, of an absence of databases to determine the presence
in the general population of fibers of a similar laboratory match. Fiber tes-
timony is subject to the same linguistic limitations of all other trace evidence
categories, i.e., conclusions may only be couched in less than certain or
absolute terms. 

In State v. Dawkins,25 a routine fiber setting, defendant was convicted of
first-degree murder. Significant fiber evidence was introduced against him at
trial.

Responding to the defendant’s first argument that there was not sufficient
evidence that defendant was the perpetrator of the crime, the court noted
that fibers found in the victim’s hair and the towel and blanket in which she
was wrapped were consistent with the carpet found in defendant’s house in
the master bedroom. There was no sign of forcible entry into defendant’s house.
Luminol testing revealed the presence of blood not belonging to defendant
on his master bedroom carpet around the bed and toward the entrance of
the bedroom. Red and black acrylic fibers, consistent with the blanket in
which the victim’s body was wrapped, were found in the defendant’s boat.26

The testimonial qualifications for a forensic hair expert remain fairly
minimal, as recently demonstrated in a 2004 Georgia case, Fox v. State.27

Here, defendant was convicted of rape and aggravated sodomy. Fiber evi-
dence was presented against him and he objected to the state’s expert due to
her minimal qualifications. The appellate court ruled that the trial court did
not abuse its discretion in qualifying the state’s witness as expert in fiber
analysis, even though she had never testified as a fiber expert before. The
court noted that a witness may be qualified as expert based on knowledge
gained through study or experience and, to qualify as expert, generally all
that was required is that the person be knowledgeable in a particular matter
and that any such special knowledge may be derived from experience, as well
as study, and formal education in the subject was not requisite for expert
status:

Here, the State’s expert fiber analyst had worked at the Georgia
Bureau of Investigation (GBI) for two years as a microanalyst in
the Forensic Sciences Division, and had a bachelor of science
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degree in Forensic Science. She also completed a nine-month
training course in the hair and fiber fields, and “completed several
oral and written tests.” Her duties included analyzing, comparing,
and evaluating physical evidence, such as hairs, fibers, and shoe-
prints. She had worked on approximately 50 cases while she was
employed at the GBI. Previously, she had testified as an expert in
hair analysis and physical evidence, but not as a fiber expert.28

A typical “consistent with” opinion was recently addressed in the Ten-
nessee case of State v. Rogers,29 where the defendant was convicted of first-
degree murder and kidnapping. FBI Scientist Max Houck testified that he took
fiber samples vacuumed from the defendant’s car and the defendant’s carpet
at his residence and compared them with fibers taken from the victim’s shorts.
He identified light-yellow carpet fibers in the samples taken from the defen-
dant’s car and residence that “exhibited the same microscopic characteristics
and optical properties” as fibers taken from the victim’s shorts. Although he
could not identify the source of the fibers, the fibers appeared to have the
same properties and characteristics as samples taken from the living-room
carpet in the defendant’s residence. Agent Houck testified that either the
victim’s shorts had been in the defendant’s living room, or the fibers had
been transferred to the shorts through contact. He explained that the fibers
could have been transferred to the defendant’s car via the defendant’s shoes
or clothing and then transferred to the victim’s shorts if she came into contact
with the defendant’s car. Additionally, FBI Chemist Ronald Menold tested
the fibers forwarded to him by Agent Houck. He found the fibers from the
victim’s shorts and the vacuumings of the defendant’s car and residence to
be consistent in polymeric composition.30 Once again, database examination
of the frequency of any such match was not provided. Agent Houck is the
author of an important paper published by the FBI supporting the opinions
of trace evidence experts even with any support from population databases
with respect to the trace evidence at issue.31

III. Discovery

Broeckel v. State32 was a case addressing discovery issues in a routine micro-
scopic fiber analysis setting. Here, defendant was convicted of first-degree
sexual assault. Defendant assaulted the adult victim at his home during the
course of a social visit. The state submitted a number of items to the state
crime lab for testing, including the defendant’s bathrobe and items of the
victim’s clothing that had been collected in the investigation. The victim’s
clothing was examined to see if there were fibers that matched those from
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Broeckel’s robe. The court set out its basic understanding of the fiber exam-
ination process:

Fibers that compose a garment have identifying characteristics
such as the color, shape, and origin of the material from which
they are made. When one garment comes in contact with another,
small fibers can transfer. Fibers can be collected from a garment,
as by the lab here, with a tapelift, which is essentially similar to a
sizable piece of adhesive tape that can be applied to successive
areas of the garment causing loose fibers to stick to it. The tape
is then examined under magnification in an attempt to locate
fibers that could have originated from another garment.33

In the laboratory’s original examination, fibers with the same
color, composition, and shape as those from Broeckel’s robe were
found on the victim’s pants, pantyhose, bra, and blouse.

A discovery violation was alleged by defendant based upon his investi-
gator’s subsequent interview with lab personnel. Broeckel’s investigator spoke
to state criminalist Janeice Fair about her report, when she allegedly stated
that she had found fibers that matched fibers from Broeckel’s bathrobe on
every item of victim A.D.’s clothing, but she did not find any on the inside
of A.D.’s pants. Soon after, Fair reexamined the tapelifts originally taken from
the victim’s clothing and, upon such reexamination, she concluded that some
of the fibers that matched fibers from Broeckel’s robe on the tapelift originally
were taken from inside the victim’s body, having apparently having been
overlooked during her original internal examination. The first the defense
knew about this was when Fair testified at trial that she had found fibers that
matched fibers from Broeckel’s robe inside the pants.

Broeckel argued that his case had been irretrievably prejudiced because
his opening statement and his cross-examination of prosecution witnesses
had been carried out in the expectation that Fair would testify that no fibers
were found inside A.D.’s pants.34

In affirming defendant’s conviction, the court ruled the impact of dis-
covery violations based on a mistake in the criminalist’s reports as to the
absence of fibers on certain clothing of the victim and the expert’s subsequent
change in testimony did not warrant a reversal. The court concluded that
the absence of matching fibers inside the victim’s pants would not have ruled
out the assault:

Although Broeckel and his counsel were surprised by the discovery
violation, they had not promised the jury that they would present
any evidence regarding the presence or absence of fibers. Whether
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or not Fair originally found fibers on the tapelift taken from the
inside of A.D.’s pants that matched fibers from Broeckel’s robe,
Broeckel knew before trial that Fair had found matching fibers on
tapelifts taken from all of the other items of A.D.’s clothing and
on the tapelift from the outside of A.D.’s pants. Also, the prose-
cutor did not argue that the fibers inside the pants had any greater
significance than the presence of fibers on A.D.’s other articles of
clothing. The absence of matching fibers inside A.D.’s pants would
not have ruled out the assault. The matching fiber evidence only
supports the conclusion that Broeckel’s robe was likely to have
come in contact with A.D.’s clothing. Even if there had been no
matching fibers on the inside of A.D.’s pants, the absence of those
fibers would not have undermined the state’s case in the manner
argued by Broeckel, because the testing found fibers on every item
of A.D.’s clothing including A.D.’s pantyhose.

The matching fiber evidence only supported the conclusion that
defendant’s robe was likely to have come in contact with the vic-
tim’s clothing.35

Fiber cases differ from hair cases in that the initial determination of its
basic character is significantly more complex than determining if a human
hair was male, female, Caucasian, Negroid, or Asian and from what portion
of the body it came. These crucial matters are revisited in the discussions of
the Wayne Williams Atlanta murders case discussed next.

The best-known, if not the best-reasoned fiber case in American legal
history involving fiber evidence issues is the Wayne Williams trial growing
out of the famous Atlanta murders of twelve young African-American males
in 1979–1980.36 The Williams case involved all of the subjects still in contro-
versy as we enter the world of forensic science and forensic evidence in the
21st century. How do we gain sufficient knowledge of fiber manufacture,
dyes, commercial applications, and differences among them, to make any
intelligent class characteristic or individual-linking statements in a criminal
case? What are the primary characteristics of fibers per se or fiber types that
allow for a comparative examination? How does the absence of meaningful
fiber match databases from which to engage in population frequency analyses
affect our confidence in the meaningfulness of fiber testimony? How do
probability analyses work here? Are these analyses better, worse, or the same
as in any other trace evidence exercise attempting to link a suspect to a crime
scene? 

In Williams v. State,37 defendant was charged and convicted of two of the
twelve murders actually involved. Given the centrality of the Williams case
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in fiber analysis literature and judicial authorities, a detailed recitation of the
central facts and forensic analyses is warranted. In a case of such complexity,
it is essential to always place whatever forensic claims that are made squarely
in the midst of the nonforensic context where they arose. Probabilistically
based forensic facts originate from real-world contexts that support or deter
from belief in the fact for which it is offered. The crime scene facts are the
thread weaving all forensic claims and give them meaning and credibility.
The central issues raised by Williams on appeal focused on the collection,
testing, and testimony as regards certain fibers located in Williams’ home
and automobiles and linked by experts to similar fibers found on a number
of the murder victims. 

IV. Wayne Williams Case

Initially the court set out a recital of facts the jury would have been authorized
to find from the evidence presented on the homicides of Jimmy Ray Payne
and Nathaniel Carter, the two crimes with which appellant was charged. Over
a 22-month period beginning in July 1979, more than thirty African-American
children and young men were reported as missing in the Atlanta, Georgia
area. Williams was charged with the murder of two of the victims, Nathaniel
Carter, aged 28, and Jimmy Payne, aged 21. The murders of ten other victims
were linked to Williams in support of the identity element, by way of complex
fiber analysis testimony. Some victims were found floating in the Chattahoochee
River, while others were discovered on or near rural roads or abandoned
buildings in the Atlanta area.38

Victim Payne was 21 years of age, unemployed, and had no automobile
or driver’s license. A product of a broken home, he lived with his mother,
sister, and girlfriend. The late morning of April 21, 1981, was the last time
Payne was seen by any member of his household. It was then he told his
mother he was on his way to the Omni. The following day a witness saw
Williams and Payne standing by a taxi cab that was stopped on Highway 78
approximately one mile from the Chattahoochee River. The witness saw
Williams and Payne talking to the driver of the taxicab, and he also saw a
white station wagon parked on the opposite side of the street from the cab.

Payne’s body was discovered clad only in red shorts in the Chattahoochee
River on April 27, 1981. The medical examination and autopsy resulted in
opinion evidence that the cause of death was asphyxia by an undetermined
method.39

The state presented the testimony of seven fiber and hair associations
between Wayne Williams and Jimmy Ray Payne. Larry Peterson testified:
1) that two pale-violet acetate fibers removed from Payne were consistent
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with violet acetate fibers present in the bedspread of Williams, except that
they were lighter in color; 2) that three green Wellman-type fibers removed
from Payne’s shorts were similar to and could have originated from appel-
lant’s bedroom carpet, again, except that they were lighter in color; 3) that
a blue-green or blue-gray rayon fiber removed from Payne was consistent
with the rayon fibers comprising the carpet of the 1970 station wagon; 4) that
several light-yellow rayon fibers and a light-yellow acrylic fiber found on
Payne were consistent with fibers composing the yellow blanket found in
appellant’s bedroom, except that they were lighter in color; and 5) that a blue
acrylic fiber removed from Payne was consistent with the blue acrylic fibers
that composed the blue throw rug found in appellant’s bathroom. Harold
Deadman testified: 1) that a blue rayon fiber removed from Payne was con-
sistent with blue rayon fibers, for which no source was known, found in
various fibrous debris removed from the Williams home, and 2) that the
approximately seven animal hairs removed from Payne could have originated
from appellant’s German Shepherd dog. There was evidence that the fibers
found on Payne that were lighter in color than their supposed counterparts
from the Williams environment were lighter because of their exposure to
river water.40

Nathaniel Carter was 28 years old, lived at the Falcon Hotel in downtown
Atlanta, and did not own an automobile. Robert Henry, a friend of Carter,
saw Carter holding hands with Wayne Williams outside the Rialto Theatre
about 9:00 to 9:15 p.m. on May 21, 1981. About 3:00 a.m., May 22, 1981, a
member of a police surveillance team stationed at the Jackson Parkway Bridge
heard a loud splash in the Chattahoochee River and saw a circle of waves
form on the water. An automobile was then observed starting up and crossing
the bridge. When the car was stopped, it was found to be a white Chevrolet
station wagon and Wayne Williams was the driver. Carter’s body was discovered
in the Chattahoochee River on Sunday, May 24, 1981. It was located about
200 yards downstream from Interstate Highway 285 (the body was found
only a short distance from the location at which the Payne body was found).
The medical examination and autopsy of the body revealed Carter weighed
about 146 pounds and that his death was caused by asphyxia due to some
kind of choke hold formed with a broad, soft surface such as a forearm.

Carter’s body was nude; therefore, only his pubic and head hair regions
were capable of holding fiber or hair evidence.41 Even so, several fibers and
hairs were recovered. Larry Peterson testified: 1) that two pale-violet acetate
fibers removed from the head hair of Carter had the same characteristics as
the violet acetate fibers present in Williams’s bedspread, except that they were
lighter in color; 2) that a green nylon fiber removed from Carter’s head hair
had similar characteristics and properties as the fibers that composed the
carpet in appellant’s bedroom, except that it was lighter in color; 3) that a
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green polypropylene fiber taken from Carter’s pubic hair had the same micro-
scopic and optical characteristics as the fibers that composed the carpet in
the workroom in the Williams home; 4) that a melted nylon fiber removed
from Carter’s head hair was consistent with nylon fibers found in the fibrous
debris vacuumed from appellant’s 1970 station wagon; 5) that a yellow rayon
fiber removed from Carter’s hair was consistent with the properties of the
fibers present in the yellow blanket found in appellant’s bedroom, except that
it was lighter in color; and 6) that four animal hairs recovered from Carter
were consistent with the characteristics of the hair of Williams’ dog. There
was evidence that the fibers found on Carter that were lighter in color than
their supposed counterparts in the Williams environment were lighter because
of their exposure to river water.42

The court next set out the evidence pertaining to connections between
Williams and the other ten murder victims. The circumstantial evidence
linking the defendant and each of these ten other victims was a combination
of the range of similarity in the victims’ lack of a strong family base, some
sightings of the victim with Wayne Williams, and most importantly evidence
of fiber found on each that experts testified was linked to his home or
automobiles. The fiber testimony was presented as to each victim by Agent
Harold Deadman of the Federal Bureau of Investigation’s lab. The actual
comparisons were conducted by three state’s experts: FBI Microanalyst
Harold Deadman, GBI employee Larry Peterson, and Royal Canadian
Mounted Police employee Barry Gaudette.43

The types of fibers and hairs that Agent Deadman testified were taken
from appellant and his environment, along with the items from which they
were taken, are as follows:

1. Violet acetate and green cotton fibers representing the composition
of a bedspread found in Williams’ bedroom

2. Green and yellow nylon fibers used to fabricate the carpet found in
Williams’ bedroom

3. Dog hairs removed from Williams’ German Shepherd
4. Yellow rayon and acrylic fibers used to fabricate a yellow blanket

found in Williams’ bedroom
5. Rayon and nylon fibers used to fabricate the carpet of a white 1970

Chevrolet station wagon to which Williams had access during part of
the period over which the crimes occurred

6. Blue acrylic fibers used to fabricate a blue throw rug found in the
porch or garage area of Williams’ home

7. Polypropylene fibers used to fabricate a carpet located in a workroom
in the back of Williams’ home that was adjacent to his bedroom
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8. Yellow nylon, blue rayon, white polyester, and pigmented polypropy-
lene fibers, for which no source from Williams’ environment was
identified, but which were recovered from vacuum sweepings made
by the state of defendant’s 1970 station wagon

9. Fibrous debris removed from a vacuum cleaner found in Williams’
home

10. White polypropylene fibers used to fabricate the trunk liner of a 1978
Plymouth Fury to which Williams had access during part of the period
over which the crimes in question occurred

11. White acrylic and secondary acetate fibers used to fabricate the trunk
liner and red tri-lobal nylon fibers used to fabricate the interior carpet
of a burgundy colored 1979 Ford LTD to which Williams had access
during part of the period over which the crimes in question occurred

12. Blue secondary acetate fibers representing the composition of a bed-
spread taken from the porch or garage area of Williams’ home

13. Brown woolen and rayon fibers that composed the lining of a leather
jacket owned by Williams

14. Gray acrylic fibers used to fabricate a gray glove that was found in
the glove compartment of Williams’ 1970 station wagon

15. Yellow nylon fibers that were used to fabricate a toilet seat cover taken
from the Williams home and that were found in the fibrous debris
vacuumed from the 1970 station wagon

16. Yellow acrylic fibers used to fabricate a carpet that was found in the
kitchen of Williams’ home44

Significant amounts of fiber evidence was presented by Deadman and
supported by expert Larry Peterson, allegedly linking Wayne Williams to ten
other young victims in addition to the two for whose murder he was on trial. 

The state offered expert testimony of four fiber and hair associations
between Williams and victim Alfred Evans, aged 15. FBI Agent Harold Dead-
man testified that two violet acetate fibers removed from Evans exhibited the
same microscopic and optical properties as violet acetate fibers removed from
the bedspread of appellant; that a fiber removed from Evans exhibited the
same microscopic and optical properties as the Wellman fibers present in the
carpet in Williams’ bedroom and could have originated from that carpet;
that six polypropylene fibers found on Evans could have originated from the
trunk liner of Williams’ 1978 Plymouth Fury; and that animal hairs removed
from Evans could have originated from defendant’s dog.45

The linking fiber evidence as to Eric Middlebrook, aged 14, consisted of
testimony by Agent Deadman that four violet acetate fibers removed from
Middlebrook were consistent with having originated from Williams’ bed-
spread; that 32 red nylon fibers that were found in a clump on one of his
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shoes could have originated from the interior carpet of the 1979 Ford LTD;
that two white acrylic and two secondary acetate fibers found on
Middlebrook could have originated from the trunk liner of the 1979 Ford;
that one yellow nylon fiber found on Middlebrook could have originated
from either the toilet cover in the Williams home or from the same source
(unidentified) that produced the loose yellow nylon fibers that were found
in the debris vacuumed from the 1970 Chevrolet station wagon; and finally,
that one animal hair removed from Middlebrook could have originated from
Williams’ dog.46

The body of Charles Stephens, aged 12, was also found to contain similar
fiber samples. Agent Deadman testified that it contained thirty-five violet
acetate and a number of green cotton fibers that could have originated from
the bedspread found on Williams’ bed; that three yellow nylon fibers removed
from Stephens could have originated from the carpet found in Williams’
bedroom; that two polypropylene fibers found on Stephens could have orig-
inated from the workroom in the back of the Williams home; that about
thirty undyed synthetic and about 20 secondary acetate fibers recovered from
Stephens were consistent with having originated from the trunk liner of the
1979 Ford LTD; that nine blue rayon fibers found on Stephens were similar
to blue rayon fibers, the source of which was unknown, found in debris
vacuumed from the 1970 station wagon, debris removed from the sweeper
found in the Williams home, and debris removed from the bedspread found
in Williams’ bedroom; that one yellow nylon fiber taken from Stephens could
have originated from the toilet cover found in the Williams home, or from
the same source, which was unknown, that produced the yellow nylon fibers
found on some of Williams’ clothing in the debris removed from the 1970
station wagon; that five coarse white polyester fibers removed from Stephens
could have originated from the same source (unknown) that produced the
white polyester fibers removed from a white rug found in Williams’ 1970
station wagon; and finally that the approximately seventeen animal hairs
found on Stephens could have originated from Williams’ dog.47

Regarding victim Terry Pue, aged 15, Deadman testified that over one
hundred violet acetate and a number of green cotton fibers found on Pue were
all consistent with having originated from the bedspread found in Williams’
bedroom; that three yellow nylon fibers found on Pue could have originated
from the carpet located in Williams’ bedroom; that two pale green polypro-
pylene fibers removed from Pue could have originated from the carpet located
in the workroom in the back of the Williams home; that one coarse white
polyester fiber recovered from Pue had the same properties as white polyester
fibers, the source of which was unknown, vacuumed from the rug and inte-
rior of Williams’ 1970 station wagon; and that approximately seventeen ani-
mal hairs found on Pue could have originated from Williams’ dog.48
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Deadman testified regarding victim Lubie Geter, aged 14, that several
violet acetate fibers found on Geter were consistent with having originated
from the bedspread found in Williams’ bedroom; that five yellow nylon carpet
fibers removed from Geter had the same characteristics as the fibers present
in the carpet located in Williams’ bedroom; that one yellow acrylic fiber
discovered on Geter could have originated from a carpet found in the kitchen
of the Williams home; that a green rayon fiber found on Geter could have
originated from the carpet of Williams’ 1970 station wagon; and that ten
animal hairs removed from the body could have come from Williams’ dog.49

The body of Patrick Baltazar, aged 11, was found by Deadmen to contain
violet acetate and green cotton fibers consistent with having originated from
Williams’ bedspread; that seven yellow nylon Wellman-type fibers removed
from Baltazar exhibited the same characteristics and properties as fibers
present in the carpet located in Williams’ bedroom and could have originated
from that carpet; that four yellow rayon fibers removed from Baltazar’s jacket
could have come from the yellow blanket found in Williams’ bedroom; that
four deteriorated rayon fibers, ranging in color from green to yellow, could
have originated from the carpet of Williams’ 1970 station wagon; that two
woolen fibers and one rayon fiber found on Baltazar’s remains exhibited the
same characteristics as woolen and rayon fibers taken from the cloth waist-
band of Williams’ leather jacket; that thirteen gray acrylic fibers removed
from the tee shirt, jacket, and shirt of Baltazar could have originated from
the gray glove that was found in the glove compartment of Williams’ 1970
station wagon; that a light-yellow nylon fiber, a coarse white polyester fiber,
and a pigmented polypropylene fiber had the same properties as fibers
present in the debris vacuumed from the 1970 station wagon, and could have
originated from the same sources (unknown) that produced the fibers dis-
covered in the debris; that the approximately twenty animal hairs found on
the clothing of Baltazar could have come from Williams’ dog; and that two
scalp hairs removed from Baltazar were inconsistent with Baltazar’s own scalp
hair, but were consistent with scalp hairs taken from Williams, and could
have originated from appellant.50

With respect to the body of 18-year-old Larry Rogers, Deadman testified
that it was found to contain thirteen violet acetate fibers consistent with the
violet acetate fibers taken from Williams’ bedspread; that three yellow-green
nylon fibers removed from Rogers were similar to the Wellman fibers found
in Williams’ bedroom carpet; that eight yellow rayon fibers discovered on
Rogers could have originated from the yellow blanket found in Williams’
bedroom; that one yellow-brown to green fiber taken from Rogers could have
come from the carpet of the 1970 station wagon; that two secondary acetate
fibers removed from the deceased’s shorts could have originated from the
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bedspread that was found in Williams’ garage; and that a light-yellow nylon
fiber removed from the head hair of Rogers exhibited the same characteristics
as yellow nylon fibers removed from the toilet cover found in Williams’ home,
from the sweepings made of the 1970 station wagon, and from several items
of clothing of appellant.51

The fully clothed body of twenty-eight-year-old John Porter was found by
Deadman and the other experts to contain violet acetate and green cotton
fibers that could have originated from Williams’ bedspread; that one yellow-
green nylon fiber removed from the sheet used to carry Porter exhibited the
same characteristics as the Wellman fibers making up Williams’ bedroom
carpet and could have originated from that carpet; that three yellow rayon
fibers removed from Porter matched the yellow rayon fibers removed from the
blanket found in Williams’ bedroom; that several green rayon fibers removed
from Porter could have originated from the carpet of the 1970 station wagon;
that two secondary acetate fibers removed from Porter could have originated
from the bedspread found in the carport of the Williams home; that a blue
rayon fiber found on Porter could have come from the same source (unknown)
that produced the blue rayon fibers found in the debris removed from the
1970 station wagon and in the debris removed from the vacuum cleaner found
in Williams’ home; and that the approximately seven animal hairs removed
from Porter were consistent with having originated from Williams’ dog.52

The remains of Joseph Bell, aged 15, contained five blue rayon fibers that
were similar to rayon fibers recovered from debris collected from the 1970
station wagon and from debris collected from Williams’ bedspread; and two
pale-violet acetate fibers that were consistent with the fibers present in the
bedspread of Williams, with the exception that they were considerably lighter
in color.53

Agent Deadman testified that with respect to the body of William Barrett,
aged 16, it contained many violet acetate and green cotton fibers that could
have originated from Williams’ bedspread; that five yellow-green nylon fibers
recovered from Barrett could have originated from Williams’ bedroom car-
pet; that seven yellow rayon fibers removed from Barrett could have origi-
nated from the blanket found under Williams’ bed; that a blue rayon fiber
recovered from Barrett had the same characteristics as blue rayon fibers
recovered from the debris removed from the station wagon, from the vacuum
cleaner found in Williams’ home, and from his bedspread; that approximately
thirty gray acrylic fibers recovered from Barrett could have originated from
the glove recovered from the glove compartment of defendant’s 1970 station
wagon; that three fibers removed from Barrett could have originated from
the carpet of the 1970 station wagon; and that the approximately thirteen
animal hairs recovered from Barrett could have come from Williams’ dog.54
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Although there was significant fiber evidence, as set forth above, the court
recognized that the principal support for the state’s fiber evidence case was
expert testimony concerning the alleged uniqueness of two types of carpet
fibers recovered and analyzed by the state’s experts: the green nylon carpet
in Williams’ bedroom, and the green-black rayon floorboard carpet of the
1970 Chevrolet station wagon Williams was driving the night he was discov-
ered near the Jackson Parkway bridge.55

The carpet found in Williams’ bedroom was central to the forensic fiber
testimony in the case, being referenced as unique in its textile makeup and
in its pattern of commercial manufacture, sale, and subsequent distribution.
The director of technical services for Wellman, Incorporated, a Boston, Mas-
sachusetts manufacturer of synthetic textile fibers, testified that he had begun
working for Wellman in 1967, and that one of the first things he was asked
to do was to assist in the development of a synthetic fiber known as the 181-b.
According to the director, this fiber had an unusual shape, trilobal with two
long lobes and one short lobe, which was designed to avoid infringing upon
a patented DuPont equilateral trilobal shape. The witness was shown state’s
exhibit #616, which was identified as a scanning electron microscope photo-
graph of a fiber from the green carpet in Williams’ bedroom, and he said it
appeared to be a Wellman 181-b fiber. Gene Baggett, an employee of West
Point Pepperell, a Dalton, Georgia carpet manufacturing company, testified
that his company had purchased the Wellman fibers in 1970 and 1971 and
used the Wellman 181-b fiber to manufacture several lines of carpet, includ-
ing lines known as Luxaire and Dreamer, both of which, he testified, had
been colored with a dye formulation dubbed English Olive. He testified that
while he was not a chemist, and was not qualified to perform microscopic
analysis and identification of single fibers, based upon his visual inspection
of such aggregate physical characteristics as height of pile, weight of carpet,
and type of backing, the company sample appeared to be similar to a similar
fiber taken from defendant’s home.56

Harold Deadman testified that the FBI had obtained the latter exhibit
from West Point Pepperell, which had identified it as a piece of Luxaire and
that based on his examination of the gross physical characteristics of the two
exhibits, he could find no significant differences in their construction, and
concluded that “in all probability they were manufactured by the same com-
pany. They certainly could have come from the same source.”57

Harold Deadman compared the gross physical characteristics of the com-
mercial carpet sample with a piece of the Williams bedroom carpet and
concluded that there were no significant differences in construction and that
hence they were probably manufactured by the same company. Deadman
relied on Luxaire and Dreamer sales records of West Point Pepperell, infor-
mation orally supplied him by Baggett, housing statistics provided by the
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Atlanta Regional Commission, and according to the dissent, a number of
wholly speculative assumptions (chief of which was that the Williams carpet
was in fact a West Point Luxaire or Dreamer English Olive carpet), Deadman
attempted to use the calculus of compound probabilities to perform a series
of calculations to establish the rarity of that type of carpet in the Atlanta
metropolitan area.58 

Deadman concluded that there was a one in 7792 chance of randomly
selecting a home in the Atlanta area and finding a room containing carpet
similar to the Williams bedroom carpet. Regarding the green-black 1970
Chevrolet carpet, both Deadman and his fellow expert Peterson testified that
they had information indicating that in the Atlanta area only 620 out of over
two million cars had that type of carpet. Deadman explained that this data
had been supplied by the General Motors Corporation.59

Williams argued that in addition to the substantial error in allowing
evidence as to ten murders for which he was never charged, the court erred
in permitting Deadman to discuss mathematical probabilities concerning the
fiber evidence and in permitting the prosecutor to argue mathematical prob-
abilities to the jury. The majority, in a surprisingly terse ruling, held that
neither of those contentions had merit, as experts were permitted to give
their opinions, based upon their knowledge, including mathematical com-
putations. Counsel is given wide latitude in closing argument, the court
opined, and is not prohibited from suggesting to the jury inferences that
might be drawn from the evidence. Such suggestions may include those based
upon mathematical probabilities.60

The sole dissent, Justice Smith, noted that during closing arguments the
district attorney summarized this testimony and then proceeded to embellish
his summary with his personal attempt to quantify the probative force of the
fiber evidence:

Accordingly, he rounded off the figures for the 181-b bedroom
carpet and the green-black floorboard carpet and multiplied them
together calculate the chances “that there is another house in
Atlanta that has the same kind of carpet as the Williams house
and that the people who live in that house have the same type
station wagon as the Williamses do …”, arriving at a probability
of one in forty million. Adjusting this figure to account for an
additional assumption of his own, the prosecutor argued that the
appropriate figure was actually one in an astounding one hundred
fifty million.61

Taken at face value, Justice Smith continued, the testimony estab-
lishing the rarity of the two fiber types would appear to provide
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substantial support for the critical opinions of the experts that the
fibers of those types found on the bodies were probably trans-
ferred from the Williams home or car. Examining the majority
opinion’s factual review of the Payne and Carter murders, Justice
Smith continued, and the ten uncharged offenses, one was indeed
struck by a number of similarities among the twelve crimes. Each
of the victims was a low-income black male, slightly built, who
was often seen alone in the streets of Atlanta. Payne, Carter, and
five of the ten other crime victims were seen with Williams some-
time prior to their death. All but two of the victims, Porter and
Middlebrook, were killed by some form of asphyxiation.62

However, those similarities were outweighed by the significant dissimi-
larities between the two charged offenses and the ten extrinsic crimes:

Payne and Carter, age 21 and 28, respectively, were adults; the ages
of the victims of the uncharged crimes ranged from 11 years to
28 years and averaged only 15.7 years. With the exception of
28-year-old John Porter, the extrinsic offense victims were essen-
tially children. Another striking dissimilarity between the Payne
and Carter killings, on the one hand, and the ten extrinsic offenses,
on the other, is that while the bodies of Payne and Carter were
both apparently thrown into the Chattahoochee River near the
I-285 overpass, only one of the ten extrinsic offense victims’ bod-
ies, that of Joseph Bell, was found in a river.63

Justice Smith observed that victim Bell’s body was discovered in
the South River near Rockdale County, miles from where Payne
and Carter were found and that the remaining nine were deposited
on land. Although there was evidence tending to show that the
Carter killing was sexually motivated, there was a total absence of
medical evidence showing sexual abuse of any of the other victims:

In addition, it is critical to note that the state’s fiber evidence
allegedly linking Williams to all twelve victims, while slightly pro-
bative on the issue of whether Williams actually perpetrated the
ten other crimes, … has no relevance to the modus operandi issue,
for the simple reason that the fiber evidence in this case provides
no information as to the murderer’s technique in killing or dis-
posing of his victims. The state’s own experts testified that they
could not determine the exact mechanism of the alleged transfer
of fibers from Williams to the victims. Thus, the sole implication
of this type of trace evidence is that each of the victims possibly
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was in contact with Williams, his house, or his car sometime
before his death. Although this inference may be probative of the
identity of the killer of the ten extrinsic victims, it does not estab-
lish a unique modus operandi, because it would be possible for
the murderer to apprehend, kill, and dispose of his twelve victims
in dissimilar ways, yet transfer fibers to them in each case … Thus
the presence or absence of fiber evidence has no relevance in the
case before us to the narrow issue of modus operandi.64

The dissent by Justice Smith is well worth reading for its trenchant
criticism of the majority’s legitimization of microscopic hair analysis, and
especially the probabilistic extensions made from such comparisons in this
case. Nonetheless the conviction was affirmed. The Wayne Williams case still
fascinates the American media and public and efforts to get Williams a new
trial continue.65 

V. Additional Fiber Cases

Microscopic fiber evidence is used routinely in police work across the world
and has consistently been discussed in appellate decisions.66 The ubiquity of
fiber transfers in close-encounter crime scenes has always had a significant
circumstantial power to convict. The 1996 Illinois case of People v. Miller may
serve as an example of this point.

In People v. Miller,67 defendant was convicted of first-degree murder. In
September 1993, the nude bodies of three women were found in rural Peoria
County. The body of Marcia Logue was found in a drainage ditch in the 500
block of South Cameron Lane on September 18, with a pillow case stuck in
her mouth. The body of Helen Dorrance was found 50 feet from Logue’s
body on the same date. The body of Sandra Csesznegi was found in a drainage
ditch near Christ Church Road on September 26. Csesznegi’s body was in a
state of advanced decomposition. All three women were known prostitutes
in the Peoria area.

On September 29, 1993, the authorities went to the defendant’s Peoria
apartment to question him about crimes in the Peoria area, where a search
of defendant’s apartment uncovered two robes, female underwear, a broken
miniblind rod and a brown and white cloth covered with what appeared to
be dried blood. The police also recovered pillows and a mattress, which
contained reddish-brown stains. Blood splatters were also found on a wall
of the bedroom and the bed’s headboard. A subsequent search uncovered a
glove, a throw rug, and more women’s underwear. During the second search,
the police collected hair and fibers.68
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Glenn Schubert, a forensic scientist, testified regarding the hair and fibers
recovered from the defendant’s apartment, Logue’s body, and the maroon
automobile, reporting that debris from the pillow case found in Logue’s
mouth was consistent with the defendant’s pubic hair, that fibers on the
pillow case matched fibers taken from a throw rug located in the defendant’s
apartment, and fibers collected from the defendant’s living-room floor.
Several fibers taken from Logue’s body also matched fibers taken from the
living-room floor of defendant’s apartment. Also, several acrylic-like fibers
from the car were consistent with the fibers found on defendant’s floor.69

The discussion that follows focuses on the use of fiber evidence in several
of the more important of the cases published since the first edition of this
book in 2000.

Two recent decisions address the important issue of whether defense
lawyers’ failure to call their own forensic fiber experts rises to the Strickland70

level for ineffective counsel. This issue is increasingly raised today, especially
when legislatures and courts are providing increased funding for expert
support. As defense counsel become more educated in the world of forensics
and thus better able to conduct solid cross-examinations, courts are less
interested in ineffectiveness claims where the record shows a solid compe-
tence on the part of defense counsel.

In Crawford v. Head,71 an 11th Circuit Court opinion, defendant, con-
victed of felony murder, filed for a writ of habeas corpus, arguing, among
other points, the ineffectiveness of counsel for failure to call a forensic fiber
analyst. Considerable hair and fiber evidence was found on the victim, includ-
ing three hairs on the victim’s pajama top that were consistent with Craw-
ford’s head hair, and some fibers that were consistent with fibers from
Crawford’s car. Also, the police recovered the tee-shirt worn by Crawford on
the night of the murder, which they found stuffed behind a dresser in the
house in which Crawford slept on the night of the murder. The shirt had
blood on it, although the blood could not be typed conclusively. In addition,
a pillow case, mattress pad, and bedsheet were recovered on the edge of the
road not far from the body of the victim, and Crawford’s wife identified these
items as coming from their trailer. This bedding also had hairs consistent
with Crawford and the victim, as well as fibers consistent with the carpet in
Crawford’s car. Type O blood, the type shared by the victim and Crawford,
was found on the bedsheet.72

The prosecution presented witnesses from the Georgia Bureau of Inves-
tigation Crime Lab to testify concerning the evidence in the case. Larry
Peterson testified concerning the types of analysis performed on hair and
fiber evidence that was recovered. He stated that he tested known head, pubic,
and arm hair samples taken from Crawford, as well as hair samples from Leslie
English. He also stated that he tested fiber samples taken from Crawford’s
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car. Given these samples, Peterson testified that he was able to determine that
several hairs taken from the victim’s body and pajama top were consistent
with the head and pubic hair of Crawford, and that fiber samples taken from
the same sources were consistent with Crawford’s car. Peterson further tes-
tified that the bedding which was recovered from beside the road contained
hairs that were consistent with the victim’s hair as well as Crawford’s head
and pubic hair. The mattress cover additionally had a fiber consistent with
Crawford’s car. He also stated that the socks that Crawford’s wife saw him
take out of his car and dispose of had hairs consistent with Crawford’s head
and pubic hair and with fibers from his car. Finally, Peterson testified that a
hair consistent with Crawford’s arm hair was found inside the victim’s vaginal
cavity, although this particular evidence was later excluded after Siemon
established a chain-of-custody problem.

The court noted that defense counsel’s cross-examination of Peterson
largely focused on the limitations on hair and fiber testing, and on the fact
that this testing only permitted conclusions that certain hairs or fibers were
consistent, but not whether they actually came from the same source. Peter-
son also testified that hairs and fibers could be transferred from one place to
another, and that it was not possible to determine when various hairs or
fibers were picked. Therefore, Siemon got Peterson to admit that the hair
and fiber evidence could only establish that the victim had some contact with
“the car or person of Eddie Crawford.”73

The record further revealed that defense counsel was well aware of the
limitations of the scientific evidence on which the prosecution relied, and
that he was able to point out those limitations to the jury. As he testified
during the state habeas proceedings, he was very familiar with such evidence
as a result of a previous case that he had handled. Moreover, through a chain-
of-evidence argument, Siemon was able to get one of the most damning
pieces of hair and fiber evidence excluded from the trial. Given these factors,
the court rejected defendant’s claim of ineffective counsel under Strickland.

In Jenkins v. State,74 a 2004 Alabama case, the defendant was convicted
of capital murder and filed a petition for post-conviction relief. The court
held that defense counsel’s failure to use funds that had been approved to
hire a forensic fiber expert did not constitute ineffective assistance of counsel.
While the state used fiber evidence to establish defendant’s identity, the record
demonstrated that defense counsel spent considerable time and effort learn-
ing about fiber analysis, interviewed the state’s fiber expert, and thoroughly
cross-examined the state’s fiber expert on known problems with fiber analysis.

During the evidentiary hearing in the post-conviction case, Scofield was
questioned about his preparation for the state’s forensics fiber expert — Steve
Drexler, trace-evidence examiner with the Alabama Department of Forensic
Sciences. This exchange merits extended attention here: 
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“Q [Assistant attorney general]: How did you prepare for the
anticipated fiber analysis testimony? 

“A [Scofield]: In talking to Mr. Drexler, [the State’s forensics ex-
pert], I think it was a telephone conversation I may have had with
him. I asked him whether or not there were any treatises that
might assist me in that preparation. He told me there was a doctor
in Auburn — Dr. Hall or something like that — that had written
a book on fiber analysis. I could probably get him. I contacted
Dr. Hall and got a copy of his book. I bought a copy of his book
on fiber analysis and identification. 

“Q: Did you use that book? 

“A: Yes, I did. 

“Q: How much time did you spend preparing through the use of
the book and talking to Mr. Drexler? 

“A: It is hard to ballpark. I spent considerable time. I went through
his book. I tried to learn as much as I could about fiber analysis.
I did not specifically discuss the facts or issues with Dr. Hall. In
other words, I didn’t call him and say, ‘Could you tell me about
this?’ I pretty much said, ‘I understand you have a book. How
much is it? Could you mail it to me?’ He mailed me a copy of the
book. I spent a lot of time on that. Drexler, I met with him on
one occasion. He corresponded with me on another occasion
when it turned out there was some other evidence that he learned
or some information he learned that he supplied to me. I may
have talked to him on the phone one time. In terms of overall
time, I really don’t know. It was pretty considerable. I did a good
bit of preparation on the fiber analysis stuff. 

“Q: Were you surprised in any way by the testimony he offered?

“A: No. It was precisely what he said it would be. He didn’t pull
any punches. 

“Q: Did you come to a conclusion after all your preparation that
Drexler would have testified to anything different? 

A: I can’t say that. I came to the conclusion that I was satisfied
about what Drexler would say. I also felt pretty satisfied that
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Drexler was going to confirm that fiber analysis was not an exact
science. You can’t really match this fiber and say this fiber came
from here or here, like a fingerprint. I felt like, given the state of
testimony of what Drexler was going to say, that would be the best
I could hope for. I did not go get another expert to say or follow
up on whether Drexler did his comparisons correctly. I was satis-
fied that Drexler — his testimony was going to hurt but it could
be minimized by the mere nature of fiber analysis.”75

(R. 375-77.)

When addressing this issue in its order the circuit court stated: 

(O)n cross-examination by the state, Mr. Scofield testified con-
cerning his preparation for the forensic evidence presented at trial
by the State. The court finds that Mr. Scofield’s preparation was
both extensive and significant. Mr. Scofield stated that he was in
no way surprised by any of the forensic evidence presented at trial.
He effectively cross-examined all of the state’s forensic experts,
pointing out discrepancies and shortcomings which supported the
chosen theory of defense. Trial counsel’s actions, in relation to this
claim, were not outside ‘the wide range of reasonable professional
assistance.’76 In presenting no forensic expert testimony at the Rule
32 hearing, Jenkins has shown no reasonable probability that, had
a particular forensic expert been retained by the defense, the result
of the trial would have been different. Id. at 694, 104 S.Ct. 2052.” 

The appellate court agreed and held that Jenkins had failed to satisfy the
Strickland test requirements for inadequacy of counsel.

In Ross v. State,77 the defendant was convicted of two counts of rape, two
counts of kidnapping, two counts of aggravated sodomy, two counts of armed
robbery, violation of the Georgia Controlled Substances Act, and possession
of a firearm by a convicted felon. Defendant and a friend stopped two women
in a car, entered, demanded their jewelry and money, and then forced the
women to disrobe and repeatedly raped them. The women were also threat-
ened throughout the night-long ordeal with guns and were tortured by being
burned with cigarette lighters and candle wax.78

Defendant alleged ineffective counsel requiring a new trial. While some
DNA evidence was used at the trial, fingerprint, fiber, and hair analyses were
not because they failed to connect the defendant to the crime. The defendant
argued that his counsel was ineffective because of his failure to secure the
testimony of an expert in the field of microscopic fiber analysis to testify that
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none of the fibers taken from the apartment where the victims were held
were found on defendant’s clothing and that none of the fibers from defen-
dant’s clothing were found at the crime scene. The court noted that the record
clearly indicated that the jury was aware that fiber samples were taken and
that the tests of the samples did not indicate defendant as a match, through
the testimony of state experts. 

The jury was free to make its own decision based upon the information,
and the failure of the defendant’s counsel to present an expert to speak about
the lack of match regarding fiber samples did not likely have an influence on
the outcome of the case. Without a proffer as to what the testimony of this
microscopic fiber expert would have been at trial, Ross could not show there
was a reasonable probability that, but for trial counsel’s failure to call this
expert as a witness, the trial’s result would have been different.79

VI. Fiber Persistence

In some instances, the fiber issue involves the distribution path of the fibers
and their persistence in remaining on various surfaces.80 In Barfield v. State,81

a 2004 Florida murder case, it was held that the trial court abused its discre-
tion in excluding the proffered testimony of defendant’s expert as to how a
truck accident occurred, how fibers consistent with defendant’s pants were
released, and how the fibers could have been distributed by the accident. The
court determined that such testimony could have assisted the jury in deter-
mining the significance of the fiber distribution in a truck in light of contested
issue of whether defendant was driving the truck. Defendant testified that he
was only a passenger in the truck and had exited via driver’s door after the
accident. Eyewitness testimony established that another person was also in
the truck. The testimony of state’s expert, as to locations and numbers of
fibers, was intended to convince the jury that defendant was sole driver.

The undisputed facts established that a pickup truck was stolen from a
Shell gas station while the truck’s owner was inside the station. When he saw
his pickup being driven away he raced out and leaped into the bed. The driver
accelerated to a high speed and began swerving, apparently attempting to
throw the victim out. Many witnesses saw the victim being tossed around in
the truck bed and heard him crying for help. The stolen truck eventually hit
another vehicle, causing the driver of the truck to lose control and crash. The
victim died a short time later from injuries sustained in the accident. A
witness who lived near the accident scene saw a man leave the truck and flee
into a swampy area next to the witness’s home. Employing a tracking dog,
the police found Barfield in a wooded area about a mile and half away.
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Barfield told the jurors his version of the day’s events., testifying that he
said he went to the Shell station to call his mother from the pay phone and
ask for a ride home. But he saw a friend, an Hispanic youth named Vega,
backing up in a pickup truck. Vega opened the passenger door and told
Barfield to get in. Just after he climbed into the truck, Barfield heard a man
beating on the back window. Vega began driving very fast, swerving and
trying to throw the man out of the truck bed. Barfield was scared and
crouched on the passenger side floorboard. He begged Vega to stop, but Vega
refused. Eventually, Vega lost control of the truck and it crashed. Barfield was
knocked unconscious. He remembered feeling dizzy when he came to, and
leaving the truck through the driver’s side door, which was open. He did not
see Vega but he saw the victim walking around. Barfield was scared and ran
into the wooded area because he was a convicted felon and was in possession
of marijuana. As he ran, he discarded the marijuana in a lake. A police dog
eventually found him and the canine officer arrested him.82 Several witnesses
corroborated Barfield’s story. On rebuttal, however, the state called several
witnesses who testified that Vega did not know how to drive. Vega and his
girlfriend’s father testified he was at her home during the relevant time.

The state also presented the testimony of a fiber analyst from the Florida
Department of Law Enforcement who found 77 fibers consistent with Bar-
field’s pants on a towel kept on the driver’s seat of the truck. She also found
four fibers on the ceiling of the cab and six fibers on the passenger’s seat and
floorboard, but she did not find any fibers on the driver’s floorboard. To
rebut the implication of this evidence, Barfield sought to introduce the opin-
ion testimony of an accident reconstructionist and forensic scientist concern-
ing how the accident happened, how the fibers were released, and how they
could be distributed as a result of the accident. The expert would have opined
that tears in the knee and back hip pocket of Barfield’s pants were the result
of a rollover accident and were consistent with his being a passenger who
was tossed around the cab. The fibers would have been released when Bar-
field’s pants tore. The fibers discovered on the ceiling of the cab were con-
sistent with a rollover. Barfield’s expert also believed that the many fibers
found on the towel in the driver’s seat and the absence of fibers on the driver’s
floorboard demonstrated that Barfield had crawled on his hands and knees
from the passenger seat to the driver’s seat after the rollover accident.

The state moved to exclude the expert’s opinion about the fiber evidence.
It argued that the opinion did not require any specialized knowledge or
experience, that it was within the common experience of an ordinary person,
and that the jurors had the ability to understand the evidence. The trial court
agreed and excluded the expert’s testimony. 
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The appellate court, noting the centrality of the issue of whether Barfield
was driving the truck, and that the state’s fiber evidence was intended to
convince the jurors that Barfield was the driver, found that the defense
expert’s testimony would have explained why that evidence could lead to a
different conclusion:

Injuries and their causes, in automobile accidents or otherwise,
are subjects within most people’s common knowledge. How fibers
are released from clothing, and the possible significance of the
presence or absence of fibers in a particular part of an automobile
after an accident, are not (citation omitted). The expert opinion
in this case could have assisted the jury in determining the signif-
icance of this physical evidence. The trial court abused its discretion
in excluding the testimony of Barfield’s expert. We reverse and
remand for a new trial.

A unique fiber setting is reported in the 2004 California case of People
v. Ewell,83 where defendants Dana James Ewell and Joel Patrick Radovcich
were convicted of murder, with special death penalty circumstances of mul-
tiple murder for financial gain. During the search of the home of Radovcich’s
mother, a container of drill bits (called a drill bit index) was seized from the
garage. In the drill bit index, police found particulate matter which included
larger white particles, drill turnings, and small pieces of what appeared to be
steel wool. He also found a lot of particulate matter on the clothes Glee was
wearing when she was killed, including small metallic particles, particles of
what appeared to be a dark, rubbery-type substance, and fluorescing yellow
fibers that were consistent with the nap on tennis balls.

Police concluded that tennis ball particles, such as those found on victim
Glee’s clothing and in the piece of carpet that had been under Glee’s body,
would have been ejected had a bullet been fired through a sound suppressor
made with tennis balls; and that steel wool particles, again such as those
found on Glee’s clothing, would also have been ejected from a homemade
sound suppressor. Boudreau also determined that the piece of carpet con-
tained particles of chrome molybdenum steel, of like composition to drilled
metal specimens from Green Mountain barrels.84

Lucien Haag, a criminalist with his own consulting firm who is an expert
in firearms with a special emphasis on reconstruction, also examined the
evidence. He confirmed that one gun — possibly an AT-9 — had fired all
six bullets; that the gun’s barrel had been ported in a crude attempt to make
a silenced weapon; and that a homemade silencer had, in fact, been used. He
also determined that a metal particle recovered from Glee’s clothing was
comparable in composition to the barrel recovered from Ponce. However, a
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portion of that barrel was corroded from being in the ground. Because of
the effect of this corrosion on test-fired bullets, Haag was able to conclude
only that the barrel was “‘entirely consistent’” with having fired the bullets
recovered from the scene and autopsy.

The basic circumstantial strength of forensic fiber evidence is the linkage
of fibers associated with the victim or defendant’s actual clothing to each
other. Such linkage raises serious inferences toward guilt that defense counsel
must vigorously rebut. Explaining away the type of connections established
in the Sutherland and Wayne Williams cases is a considerable undertaking,
more often than not fatal to a defendant’s forensic defense. This is not to
maintain that a strong defense is unavailable. Several more cases illustrate
the point.

In Trawick v. State,85 the defendant was convicted of murder and kidnap-
ping. On October 10, 1992, the partially nude body of victim Stephanie Gash
was found on the side of a road. Her mouth and nose were covered with
duct tape and a medical examiner testified that she died as a result of both
a three-inch knife wound that entered her heart and asphyxiation caused by
strangulation.

Steven Drexler, of the Alabama Department of Forensic Sciences, testified
that two fibers found on the victim’s sweater, which was recovered from the
crime scene, were consistent with fibers from the carpet of the defendant’s
Toyota van. Also, fibers found on the duct tape that covered the victim’s
mouth were the same as the fibers from the carpet of the Toyota van.

The appellant gave a detailed statement to the police in which he con-
fessed to having murdered Stephanie Gash. The appellant’s confession was
corroborated by the following facts. The Toyota van was towed to the police
station where police discovered a piece of carpet, a tarpaulin, ball-peen ham-
mer, and a plastic bucket that contained an 11-inch knife. Using luminol
spray, police discovered blood traces on the tarpaulin, the piece of carpet,
the ball-peen hammer, the tailgate of the van, and on the knife. A Ford station
wagon that the appellant was known to drive was also impounded. A toy gun
was found in the passenger’s floorboard of that vehicle.

In State v. Smith,86 defendant was convicted of aggravated kidnapping,
rape of a child, and sodomy on a child. Information given by the victim led
the authorities to defendant. Physical evidence, consisting, among others, of
microscopic fiber analyses findings, confirmed the victim’s rendition of her
attack.

Fibers on the victim’s clothing matched fibers from Smith’s shirt and in
the carpet of his car. Pubic hair matching defendant’s was found on the
victim, and head hairs consistent with the victim’s were found in defendant’s
back seat. Fibers matching the fibers in Smith’s shirt and in the carpet of his
car were found on the victim’s clothing.87



162 Forensic Evidence: Science and the Criminal Law, Second Edition

In State v. Blanton,88 the defendant, James Blanton, was convicted by a
jury of two counts of first-degree premeditated murder, four counts of grand
larceny, and three counts of first-degree burglary.

Eight escaped convicts, including the defendant, committed a series of
robberies, burglaries, and the murder and home invasion involved in this
case. The victims’ residence had one entryway, which was through a screen
door located at the side of the house opposite the victims’ bedrooms. A cloth
glove was on the ground by the concrete block. Following the discovery of
the victim’s bodies at the Vester residence, the sheriff ’s deputies began check-
ing cabins in the surrounding area, and learned that the Crawford residence,
less than a quarter of a mile from the murder victim’s home, had been
burglarized. One of the gloves found at the Crawfords’ trailer matched a glove
found outside the Vesters’ front bedroom window. A fiber analysis of the two
gloves indicated that it was likely that they were originally sold together as a
pair.

State v. Higgenbotham,89 a murder and kidnapping case, established that
defendant sought out a prostitute, “hog tied,” gagged, and killed her and then
dumped the body in a ditch. In affirming the kidnapping conviction, the
Kansas Supreme Court accepted fiber evidence to establish that the defendant
had satisfied the elements of the crime of kidnapping. The victim Jodi’s body
was face-down in the dirt. A white sweater and bra were on one side, a pair
of panties on the other. Jodi’s shirt was pulled down to her waist. Her hands
and feet were bound together (hog-tied) behind her back with black plastic
pull ties. A yellow rope secured the pull ties. A separate piece of yellow rope
was around one of her wrists. Green duct tape was wrapped around her nose
and mouth. A bandanna that had been used as a gag was found under the
duct tape over her mouth.90

Defendant’s wife led police to a storage rented by her husband’s friend,
Chuck Peters, who allowed defendant (real name Murphy) to use the locker
to work on cars. The wife spoke to the victim who was sitting in the car. The
police began an investigation of defendant and were led to the storage unit,
wherein a search turned up black nylon wire ties, rolls of duct tape, and
yellow rope. Wadded-up duct tape was found in the back of a Chevette that
was inside the unit and a button was located on the floor as well as a used
condom found in a cardboard box. A crime scene investigator collected hairs
and fibers from the Chrysler vehicle parked in the locker area. The defendant’s
friend testified that the black plastic ties that were found in his storage shed
did not belong to him.91

The FBI lab’s hair and fiber analysis found evidence of hair transfer
between Higgenbotham’s items and the deceased’s. However, the FBI exam-
iner reported that red fibers found on Jodi’s socks were consistent with a
carpet sample from the defendant’s Chrysler. Also, blue olefin fibers that were
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found on all of the items of Jodi’s clothing, and on the rope on her body,
were consistent with fibers from the deck area of the Chevette, causing the
examiner to believe Jodi had been in both of those vehicles. A similar blue
fiber was also found in Higgenbotham’s Plymouth. He also compared the
thread from the button in the shed with the thread in a button from Jodi’s
shirt and found they were consistent, however, the rope on the body was not
the same rope from the storage shed. Finally, head hairs on the duct tape in
the Chevette, while not consistent with Jodi’s, were consistent with Higgen-
botham’s.92

Tests performed by a microanalyst from the Bureau of Criminal Appre-
hension and a private analytic forensic microscopist were discussed in State
v. Profit,93 a 1999 Minnesota homicide case. The defendant was convicted of
two counts of first-degree murder and one count of intentional second-
degree murder for the May 1996 killing of one Renee Bell, whose nude body
was found floating in Basset Creek in Theodore Wirth Park in Golden Valley,
Minnesota. An elastic waistband from an article of clothing had been
wrapped around Bell’s neck and was secured in a knot and one end looped
through Bell’s mouth and under her tongue in a gag-like manner. An autopsy
report concluded that the victim had been strangled with the ligature and
that Bell had been dead from one day to one week. Police discovered defen-
dant’s wallet a few feet from where Bell’s body had been discovered.94

Bell’s body was just the first of several bodies to be found in or near
Theodore Wirth Park during the summer of 1996.95

After defendant’s brother-in-law, who had lent a vehicle and clothing to
him, stated that defendant had implicated himself in the murder and burning
of Keooudorn Phothisane, a male transvestite, the police executed search
warrants for Profit’s home and the various vehicles driven by him or his
family. While searching a 1990 Pontiac Grand Am known to have been driven
by Profit, investigators found threads and fibers similar to threads and fibers
found on the ligature used to strangle Bell. Tests performed by a microanalyst
from the Bureau of Criminal Apprehension and a private analytic forensic
microscopist revealed that the threads and fibers from the trunk were chem-
ically and physically indistinguishable from the threads and fibers from the
ligature.96

In Floudiotis v. State,97 defendants were convicted in the Superior Court,
New Castle County in Delaware, of second- and third-degree assault and
second-degree conspiracy arising from beating of a couple in the parking lot
of a tavern. Both sustained broken jaws, cuts, and bruises, and Mark also
sustained a broken collarbone.98 Police observed the same pickup truck
described by witnesses to the assault and followed it on suspicion of drunken
driving. Police pulled the pickup truck over and arrested the four occupants,
one of whom was the defendant Eaton. Subsequent to an interview and photo
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session, Detective Johnson seized the footwear of all four suspects because
he had reason to believe that all four were involved in the assault at the Deer
Park and that the footwear might contain hairs or fibers that would implicate
them. Through subsequent forensic tests, the state discovered fibers on defen-
dant Eaton’s shoes that were consistent with the same source of the fibers taken
from the tank top victim Kimberly Butler wore the night of the incident.99

Eaton contends that the trial court erred in admitting evidence recovered
from his combat boots. He argues that, because Detective Johnson illegally
seized his boots at the police station, they are the fruit of this unlawful
warrantless search, and the fibers consistent with Kimberly Butler’s tank top
that the police found on his boots should not have been admitted by the trial
court.100 The fiber evidence went unchallenged here as is so often the case in
recent decisions.

In State v. Young,101 defendant was convicted of aggravated murder from
the killing of 14-year-old Heidi Bazar, whom he had been dating until a
breakup occurred. At the conclusion of a dance, a friend accompanied Heidi
to the store and overheard her telephoning defendant to come and pick her
up there. The friend heard the deceased arguing with defendant on the phone.
Heidi disappeared and her body was found at the bottom of a remote “lover’s
lane” location. The police arrested defendant. Defendant stated that after
exiting his truck, they began to fight and he pushed Heidi after she slapped
him a second time, that she was apparently too close to the cliff ’s edge, and
fell backwards down the side of the cliff. He claimed that Heidi fell off the
cliff after he instinctively pushed her when she slapped him.

The autopsy, however, indicated that the victim suffered more than 30
wounds, including a fractured jaw, a broken nose, a liver severed almost in
half, a tooth knocked out of her braces and strangulation, which were clearly
indicative of an intentional, not accidental killing:

The coroner and pathologist testified that the wounds that caused the
death could not have resulted from a 13-foot fall off a cliff or from an accident,
and most likely were caused by multiple blunt force to her face and neck.
(Tr. pp. 230–231; 247; 285; 290; 314.) From the number and severity of the
wounds suffered by Heidi, any reasonable trier of fact could find that there
existed an intent to kill by appellant.102

While defendant denied striking the deceased in any manner with any
object, and testified that he never struck or beat Heidi in any manner or with
any object, including his hands, except for pushing at her, the court noted
that a large brick, an 18-pound chunk of concrete, and a board were found
near the location of Heidi’s body and contained Heidi’s blood:

The board contained fibers from Heidi’s blue jeans and the chunk of
concrete had been thrown away from Heidi’s body. (Tr. p. 441). Appellant’s
testimony that he only pushed Heidi and she fell over the cliff to her death
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is inconsistent with the testimony of the coroner, the pathologist conducting
the autopsy, and the forensic pathologist. These experts testified that Heidi’s
fatal injuries resulted from a deliberate and intentional infliction of blunt
force impacts to her head and trunk and did not result from a thirteen-foot
fall or an accident…103

From this scientific testimony, the court concluded, the jury could have
reasonably inferred that Heidi was beaten to an extent that caused her to
bleed and then beaten again on already exposed blood sources. Additionally,
the testimony of the coroner and pathologist established that Heidi sustained
approximately thirty-five wounds, many that were inconsistent with a fall,
including a severed liver, a fractured jaw, a tooth missing from her braces, a
fractured eye socket, and manual strangulation.

In Woodward v. United States,104 defendant was convicted of second-
degree murder. James Butler went out the back door of his house and saw
what he believed to be a body lying on top of some brush. After his neighbor
and a nearby woman confirmed that it was a body, the police were called.
The body was that of a woman wearing dark-colored sweatpants and a blue
and grey sweatshirt with no shoes. On November 24, 1992, police officers
entered a building at 924 Ingraham Street where the body was found at the
rear of the building. Defendant had recently vacated an apartment in the struc-
ture. The police discovered blood on the side of a dresser inside the room
and found in the basement a large light-blue plastic trash can that had dried
blood on it and contained a blanket with a very large blood stain on one
end. The door to the basement opened out of the rear of the house into the
Ingraham alley where the victim’s body was found.105

An FBI special agent assigned to the Hairs and Fibers Unit testified that
the carpet fibers found on the deceased’s sweatshirt matched those in Woo-
dard’s second-floor bedroom. He also testified that the dog hairs found on
the victim’s sweatpants and on the victim’s transport sheet matched the dog
hairs in Woodard’s home.

In State v. Timmendequas,106 defendant was convicted of capital murder.
The victim, Megan Kanka, aged 7, lived diagonally across the street from the
defendant, who, upon questioning stated that he had killed the young victim
and put her body in a nearby park. In his statement defendant said that
victim came to his house while his roommates were out, wanting to see
defendant’s puppy. He then forced her into his bedroom and attacked and
killed her. Testimony by a forensic chemist and a criminalist indicated that
the fragments of the victim’s shorts found in the garbage of defendant’s home
contained fibers chemically and physically consistent with fibers found on
defendant’s bedroom rug, the sleeping bag, and in the lint trap of defendant’s
dryer. Fibers were also found on defendant’s sweatpants that matched those
taken from Megan’s blouse.107
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Finally, the famous Locard Principle,108 whereby all close physical contacts
allegedly result in hair or fiber transfers, was discussed in the case of State v.
Goney,109 where the defendant was convicted of rape and raises incompetency
of counsel in his post-conviction filing.110 A forensic examination of hair and
fibers from the couch where the rape was alleged to have occurred was negative
when compared to defendant Goney. Defendant argued that Detective Menke,
the trace evidence examiner, should have been called to testify. The crime lab
report indicated that a small envelope labeled “Hair and Fibers from Love
Seat” had been tested, showing Caucasian head hairs similar to that of the
victim, Caucasian body hair not suitable for comparison, and fibers of various
colors. Defendant argued that based on this report, his lawyer should have
called the examiner to proffer an “expert” opinion that a rape could not have
taken place on the couch in the absence of such physical evidence.

The court soundly rejected this Locard-type argument, both from an
analysis of the relative positions of the defendant and victim at the couch
and the simple lack of relevance of the basic argument based on the supposed
inevitability of trace material transfers in sexual assault settings:

…we fail to see the relevance of this point. Clearly, sexual inter-
course and ejaculation did take place without the defendant leaving
apparent fiber or hair evidence. In fact, the lab technician who
testified at trial said she did not perform any hair analysis based
on Goney’s hair samples because no foreign hairs were obtained
from a nightgown Canton was wearing or from the sexual assault
kit (which included pubic hair combing). Given the absence of
hair in these areas where it could be expected, the lack of hair or
fibers on the couch where the rape allegedly occurred is not sur-
prising. Furthermore, we have serious doubt (and Goney has not
convinced us otherwise) that a police deputy — or indeed, any
“expert” — could competently conclude from the absence of fiber
or hair that a rape did not occur…111

Specifically, the court ruled, the lack of forensic hair or fiber evidence
from the couch did not make the defense version either more or less probable.
Because this evidence could have been present under either the defense or
the prosecution version of the case, the fact that it was absent was deemed
no more helpful to one side than it was to the other.112

VII. Conclusion

There are a number of very advanced fiber-related methods being investigated
that will soon be presented to American and European courts for consider-
ation. Raman spectroscopy,113 advanced work on the specificity of fiber
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dyes,114 and chemical imaging of fibers115 are three examples. Given the fiber
information resources discussed above, there is ample opportunity to keep
abreast of the developments in this extremely important forensic discipline.
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5Ballistics and 
Tool Marks

…(T)his left-handed twist bullet, No. III, was fired by a Colt .32.
Was it fired by this Colt .32? Some one of the learned counsel for
the defendant has said that it is coming to a pretty pass when the
microscope is used to convict a man of murder. I say heaven speed
the day when proof in any important case is dependant upon the
magnifying glass and the scientist and is less dependent upon the
untrained witness without the microscope. Those things can’t be
wrong in the hands of a skilled user of a microscope or a magni-
fying glass…

Massachusetts v. Sacco and Vanzetti:
Closing Argument by the Commonwealth

I. Introduction

Microscopic comparisons of firearms evidence have changed little since the
development of the ballistic comparison microscope over 70 years ago. The
Sacco and Vanzetti case, tried in 1921, where the defendants, known and very
vocal anarchists, were accused of murder during a robbery, is perhaps the
most famous of the early uses of ballistics in American Law. It was then, and
is now, considered a definitive proof of a suspect’s involvement in a crime if
a particular weapon used can be traced to the defendant:

…I say to you on this vital matter of the No. III bullet…Take the
three Winchester bullets that were fired by Captain Van Amburgh
at Lowell and take the seven United States Bullets that were fired
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by Mr. Burns at Lowell, and, lastly, take the barrel itself which we
will unhitch for you, and determine the fact for yourself, for
yourselves…Take the glass, gentlemen, and examine them for
yourselves. If you choose, take the word of nobody in that regard.
Take the exhibits yourselves. Can there be a fairer test that I ask
you to submit yourselves to?1

The preceding selection from the closing argument in the famous Sacco
and Vanzetti case, tried in 1921, illustrates the longstanding belief in the
certainty of ballistic matches by comparing projectile striations on bullets
fired from a weapon linked to the defendant with one connected with the
crime scene.2 Since the pioneering efforts of ballistics expert Calvin Goddard in
the 1920s up to present times, properly examined and supported ballistics anal-
yses, along with fingerprint evidence, has been considered virtually unassailable.

The 14th Interpol Forensic Science Symposium Literature Review (2004),
discussed in earlier chapters, has a very extensive section on Forensic Ballistics.3

This extensive report reviews and comments on the ballistics literature in
two broad areas:

Firearms identification: Homemade firearms; nonlethal weapons; ammu-
nition reference collection; Interior, exterior and terminal ballistics;
equipment and techniques; ballistic databases two-dimensional (2D)
automated comparison systems; three-dimensional (3D) systems;
crime-scene reconstruction equipment; professionalism; education
law relating to firearms; expert witness testimony.

Firearms and chemistry: Compositions, classification, and interpretation
methods and instrumentation; distribution of gunshot residue (GSR)
particles in the surroundings of a shooting firearm and their sampling
and persistence on different surfaces; proficiency tests for GSR analysis
by SEM/EDX; detection and analysis of gunpowder (propellant) res-
idues on suspects; estimation of shooting distance; chemical analysis
for associating firearms and ammunition with gunshot entries; esti-
mation of time since discharge; firearms and wound ballistics.

The Ballistics Report authors divided their textual analyses into four main
issues: firearms, ammunition, equipment and techniques, and professional-
ism. The report covers advances in scientific methods applied to forensic
issues (firearms ballistics, chemistry, and wound ballistics) reported since the
13th Interpol Forensic Science Symposium in October 2001. A literature
review was conducted covering articles published in the principal forensic
journals since 2001. The authors set out their primary research sources as:



Ballistics and Tool Marks 179

• The FORS Forensic Bibliographic Database
• Journal of AFTE (Association of Firearms and Toolmark Examiners)
• Journal of Forensic Sciences, Forensic Science International
• Wound Ballistics Review
• American Journal of Forensic Medicine and Pathology
• Science and Justice, Forensic Science Society, at Harrogate, U.K. 

The authors noted that the primary initial focus of the ballistics expert
is the identification of the suspect firearm:

The first stage involves classifying the firearm into firearm types:
pistols, rifles, machine guns, etc. The next stage is to identify the
subclass characteristics of these types, for example, identifying a
semiautomatic gun with a Colt Browning Patent (CBP) mechanism
such as a Colt 1911 pistol. The final stage involves the absolute
identification (individual characteristics) between a specific firearm
and bullets and cartridge cases. The origin of these characteristics
stems from the manufacturing processes and maintenance of the
firearms.

In the field of identifying firearms, the mechanical mechanisms, which
take part in the firing process, are known and innovations are rare. However,
the expert must be familiar with the different firearms, so that when these
firearms or their products (bullets or cartridges) arrive at the lab, identifying
their source is possible.4 

One-third of the papers published since 2001 were on this complex topic,
covering case reports and technical notes as to unique identifying character-
istics of firearms and their relative value. Other studies involve different
methods to calculate the minimum number of identification marks and their
values in that process of positive comparison.5

The report stressed the continuing obligation to update the ammunition
types and literature in their reference collection. Review of these articles
focuses on new and unique types of ammunition, relevant to caliber data,
bullet weights, ballistic coefficients, gunpowder composition, shelf life, and
storage conditions. 

The report examined all relevant literature6 in the three traditional cat-
egories of Interior, Exterior and Terminal Ballistics (motion of projectiles;
projectile impact features), plus it reviewed articles that addressed the rapid
improvement and creation establishment of ballistic databases to help the
forensic scientists that aid law enforcement agencies to connect cartridges
and bullets from various crime scenes as well as suspected firearms. A number
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of articles examined the growing literature that deals with the reconstruction
of crime scenes. The use of computer-generated animation for such recon-
structions has already come under court scrutiny where, for example, the
attempt is made to track bullet flight paths for angle of shot to isolate a
shooter.7 The recent literature important to the subject — the training of
ballistics experts — receives extended treatment, indicating this as a definite
growth area in ballistics literature.

The report also focuses on the ever-present problem of gunshot residue
(GSR) and the ongoing search for stable and predictable methods for use in
the field.8

II. Ballistics and Forensic Evidence

As mentioned earlier, most of the forensic sciences are observational disci-
plines supported by modern microscopy. Also, other than for DNA settings,
databases regarding population match probabilities of a laboratory “match”
testified to by experts are lacking. This absence gives rise to considerable
doubt about the ultimate value of any such conclusions, whether couched in
terms of similarity, consistency, or lack of dissimilarities, etc. Nonetheless,
judicial support for forensic sciences such as hair, fiber, soil, paint, and
footwear and tire impressions is growing. This is especially the case in the
area of ballistics regarding gun type and brand, and bullet and shell-casing
identifications. Unlike the majority of the forensic sciences, experts may
explain their matching findings in terms of certainty, and typically do so.9

While a majority of the forensic sciences do not rest upon any core
scientific or mathematical principles, with the possible exception of hair
analysis, considerable and increasing interest is being shown by those outside
the criminal justice system in gathering very detailed information about
many of the data compared by forensic scientists, because of the commercial
value of patents. A tremendous amount of information, contained in readily
accessible databases, is continually updated in the area of textile manufacture
and sales, international footwear, weapons and ammunition, DNA research,
glass and paint manufacture, geology and mineral identification, and many
other commercially generated and maintained information sources.10 The
strong commercial interest in minor differences of their commercial products
both for marketing and intellectual property protection purposes has and
will continue to support the uses of forensic science attempts to match crime
scene datum to a suspect.

The wider science of ballistics encompasses the study of three distinct
areas: internal ballistics, external ballistics, and terminal ballistics.11 
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• Internal ballistics, the study of striations and other marks made to a
projectile as it passes through the barrel of a firearm, called rifling
(lands, grooves, striations, manufacturing defects, wear characteristics,
caliber, gauge), which are what is actually referred to when studying
the forensic discipline of ballistics

• External ballistics, the study of flight and angle of shot patterns (homi-
cide, suicide, sniper, ricochet)

• Terminal ballistics, the study of the effect of the projectile on or in
the target; wound analysis or wound ballistics12

What are the recurring issues that must be considered when addressing
the subject of the investigative and evidentiary value of the science of ballis-
tics? These issues can be divided into several categories:

1. Crime-scene recognition, collection, and preservation
• Angles of the shots
• Location of slugs
• Location of wounds
• Location of shell casings
• Damaged glass, metal or wooden structures or surfaces
• Fingerprints on shell casings
• Physical locations of the participants
• Visual fix on contact versus noncontact wounds
• Preliminary identification of firearm type
• Witness statements, ammunition, wounds

2. Firearm and ammunition identification
• Twists
• Lands and grooves
• Caliber of weapon
• Gauge

3. Matching crime-scene bullets to defendant’s gun
• Peculiarities of firearm types: calibers and gauges
• Rifles
• Handguns
• Shotguns
• Misc.: machine guns; zip guns; tear gas guns; commercial nailers

4. Laboratory examination by ballistics experts 
• Bullet matching: Certainty is routinely achieved here:
• Class characteristics — manufacturer’s general and proprietary

features:
• Accidental characteristics — match to defendant’s gun via test

firing and the examination of the manufacturer’s tool and die
flaws, wear patterns in rifling, bone striations in some rare cases
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• Probability analyses: ballistics identifiers or minutiae that are not
as certain as fingerprints, because fingerprint minutiae never
change, whereas the rifling in any specific gun can change with
use or even long-term storage due to rust or corrosion13

• Cartridge case matching (certainty is routinely achieved here also):
• Breech face
• Firing-pin impressions
• Extractor marks
• Chamber marks

5. Wound analyses (especially where slugs are smashed)14

• Forensic pathology
6. Angle of shot or distance of shot

• Distance between shooter and victim (suicide or homicide)
• Who of several participants actually fired
• Positions of victims and shooters
• Shotgun dispersion pattern studies (See G and I Appendix)

7. Ricochet patterns
8. Gunshot residue detection (controversial)15

9. Excluding function (of all types of forensic science disciplines, in-
cluding ballistics)

A modern and standard feature of the science of ballistics is the devel-
opment of computer systems for the digitalization of striation and other
markings on spent bullets and shell casings.16 Deployed in 1992, DRUGFIRE
has been refined, improved, and expanded through developments in the
imaging technology currently utilized in cutting-edge digitalization processes
in criminal justice systems worldwide.17 Lena Klasen, of the Swedish National
Laboratory of Forensic Science, has stated in a paper presented at Proceedings
of the 12th Interpol Forensic Science Symposium (October 20–23, 1998)18

that the main difference between evidential images and images captured at
a crime scene is found between a direct information source and an indirect
representation of an item of evidence. She cautions that the border between
these two image types is somewhat difficult to define, a fact of increasing
importance to lawyers whose cases involve the validity of imaging processes’
factual conclusion linking a suspect to a crime scene:

The introduction of digital images rapidly changed our possibilities to
deal with images, and thereby also the need of methods, software, and hard-
ware. The human visual system, although superior on dealing with visual
information, such as motion and dynamic changes, cannot properly distin-
guish small quantitative visual differences in the same way as computer-aided
methods. For example, we cannot resolve small geometrical differences of an
object in an image, or small quantitative changes of the image resolution.
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For this purpose we use computers as an aid and to complement the human
visual system.19

The presentation of this important paper at the recent Interpol Forensic
Science Symposium underscores the important future in store for the uses
of digitalized imagery in the worldwide investigation, prosecution, and
defense of crime.20

Electronic image associations made through the DRUGFIRE system, as
with fingerprint identifications made through the Automated Fingerprint
Identification System (AFIS), are still verified by traditional comparison
microscopic examination of the firearms evidence by experienced techni-
cians. DRUGFIRE is a screening tool to extend the capabilities of the exam-
iner by facilitating the cross-referencing of thousands of stored images from
across the country and informing the inquiring party of close associations.
This system is in the process of being supplanted by NIBIN,21 a newer system
currently in use by the department of Alcohol, Tobacco, and Firearms.22 

All probable associations made through the DRUGFIRE system are then,
as before, verified by forensic firearms identification examiners using tradi-
tional, court-accepted comparison microscope techniques. The deployment
of the FBI’s DRUGFIRE system facilitated the opportunity for regional foren-
sic laboratories to centrally store, search, and share forensic firearms data
and imagery. With DRUGFIRE, digital images of these items are interchanged
over high-speed cable or telephone lines, permitting different laboratories to
remotely compare the data and thereby virtually eliminating jurisdictional,
logistical, and chain-of-custody impediments.23 There is considerable inter-
national interest in digitalized search systems for bullet and shell casing
identification.24

Ballistics expertise encompasses, necessarily, the updating of material on
the weapon manufacturing process and tooling, as these processes are the
source of the striations used to match a found slug or casing to a weapon.
Yet the authors of the Firearms Evidence section of the report of the Pro-
ceedings of the 12th Interpol Forensic Science Symposium found no articles
in world forensic literature updating manufacturing techniques:

No literature articles were found on research into new manufactur-
ing techniques and tools for manufacturing firearms. This is never-
theless an important subject because it may provide information
about the specific characteristics of a firearm. Given the number
of publications in the expert field of firearms and ammunition,
more research is carried out into the improvement of recording
techniques and the statistical processing thereof than into the
question of whether the striate indeed have characteristic qualities.25
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The image processing advances discussed here are still closely allied with
manufacturing profiles. Manufacturing technical reports and firing sequence
data are still largely unavailable.26

III. Ballistics Experts: Qualifications

Qualifying an expert witness, in both general terms and as to any subspecialty,
remains a key element in the use of any of the forensic sciences. It is no
different in the field of ballistics. In some areas, such as wound analysis,
testimony is often presented by forensic pathologists, who have the most
precise, hands-on experience with the entrance and exit wound realities in
a particular case. As noted in the Interpol 14th Forensic Science Symposium
Review paper in 2004:

The topic of wound ballistics or terminal ballistics can be divided
into two main issues: shooting range and wound characteristics….
The determination of the shooting range is of paramount impor-
tance in gunshot wound investigations; as a rule medical examiners
estimate the shooting distance based on the morphological char-
acteristics of the wound and its immediate tissues…

Much research has been conducted recently in the area of physico-chemical
determination of shooting range, and various techniques, such as energy
dispersive x-ray fluorescence spectrometry and nitrite residues, are advocated
by prestigious police laboratories all over the world. The literature in wound
morphology, trajectory, and the correlation between ammunition and lethal-
ity is extensive. Unusual entrance, trajectories, and exit wounds are described
in detail, thus enhancing the awareness of the investigators to atypical post-
mortem findings as well as to new types of ammunitions and their wounding
effects.27

In Morgan v. State,28 defendant contended that the trial court erred in
allowing a pathologist to provide expert testimony on ballistics. At trial,
Dr. Hawley, a forensic pathologist, testified regarding the position that the
defendant and the victim were in when the gun discharged. 

Dr. Hawley testified that he determined that Wiley died of a gunshot
wound to the head. The entrance wound was located on the left side of Wiley’s
head, and the gunshot tracked across Wiley’s head from left to right before
exiting the right side of Wiley’s head. The nature of the wounds indicated to
Dr. Hawley that the muzzle of the gun was against Wiley’s head when it was
discharged. Dr. Hawley also testified that he believed that defendant was shot
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through the hand, with the bullet entering the back of the hand and exiting
through the outside edge of the hand.

Given the circumstances of the wounds and the fact that witnesses indi-
cated that the shots were fired in rapid succession, Dr. Hawley gave his
opinion as to the relative position of defendant and Wiley:

[Prosecutor]: And for the shot which entered Mr. Wiley’s skull, in
your opinion what would be the relative positions of the bodies
of Mr. Morgan and Mr. Wiley?

[Dr. Hawley]: Well, the weapon is actually touching the skin of
the side of the head on the left side which places, in your hypo-
thetical presentation, the shooter’s right hand at the top of the
victim’s left shoulder with the gun up against the left side of the
victim’s head.

[Prosecutor]: How about the second or the additional shot when
Mr. Morgan’s injuries was (sic) sustained?

[Dr. Hawley]: For the injury the shooter’s left hand must be palm
down, very close to the muzzle of the gun at the time the shot is
fired and no more than a few inches from the barrel of the gun.29

(R. at 1035.)

The Indiana Supreme Court found that the trial court did not abuse its
discretion by allowing Dr. Hawley to testify regarding the relative positions
of defendant and Wiley at the time of the shooting. Dr. Hawley’s conclusions
were based on his expert analysis of the trajectory and location of the wounds.
While providing a scenario or narrative would have pushed the limits of
admissibility, it was within the trial court’s discretion to allow Dr. Hawley,
based on his examination, to offer an opinion of how the wounds were
inflicted.

IV. Weapon Identification

There are no recent decisions questioning the scientific validity of the bases
for firearms identification or projectile matching. Ballistics and fingerprints,
at the present time, appear to be solidly accepted as being capable of providing
assured match evidence.30 Some questions still exist as to the validity of
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protocols for determining the presence of gunshot residue on the hands.
Because ballistics is so widely accepted, this chapter provides a basic break-
down of the many cases that are still being decided annually with some aspect
of ballistics as an important part of the case analysis. The lawyer must be as
aware, if not more aware, of cases validating the increasingly diverse uses of
ballistics disciplines, than initiating the occasional attack on the disciplines
themselves. 

Ballistics cases, like fingerprint and DNA cases, must be monitored on a
regular basis to gain an understanding of the use of the disciplines by law
enforcement. For example, this chapter discusses in detail recent decisions
allowing testimony that unspent bullets found in defendant’s home matched
the bullets fired, due to a chemical analysis31 of the lead content in the batch
of bullets in the box in defendant’s home.32

Most recently in the case of United States v. Hicks, a 2004 Fifth Circuit
Court of Appeals ruling,33 a court actually examined the reliability of ballistics
as an acceptable scientific method under Daubert. The ballistics discussion
arose in the course of defendant’s trial for the shooting death of a police
officer.

Hicks contended that the district court abused its discretion by admit-
ting, over his pretrial and trial objections, the testimony of the government’s
ballistics expert, John Beene. Hicks asserted that Beene’s testimony — con-
cluding that the bullet casings in the field were fired from the .30–30 rifle
found in Hicks’ son’s bedroom — should have been excluded under
Fed.R.Evid. 702 because Beene was not qualified to render an expert opinion
on shell-casing comparisons. Further, Hicks claimed that the government
failed to demonstrate that the method Beene employed when comparing the
casings met the criteria for reliability set forth in Daubert.34

Hicks argues that John Beene’s shell-casing comparison technique did
not meet the criteria for reliability set forth in Daubert for several reasons.
First, he contended that Beene could not say: (1) if the technique had ever
been empirically tested; (2) if the technique had been published in a peer-
reviewed article; (3) if any studies have been performed to calculate the rate
of error for the technique; and (4) if any standards exist for making shell-
casing-to-firearm comparisons. Hicks also noted that Beene admitted that he
had read articles and heard presentations critiquing shell casing comparisons
precisely because no objective standards or criteria exist for making matches.

Hicks also argued that Beene’s application of the casing comparison
technique in this case was particularly unreliable because Beene could not
remember (even when looking at his notes) how many marks he used to
make the match, how wide or deep the markings were, and precisely where
the marks were located on the casings. Additionally, Hicks emphasized that
Beene admitted that he did not test-fire other .30–30 rifles to exclude markings
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that were not unique to the rifle found at Hicks’ house. Finally, Hicks chal-
lenged Beene’s qualifications, alleging that Beene was not qualified as an
expert to testify that shell casings discovered at the crime scene were fired
from the rifle found at Hicks’ home.35

As for Hicks’ challenge to Beene’s qualifications as a ballistics expert, the
court found more than ample evidence to permit the district court to find
that he was a qualified ballistics expert. At the state-court Daubert hearing,
Beene testified that he had a degree in chemistry, had received training in
firearms comparisons testing from the FBI, and had done firearms examina-
tions for over twenty years. At Hicks’ trial in federal court, Beene repeated
most of these claims, adding that he had performed more than a thousand
cartridge-firearm comparisons in the course of his 28-year career with the
Texas Department of Public Safety without a suggestion that any of his
matches were incorrect. Based on Beene’s training, 28 years of experience,
and numerous prior cartridge comparisons, the district court did not abuse
its discretion in allowing him to testify as an expert at trial.36

Turning to Hicks’ attack on the reliability of Beene’s methodology, the
court observed that the matching of spent shell casings to the weapon that
fired them has been a recognized method of ballistics for decades, pointing
out that Beene had not pointed to a single case in its jurisdiction or that of
any other circuit, suggesting that the methodology employed by Beene was
unreliable.

Additionally, the court noted, standards controlling firearms comparison
testing were recognized and used by the expert:

As Beene testified at the state-court Daubert hearing, he followed
well-accepted methods and scientific procedures in making his
comparisons. He also testified in federal court that the Association
of Firearm and Tool Mark Examiners produces literature about
firearms comparison testing that he relied on and that is author-
itative in the field of firearms and tool mark examination. Further
buttressing the reliability of his methodology, Beene also testified
at the state-court Daubert hearing that the error rate of firearms
comparison testing is zero or near zero.

Based on the widespread acceptance of firearms comparison testing, the
existence of standards governing such testing, and Beene’s testimony about
the negligible rate of error for comparison tests, the district court had suffi-
cient evidence to find that Beene’s methodology was reliable. Accordingly,
the district court did not abuse its discretion by admitting his testimony.

In Manning v. State,37 defendant was charged with the capital murder of
Jon Steckler while engaged in the commission of a robbery. Manning argued
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that the state’s ballistics expert’s testimony that the projectiles taken from
Tiffany Miller’s body and found at the scene matched the projectiles taken
from the tree at Manning’s mother’s house was beyond the scope of his
expertise. A neighbor told police that Manning used to target practice with
a gun into trees and cans around his mother’s house. She noticed him shoot-
ing into a particular tree at his mother’s house in the first part of December
of 1992. Based on this statement to the sheriff, a search warrant was obtained
for the mother’s house. Investigators recovered .380 projectiles and slugs out
of the tree described by the witness. The ballistics expert testified that the
projectile found at the scene and the two projectiles taken from Tiffany
Miller’s body were fired from the same weapon as the projectiles taken from
the tree into which Manning fired. The testimony objected to by the defen-
dant follows:

Q: That which has been marked state’s for — in Evidence Number
37 which is a projectile found at the scene of these killings, and
that which has been marked State’s in Evidence 63 which are the
two projectiles which have already been identified as being taken
from the body of Tiffany Miller, they all three were fired from the
exact same firearm, is that correct? 

A: That’s correct.

Q: To the exclusion of every other firearm in the world, is that
correct?

A: That’s correct.38

The court noted that later in his testimony, the expert linked the projec-
tiles taken from the victim to the projectiles taken from the tree in Manning’s
yard. Because there was no speculation in the course of the expert’s testimony,
in that he was sure that the projectiles taken from the victim and the pro-
jectiles taken from the tree came from the same gun, any issue regarding the
degree of certainty of the match was deemed meritless.

In State v. Andy,39 a manslaughter case, the court set out and approved
typical ballistic findings in a case where the projectile is shattered and unable
to be examined in its pristine form by comparison microscopy.

The bullet recovered from the victim was badly damaged and could not
be matched to any particular weapon. However, it was identified by the state’s
firearm identification expert as more consistent with being fired from a .22-
caliber gun and was inconsistent with having been fired from the only other
weapon found at the scene, a .380 automatic. The coroner, Dr. Steven T. Hayne,
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also identified the fragment taken from Rabb’s skull as consistent with a .22-
caliber projectile.

David Yates, qualified as an expert in ballistics and firearms identification,
testified that the fragment removed from Rabb’s head was consistent with a
.22-caliber bullet and that there was “no possibility whatsoever” that the
fragment could have come from a .380-caliber bullet. Yates stated that the
fragment could not be identified with any particular firearm. Yates pointed
out that bullets, particularly those with small cartridges such as a .22, tend
to fragment when they strike bone and that in general, .22-caliber bullets are
harder than most other calibers to identify and compare.

The court noted that although the firearms examiner, David Yates, was
unable to say that the fragmented bullet removed from the victim’s skull
(state’s Exhibit # 6) was fired from the weapon (state’s Exhibit # 1), as noted
above, the evidence strongly supported a reasonable belief that it was.40

Some of the discrete areas where ballistics evidence is of central concern
are, of course, clear-cut homicide cases, and issues respecting weapon type,
brand, or caliber. Ballistics is typically of great import in suicide versus
homicide inquiries, as is the related area of gunshot residue. There is also a
close relationship in certain cases between ballistics and wound analysis to
determine the relative positions between a shooter and victim or with sur-
veying principles to determine the angle of shot in cases of snipers or drive-
by shootings.

The introduction of a weapon not identified as used in a killing was
approved in the case of Smoote v. State,41 where defendant was convicted of
murder, conspiracy to commit robbery, robbery, and being a habitual
offender. Defendant alleged error, among other reasons, in permitting a
ballistics expert to demonstrate to the jury how a shotgun would be loaded
and prepared for firing. 

According to the state, defendant and another man hatched a plan to rob
a branch of the First America Bank. The next day, defendant borrowed a gold
Buick Electra 224 from Robert Hartley, the murder victim in this case, and
met his accomplice who was driving a blue station wagon. The two men
drove to a residential area, parked the Buick, and drove to the bank together
in the station wagon. The shotgun used in the murder was never recovered
by the police and no connection was made between the shotgun used in the
demonstration and either defendant or the victim. As such, defendant argues
that there was no relevance to the shotgun demonstration. And even if
marginally relevant, defendant contended the probative value of the demon-
stration was substantially outweighed by the danger of unfair prejudice or
misleading the jury.42

The court rejected this argument, holding that at trial, the state made
clear that it was not asserting that the shotgun was the one used in the murder
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or that it belonged or was in any way connected with defendant. While the
court thought that the demonstration was, at best, of marginal relevance and
marginal probative value, it was undisputed that the victim was killed by a
shotgun blast. A demonstration of how such a weapon works, the court
reasoned, might have been of some benefit to the jury in understanding the
details of the killing. In any event, they did not see how the demonstration
prejudiced the defendant or misled the jury. While the trial court would have
been well within its discretion to exclude the demonstration, it was within
its discretion to admit it.43

In People v. Askew,44 the defendant was convicted of murder and armed
robbery. The victim was shot in the course of an armed robbery attempt.
One Bell, a neighbor of the defendant, called police after he saw defendant,
who lived across the street in defendant’s girlfriend’s house, on the porch of
that house with a shotgun and a pistol. The police discovered three guns,
including a .22 pistol, all hidden under the cushions of a couch located in
the alley between Bell’s and defendant’s girlfriend’s home. Ballistic tests on
both the .22 pistol and the bullet recovered from the robbery victim’s body
revealed that the bullet had the same class characteristics as the pistol, but it
was uncertain whether the bullet had been fired from the pistol. After a
hearing on defendant’s motion in limine, the trial court ruled that there was
an insufficient connection between the .22 pistol found in the alley to show
that it was the murder weapon, or that it was ever in the possession of
defendant. However, the trial judge ruled that the .22 pistol could be used
for identification purposes, i.e., testimony that a similar gun was used to
shoot the victim or was at one time in the possession of defendant.45

During closing argument the state emphasized the ballistics expert’s tes-
timony noting the consistencies present between the bullet recovered in the
body and the .22 pistol, and reminded the jury of the testimony that defen-
dant was seen with a gun very similar to the .22 only four days after the murder.
Thereafter, the state drew the inference that the .22 pistol was the murder
weapon defendant used to shoot the victim. Defendant argued that this
inference was impermissible in light of the trial judge’s earlier in limine ruling.
The court concluded that the inference drawn by the state was reasonable
and based on facts in evidence.

The appellate court noted that weapons were generally admissible when
there was proof that they were sufficiently connected to the crime and that
when there was evidence that the perpetrator possessed a weapon at the time
of the offense, a similar weapon could be admitted into evidence even though
not identified as the weapon used.46 Moreover, a weapon need not be posi-
tively shown to have been used in committing the crime, and any doubt as
to whether it was connected to the crime or to the defendant did not bar its
admission, so long as a jury could find a connection: 



Ballistics and Tool Marks 191

Here, Juan was killed by a .22-caliber bullet; the lands, grooves,
and twist of which were consistent with the .22 pistol introduced
at trial. Just four days after Juan’s death, Bell saw defendant with
a pistol resembling a .22, and soon thereafter such a pistol, along
with a sawed-off rifle and a shotgun, were found in the alley
between defendant’s girlfriend’s home and Bell’s home. Irma tes-
tified that Juan was searched by a man with a shotgun. Furthermore,
Irma identified the .22 as being similar to a gun that defendant
fired over her head. Based on this evidence, we conclude that a
reasonable jury could have found that there was a connection
between the .22 and defendant or Juan’s murder — or both.47

As to the inference of such connection drawn by the prosecutor, the court
concluded that the inference drawn by the state was reasonable and based
on facts in evidence.

In a similar setting, a New York court condemned the misuse of this
concept, especially in light of ballistic testimony favoring the accused. In
People v. Walters,48 defendant was convicted of attempted murder in the
second degree, robbery in the first degree (three counts), robbery in the
second degree, assault in the first degree, assault in the second degree, crim-
inal possession of a weapon in the second degree, and criminal possession
of a weapon in the third degree. The court ordered a reversal due to prose-
cutorial misconduct. Most egregious, the court stated, was the prosecutor’s
insinuation that the gun that had been recovered from the defendant two
weeks after the crime in an unrelated arrest, may have been the gun that was
used to shoot the victim. The prosecution had persisted with this implication
despite his knowledge that the ballistics test performed by police conclusively
established that the gun had not been used in the crime. The prosecutor’s
conduct in advocating a position that he knew to be false was an abrogation
of his responsibility as a prosecutor.49

In People v. Jackson,50 defendant was charged with aggravated battery with
a firearm. The victim testified that at about 10:30 or 11 p.m. that night, he
was walking back to the Carter residence when a Nissan Maxima pulled up
beside him. He claimed he recognized the driver as Jackson. He testified that
the driver asked him what he was up to, to which he responded “nothing
much,” and then the driver shot him. Jackson was arrested. A state policeman
testified that he saw a .357-Magnum pistol on a nightstand in the bedroom
where he arrested Jackson, who claimed that it belonged to a friend. The
bullet had not been surgically removed from the shooting victim at the time
of trial, so the caliber of the bullet was not established and no ballistics tests
had connected the bullet to the pistol on Jackson’s nightstand. Additionally,
no witnesses ever identified the pistol as the weapon used to shoot the victims.
Nonetheless, the pistol was admitted into evidence without objection.
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The court here noted that the state did not offer any testimony to establish
that the .357 Magnum found when Jackson was arrested was capable of pro-
ducing an injury such as the one suffered by Rhodes or that it was similar to
the weapon used to commit the crime. While questioning Rhodes, the state
asked him about the lighting conditions, to establish that he clearly saw his
shooter, but state never asked him to describe or identify the weapon used. As
a matter of fact, the court observed, nowhere in the record is it established that
Rhodes was shot with a handgun or pistol, as opposed to some other firearm.51

During the time this case had been pending on appeal, Rhodes was mur-
dered in an unrelated incident. An autopsy was performed on Rhodes’ body.
The bullet from the shooting at issue in this appeal was removed, and it was
conclusively established that the .357-Magnum pistol found on Jackson’s night-
stand and introduced into evidence was not the weapon used to shoot Rhodes.
The state admitted these facts, but asserted that as a reviewing court, this court
was not allowed to consider this new evidence. The court disagreed, stating
this situation was one of those rare instances where the exercise of our original
jurisdiction was proper. They concluded that the admission of the weapon,
coupled with the emphasis placed upon it by the prosecution in its closing
argument, resulted in clear prejudice to the defendant in light of the admitted
fact that the weapon in question had absolutely no connection to the crime.52

In Commonwealth v. Busch,53 a homicide case, the victims, Melvin Bonnett
and Christopher Green, were shot and killed in the hallway of an apartment
building where defendant also lived with his girlfriend in Brockton, Massa-
chusetts on December 13, 1991. The defendant lived in the building with his
girlfriend, India Noiles, and her two daughters. Bonnett also lived in the
building. Six months after the murders, a tenant found two handguns under
some bushes and turned them over to the police. One was a .32-caliber
revolver, and the other was a .22-caliber revolver. There was a sufficient
evidentiary basis to permit an inference by the jury that the two handguns
admitted in evidence were the same handguns used by the defendant to
commit the murders. The two handguns were of the same caliber as the
handguns used to kill the victims. The four bullets recovered from the victims,
and at the scene, were consistent with four bullets that could have been fired
from the handguns. There was testimony that the rifling systems of the two
handguns were similar to the handguns used in the murders.

Due to the “poor markings of the evidence,” the police ballistics expert
could not positively identify that the bullets recovered from the victims had
been fired from these guns. However, both the bullet configurations and the
“rifling” patterns were similar for the bullets recovered from the guns and
those recovered from the victims. When shown the guns during her testi-
mony, India Noiles stated that they looked exactly like the ones she saw in
the possession of the defendant.
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In State v. Treadwell,54 a homicide case arose from a gang-related shooting
outside a tavern. The bullets found in shooting victim Powell’s car were
analyzed and a ballistics report was issued which stated that, although the
bullets found in a shooting victim’s car could not be positively identified as
coming from Treadwell’s gun, the bullets were consistent with bullets fired
from Treadwell’s gun. The court ruled that although the physical evidence
did not conclusively show that the bullets found in the car came from Tread-
well’s gun, it was far from correct to say that there was no physical proof of
that fact. The ballistics report did state that: 

“Items AB, AE, AF, AG, and AH (bullets removed from Powell’s
car) were not positively identified to any firearm submitted.” The
report, however, also stated that “Examination of Items AB, AE,
AF, AG, and AH revealed them to be consistent with damaged
bullets fired through the barrel of a caliber 9MM Luger firearm
having six lands and grooves with a right-hand twist.” 

Viewed in its totality, the ballistics report, rather than providing “no
proof” that Treadwell’s shots struck Powell’s car, actually corroborated the
other evidence supporting the state’s case against Treadwell. 

The court ruled, in Commonwealth v. Spotz,55 that the state need not
establish that a particular weapon was actually used in the commission of a
crime for it to be introduced at trial. Rather, the Commonwealth need only
show sufficient circumstances to justify an inference by the finder of fact that
the particular weapon was likely to have been used in the commission of the
crime charged. The admission of such evidence is a matter within the sound
discretion of the trial court, and without an abuse of such discretion, the
trial court’s decision to admit the evidence must stand. A weapon found in
the possession of the accused at the time of his arrest, although not identified
as the weapon actually used in the crime on trial, is admissible where the
circumstances justify an inference of the likelihood that the weapon was used
in the crime.

V. Computer-Generated Animation of Crime Scenes

Recent cases have addressed the legitimacy of computer-generated animation
to recreate crime scenes to locate the angle of shoot for purposes of identifying
a shooter. This technology is also used to give visual rendition of bullet
ricochets. Courts are open to this new technique as long as the film is a true
and accurate rendition of the crime scene dynamics. More validation needs
to be done before this expensive and foundation-heavy technology gains wide
use and acceptance by the courts.56
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In the leading Minnesota case of State v. Stewart,57 defendant was con-
victed of two counts of first-degree murder and the lesser-included offense
of second-degree murder, in the shooting of a bicyclist from a moving vehicle.
The court found that a medical examiner’s use of information other than
autopsy findings as a basis for animated reconstruction of the murder was
appropriate, where examiner testified that she was in contact with investiga-
tors, and that information she received included the types of facts relied on
by medical examiners in forming an opinion on the point of fire and wound
track. However, a computerized animation containing sequences demon-
strating the shooting of the bicyclist from a moving vehicle was not entirely
admissible in the murder trial

The court found that, though portions of the animated film accurately
illustrated the witnesses’ testimony — the point of fire, trajectory of bullet,
and wound path were relevant to understanding the cause of the bicyclist’s
death — a portion of one sequence depicting events inside the car did not
express or illustrate medical examiner’s testimony. All such sequences con-
tained depictions of defendant’s face and eyes at the time of the shooting,
and lacking any foundation in the case data, such depictions amounted to
original evidence concerning defendant’s intent, and intent was the most
hotly disputed element in the trial.58

VI. Bullet Ricochet

In People v. Vasquez,59 a jury convicted defendant Jesse Mario Vasquez of
attempted murder and shooting from a motor vehicle. Defendant claimed
that the bullet must have ricocheted because he fired into the sidewalk to
frighten the victim who was threatening him. The forensic firearm examiner
testified that a bullet shot into concrete may ricochet off concrete and strike
another object depending on the angle and height from which the weapon
was fired. But he indicated it was unlikely a bullet from a small-caliber
weapon, like the one used in the present case, would have sufficient velocity
to penetrate flesh after ricocheting off concrete.60

Ballistics expertise is often used to track the trajectory of a bullet (angle
of shoot) in an attempt to isolate the shooter at a crime scene or to counter
an argument about the presence of intent.

VII. Angle of Shoot

In People v. Robertson,61 defendant was convicted of second degree murder
and assault with infliction of great bodily injury, and of having personally
used a firearm. Defendant told police that upon hearing a sound outside his
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home, he looked out and observed three or four men near his automobile,
apparently engaged either in dismantling it or stealing it. Defendant recalled
that the men looked at him in a threatening manner, and he was uncertain
whether they would attempt to enter his residence. In his final statement to
the police, defendant claimed that when he emerged from his residence, he
held his gun at a 45-degree angle and fired two warning shots.

The physical evidence, however, indicated that three shots had been fired.
A bullet hole discovered in the windshield of defendant’s automobile and
two other bullet holes found two feet from ground level in a vehicle that was
parked across the street tended to disprove defendant’s claim that he had
held the gun at a 45-degree angle. A ballistics expert testified on behalf of
defendant, stating that persons lacking experience in shooting firearms tend
to shoot in a manner that causes them to strike objects below their intended
target.

In People v. Caldwell,62 a former police officer, employed as a crime scene
technician at the time of the shooting, testified that after the shooting, he
photographed and collected evidence from the deputy’s patrol car. From his
own observations and the use of a dowel and string, the technician testified
that he tracked the paths of the two bullets, one that entered the vehicle just
in front of the driver’s side window near the spotlight and another that
entered the vehicle through the metal frame behind the rear window, also
on the driver’s side. The photos of the vehicle depicting the bullet holes,
fragments, and the dowel and string used by the technician were also admit-
ted into evidence.

The court noted that the witness’ testimony included only his observa-
tions about the entry locations of the bullets and the path they traveled inside
the vehicle. Such observations, the court concluded, could just as easily have
been made by the jury from the photographs. No special expertise is required
to look at the hole made by the bullet and realize that it followed a straight-
line path. Consequently, the court found no abuse of discretion in the trial
court’s ruling allowing this lay witness’ opinion testimony.

Here, the witness did not conduct any experiments or attempt to recon-
struct the incident. Rather, he testified about the location of the bullet holes
and the paths of the bullets that were evident from the photographs without
any additional explanation. Thus, the witness was not conveying information
that required a specialized or scientific knowledge to understand.

In Jones v. State,63 a homicide case, police officer Szafranski’s car was the
third in a series of police cars turning at the intersection of 6th and Davis
Streets, when shots were fired. Officer Dyal, who was driving one of the two
police cars immediately preceding Officer Szafranski’s vehicle, testified that
after he heard the first shot, he looked back and saw “flashes” from two more
gunshots emanating from Jones’ apartment building. Expert testimony
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revealed that Officer Szafranski was shot with a .30–.30-caliber Winchester
Marlin rifle and two such rifles were found in defendant’s apartment, each
with one spent shell casing. His fingerprint was found on the breach area of
one of the rifles.

While searching the downstairs, vacant apartment in defendant’s build-
ing after the shooting, police found a fresh recoil mark on the sill of one of
the windows and a ballistics expert testified that the bullet’s trajectory was
consistent with the bullet having been fired from the downstairs apartment.
The expert also testified that the bullet entered the windshield of Officer
Szafranski’s car, around the area of the rearview mirror, traveling in an
approximately horizontal plane. The court ruled that the physical evidence
was consistent with the state’s theory that Officer Szafranski was shot from
the downstairs apartment.64

In State v. Lyons,65 defendants Robert Lyons and Vincent Rossa were
charged with robbery and several other crimes and their cases were consol-
idated. Lyons and Rossa committed two armed robberies of restaurants. After
the report of the second robbery, police were dispatched to pursue the suspect
vehicle. In the course of a lengthy pursuit, Lyons leaned out the passenger
window and fired several shots from a shotgun toward the deputies. Lyons
maintained that he fired his gun in the air just to frighten the deputies and
to keep a distance between the two cars. One of Lyons’ shots ricocheted off
the suspect vehicle and hit one of the patrol cars, with Lyons maintaining
that he accidentally discharged his gun in this instance.66

The state sought to introduce demonstrative evidence in the form of a
videotape prepared by a ballistics expert demonstrating the effect of the shots
fired towards the patrol cars’ windshields. In attempting to duplicate the
conditions of the shots fired, he obtained windshields from the same make
and model as the patrol car, placed the windshields at the same angles, used
the same type of shotgun and very same pistol, as well as the same type of
ammunition. He also factored in the temperature and barometric pressure,
and stated that they would have no appreciable difference in the demonstra-
tion. While none of the shots hit any of the windshields during the actual
incident, the State offered the evidence for purposes of arguing defendant’s
intent to inflict and the potential for grievous bodily harm.

Here, the trial court determination that the demonstrative experiments
were conducted in a reasonably similar manner and under substantially
similar circumstances as the alleged crime was upheld on appeal. The court
observed that the demonstration would assist the jury in its deliberations.67

Surveyor testimony and ballistics expertise were used to convict a gang
member in the case of People v. Torres,68 in which defendant was convicted
of second-degree murder and aggravated discharge of a firearm, due to the
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shooting death of a bystander shot during a gang-related shoot-out. The victim
was a janitor at a school across the street from the house where the defendant
and others were exchanging fire with rival gang members. The janitor was
looking out the second floor window and fatally struck by a stray bullet. A
central issue in the case was the location of possible shooter given the angle
of shot required to have hit the victim.

The police received a call that someone had been shot at Elgin Academy.
Several officers responded to the Academy’s Sears Hall, where they were
directed upstairs to the second-floor cafeteria. There they found Earl Harris,
a custodian, lying dead from a bullet wound to his head. Officer Michael
Whitty traced the approximate trajectory of the bullet, and found small holes
in the glass and screen of a window facing in the direction of 362 Franklin.
He then notified the officers at the defendant’s home of a probable connection
between Harris’ death and the shots fired at 362 Franklin. Surveyors were
called, and they pinpointed the source trajectory as being within a small area
immediately adjacent to the front porch at 362 Franklin, where witnesses had
reported defendant Torres stood as he fired after the fleeing attackers. 

At trial, forensic examiner Welty, employed by the Illinois State Police,
testified that three of the bullets found at the school came from the same
weapon that fired the fatal bullet, although he was unable to determine the
same for a fourth slug because police had recovered only the inner core of
the bullet, not the outer portion that would bear the unique markings of the
gun that fired it. He further testified that casings found in a bucket on the
defendant’s porch also came from one weapon, but he was not sure whether
that was the same weapon that fired the bullets found at the school. He also
testified that the bullets and a clip found at the defendant’s house were of the
same sort as the spent bullets taken from the school and from the victim, and
that the clip would fit either a 9-mm Baretta or a .380 automatic Browning.69

Michael Kreiser, also a forensic scientist employed by the Illinois State
Police, testified that his study of the surveyors’ documents and other physical
evidence led him to the conclusion that the fatal bullet could only have been
fired by someone standing within a narrow “window” of space immediately
adjacent to the defendant’s front porch. Eyewitnesses had established that
only Torres and Soto had been positioned anywhere within that “window”
during the shooting. However, eyewitness testimony established that defen-
dant Soto was firing a shotgun and only defendant Torres was seen firing a
handgun. Pursuant to Welty’s and Kreiser’s testimonies, the trial court deter-
mined that it was reasonable to conclude that Torres was the shooter:70

Four projectiles were recovered in and around Elgin Academy; three of them
had been identified as coming from a .380 semiautomatic (gun). Four shell
casings had been recovered at the scene from a .380 semiautomatic weapon.
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One issue I have to deal with is * * * the missing gun theory. That
is, all the ballistics reports show that the guns that had been
recovered from the defendant’s home, including the two pistols
and the .22 rifle, were not involved (in) shooting the projectiles
or the four casings. The state’s theory was that basically the de-
fendant hid the remaining gun.* * * Now, I have to take into
consideration several factors * * * and most importantly (sic) is
that a clip was recovered from the residence. The importance of
that clip is that it did not belong to any of the three weapons that
had been recovered. And that clip, in fact, the testimony showed
it did fit and function in a .380 Baretta (sic), not in the defendant’s
pistol that was recovered from the room or the other guns. Now
that’s significant and that’s important. I also look at the fact that
the defendant would have had the time to hide that particular
weapon along with the fact that the four casings were hidden in
a bucket by the porch. No other casings were found in the front
yard where the shots were fired from. Therefore, my conclusion
is that the four shots fired by the defendant were shot at the fleeing
antagonists and they were fired toward the Elgin Academy.71

The appellate court, while recognizing the highly circumstantial nature
of the evidence, found that it was not able to conclude that no reasonable
trier of fact could have found that the defendant fired the shot that killed
Harris. Missing gun notwithstanding, it appeared that Torres met all of the
requisite criteria to have fired the fatal shot:

… he was within the “window” of trajectory, he fired a .380-caliber
handgun, and he fired in the direction of the academy. No other
person met all three of these critical factors according to witness
testimony and other evidence adduced at trial.72

The appeals court thus concluded that the state had proved the defendant
guilty beyond a reasonable doubt of second-degree murder.

In Cammon v. State,73 defendants were convicted of felony-murder pred-
icated on an aggravated assault at a nightclub. On the night of the homicide,
Cammon became involved in a fistfight with the deceased, Adrian Woods.
Later in the evening the defendant obtained a pistol and shot Woods who
was in a van carrying Woods and several others, and which pulled into Wood’s
apartment complex. Cammon began shooting and the occupants of the van
returned fire. During the shootout, a Ms. Ellison was struck and killed by a
bullet as she stood in her living room. There was evidence that the bullet
that killed Ms. Ellison could have been fired from a Beretta pistol.74
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Defendants argued trial error in allowing an officer who was not qualified
as an expert in ballistics to give an opinion as to the trajectory of the bullet
that killed the victim. The state argued that the opinion was based upon the
officer’s own extensive investigation of the homicide, and was clearly admis-
sible over any objection to any lack of expertise in the field of ballistics. The
ultimate issue, the court underlined, was not the bullet trajectory, but
whether the defendants were guilty of an aggravated assault or not guilty by
reason of self-defense:

If the three codefendants were parties to an aggravated assault
initiated against the occupants of the van, they all were guilty of
felony murder regardless of who actually fired the shot which
killed the victim. If, on the other hand, they were victims of an
aggravated assault initiated by the occupants of the van, they all
were not guilty by reason of self-defense even if one of them had
shot the victim. The officer was not asked whether he believed
that the three started the shoot-out or were justified in defending
themselves against an aggravated assault begun by the occupants
of the van. The officer was asked only if he had an opinion as to
the path of the bullet, and his response to that inquiry was not
inadmissible on the ground that it expressed his opinion, the
ultimate issue in the case.

VIII. Bullet Matching

In cases of the clear application of striation matching after test firing of a
gun connected to defendant, there is generally little or no discussion of
ballistics issues. The cases of interest tend to focus on weapon identifications
and linkage where no gun is available for comparison purposes. Several very
recent cases deal with the relatively new ammunition matching issues in the
context of trying to chemically match the lead content of bullets taken from
a crime victim with unspent shells or ammunition otherwise connected to
the defendant. These cases and the technology discussed therein are at the
cutting edge in ballistics research and practice.

In State v. Fulminante,75 defendant was found guilty of murder and
sentenced to death. In September 1982, defendant lived in Phoenix with his
wife, Mary, and his 11-year-old stepdaughter, Jeneane. On September 6, 1982,
Mary checked into the hospital for surgery. Before leaving for the hospital,
she told defendant she would leave him if he did not have a job by the time
she fully recovered from her surgery. At two the next morning, defendant
telephoned the Mesa Police Department to report Jeneane missing, and later
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that morning, when defendant brought Mary home from the hospital, he
told her Jeneane had not come home the previous night. He said that when
he realized Jeneane was missing, he first looked around the house, then
around the neighborhood door to door, and then used his motorcycle to
continue searching for her. When Mary questioned him on the details of his
search, he admitted he had not gone door to door. At this point, Mary and
defendant both went through the neighborhood looking for Jeneane. Some-
time after returning to the house, after searching around the house, Mary
discovered that defendant’s pistol was missing. When the police visited their
home on September 15, the Fulminantes reported the missing pistol.

On September 16, the child victim’s body was found in a desert wash
eleven miles from the Fulminantes’ home. The body had two gunshot wounds
to the head, a long, narrow cloth was wrapped loosely around her neck, her
pants had been undone, and the waistband resting below her waist, while
the elastic of her underpants was rolled under. Police later recovered a spent
bullet from the ground near the place where her body was found. The autopsy
determined that the child died of the gunshot wounds and gunpowder in the
entry wounds suggested the shots had been fired at close range. In addition,
lead fragments were recovered from Jeneane’s brain. Police were unable to
perform ballistics testing because defendant claimed he sold his guns while
Mary was in the hospital. Police later discovered that defendant traded his
rifle for eighty dollars in cash and a second barrel for his .357 Dan Wesson
revolver. The extra barrel was also missing from the family home. Ballistics
tests were able to determine that the wounds on Jeneane’s body were made
by either .357- or .38-caliber bullets. The wounds were most consistent with
a .357, and a .357 was compatible with a .38. The police were able to recover
a box of .357- and .38-caliber ammunition during a consensual search of the
Fulminantes’ house.76

According to the state, the ballistics evidence was consistent with guilt:

Defendant possessed ammunition of the same caliber that prob-
ably killed Jeneane; lead retrieved from Jeneane’s head was from
the same batch of ammunition as the lead found in defendant’s
home; the projectile jacket recovered from the crime scene could
have been fired from a .357 Dan Wesson; the projectile was fired
from a dirty gun, and spent .357 cartridges retrieved from defen-
dant’s home indicated they were also fired from a dirty gun; and
finally, the projectile jacket found at the scene and those retrieved
from defendant’s home indicated a similar manufacturer. Defen-
dant had a gun and ammunition of the same type used to kill
Jeneane and purchased an extra barrel for the gun the day Jeneane
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disappeared. Both items were missing when police investigated,
and defendant could not rationally explain their disappearance —
strengthening an inference they might have been used to kill
Jeneane.77

From the above-noted facts, the court found competent evidence from
which the jury could have pieced together a web of suspicious circumstances
tight enough that a reasonable person could conclude, beyond a reasonable
doubt, that defendant was the perpetrator.78

Defendant argued that evidence comparing the lead fragments retrieved
from Jeneane’s head to the lead from the ammunition recovered from defen-
dant’s home should have been excluded because the probative value was
substantially outweighed by the prejudicial impact and potential to mislead
and confuse the jury. Defendant argued the fact that bullet fragments from
Jeneane’s head were of the same elemental composition as his ammunition
was statistically irrelevant because there could have been as many as 40,000
boxes of such ammunition. The test for relevance, the court noted, was
whether the offered evidence tends to make the existence of any fact in issue
more or less probable. The court found that the lead comparison evidence
here was probative in that it tended to demonstrate that defendant possessed
ammunition consistent with that used to kill Jeneane. They did not see any
prejudice that would substantially outweigh the probative value of the evi-
dence to bar its admission.79

The issue of bullet or ammunition matching was raised again in United
States v. Davis,80 a bank robbery and armed violence case. The case centered
around the armed robbery of three separate, federally insured financial insti-
tutions in Omaha, Nebraska, two of which occurred only minutes apart on
January 29, 1994. The third took place on March 12, 1994. The defendant
Cleophus Davis was arrested and charged with all three robberies. Shots were
fired during two of the robberies. The gun was identified as a dark-colored,
short-barreled gun.

An eyewitness and a bank teller provided the FBI with information
sufficient for a rough sketch, and the defendant was eventually identified in
a lineup.

When he was arrested, a partial box of .38-caliber wadcutter cartridges
was found in a friend’s car that defendant was driving. The .38-caliber wad-
cutter cartridges found in a box in the Nissan were later tested against the
bullets found at the crime scenes and the crime scene bullets bore markings
similar to each other, indicating that they were possibly fired by the same
gun. The bullets from the box found in the Nissan were determined to be
analytically indistinguishable from the bullets recovered at two of the bank
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robberies. A ballistics expert testified that such a finding was rare and that the
bullets must have come from the same box or from another box that would
have been made by the same company on the same day.81

The FBI tested the gun and found it to have a very worn, heavily leaded
barrel, consistent with the markings on the bullets recovered from the crime
scenes. A ballistics expert witness testified that it was possible that the bullets
recovered from the two crime scenes where shots were fired were fired from
that weapon. The court accepted as sufficiently probative and reliable the
expert’s testimony because it demonstrated a high probability that the bullets
spent at the first robbery and the last robbery originated from the same box
of cartridges.

The district court conducted a hearing to determine the admissibility of
the scientific foundation supporting expert testimony proffered by the gov-
ernment on Inductively Coupled Plasma-Atomic Emission Spectrometry
(IAP), a process used in this case to analyze and compare trace elements
found in the bullet fragments. John Riley, special agent of the FBI, who
specializes in the analysis of various materials for their elemental and trace
elemental composition, was the government’s witness. Riley had been doing
this work for approximately 27 years, had a bachelor of science degree in
chemistry and a master of science degree in forensic science, and had
authored articles and lectured on this subject:

Agent Riley testified that IAP, an analysis that the FBI has been using for
approximately 10 years, is a generally accepted scientific technique that has
been subjected to testing, publication, and peer review, and the technique
is the same no matter who performs it. Another procedure used to accom-
plish the same basic analysis is neuron activation analysis. The FBI has been
using the neuron activation analysis since the mid-1960s but now favors IAP
for trace elemental analysis because IAP is more sensitive. IAP can determine
trace elements down to parts per million (.0000001%). The procedure deter-
mines which of five trace elements are present in the bullets to be compared.
If the same elements are present in each, the procedure determines the
percentage of each element present. If the same elements are present in the
same amounts they are analytically indistinguishable.82

Agent Riley described at length the bullet manufacturing processes that
supported his chemical analysis and linkage testimony as to defendant Davis:

Mr. Riley testified that research had been conducted on the com-
position and comparison of bullets manufactured at the same
plant on either the same or different days and at different plants.
The research revealed that while 400,000 bullets could be produced
at a factory in one day, the composition of those bullets will vary
vastly unless they were manufactured side by side, because lead is a
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heavy molten metal that cannot be mixed into a completely homo-
geneous mixture throughout; pockets of different elemental com-
positions will exist and additional lead of differing elemental
compositions is periodically added to the cauldron throughout a
day, changing the elemental composition of the bullets produced.
Based on this research and the results of the trace elemental com-
position IAP analysis, the expert concluded that the bullets at issue
were analytically indistinguishable from some of the bullets in the
box of cartridges found in the Nissan, that they were generally
similar to the remaining bullets in that box, and that there was a
high correlation between the two bullets found at the crime scenes.
He also concluded that these bullets must have been manufactured
at the same Remington factory, must have come from the same
batch of lead, must have been packaged on or about the same day,
and could have come from the same box.83

Davis’ counsel, during cross-examination of Riley, cited one paragraph
from a book criticizing neuron activation analysis (inductively coupled
plasma atomic emission spectroscopy, or IAP, was the analysis used here),
because there was no way of knowing exactly how many bullets manufactured
by the same company have this same elemental composition. Agent Riley
admitted having no way of knowing how many other bullets Remington
produced on the same day as these that also would have a composition that
was analytically indistinguishable from the bullets tested here. Nonetheless,
the court ruled that there was a sufficient scientific basis to admit the expert’s
testimony. Davis, the court observed, did not attempt to show that IAP was
not a scientifically valid technique for determining the trace elemental com-
position of bullets, nor did he try to establish that Riley improperly utilized
the technique.84

Another important case addressing the novel lead-matching issue where
a gun is not available or the more traditional firing-match testimony is
inconclusive, is State v. Noel,85 where defendant was found guilty of murder,
possession of a handgun without a permit, and possession of handgun with
intent to use it unlawfully against another. The victim was a young man who
was shot repeatedly on his front porch as he was returning to his home in
the early evening. There was no known motive for the murder, nor was
robbery involved. The shooting appeared random and senseless. Informant
testimony led to the arrest of defendant. A bag containing 18 bullets was
found in his locker, of which 9 were 9-millimeter bullets stamped with the
manufacturer’s name, Speers. The police had also recovered spent bullets and
bullet casings at the crime scene, which were also stamped with the same
manufacturer’s name.



204 Forensic Evidence: Science and the Criminal Law, Second Edition

Charles Peters, a physical scientist with the materials analysis unit of the
Federal Bureau of Investigation, examined 15 bullets, 4 collected at the crime
scene, 2 recovered from the decedent’s body, and the 9 Speer bullets found
among defendant’s belongings. The court characterized this complex testi-
mony as follows:

He analyzed the bullets using a process known as inductively
coupled plasma atomic emission spectroscopy (IAP). IAP deter-
mines the proportions of six elements other than lead: copper,
antimony, bismuth, arsenic, tin, and silver. The bullet manufac-
turer adds these elements to each batch of lead. From one batch
to another, the proportions in bullets of the six elements vary.
Thus, the chemical composition of a bullet from one batch may
match that of another bullet from the same batch, but not the
composition of a bullet from another batch.

Peters divided the bullets into five compositional groups. Within
each group, the bullets were of the same composition. Four of the
five groups contained both a bullet from defendant’s pouch and
one recovered either from the crime scene or from the victim’s
body. For example, Group One included six bullets that were
analytically indistinguishable: one bullet from the crime scene,
one from the victim’s body, and four from defendant’s pouch.
Group Four, which consisted of a solitary bullet found at the crime
scene, did not match any other bullets. At trial, Peters testified
that, in his experience and that of his unit, “bullets that come from
the same box have the same composition of lead and bullets that
come from different boxes … will have different compositions.”
He explained that the manufacturer fills a given box with bullets
from a single batch of lead. Consequently, those bullets will pos-
sess the same chemical composition. Because mixing may occur
during storage, however, bullets of different compositions may be
found in the same box. Peters concluded that he would not expect
random batches of lead to produce the match that existed among
the subject bullets.86

Before conducting his analysis, Peters testified that he had visited
the Speer manufacturing plant in Lewiston, Idaho, to study the
manufacturing processes. He limited his testimony on the manu-
facturing process to an explanation that each bullet was extruded
from a billet, or seventy-pound cylinder of lead, each of which
produces a number of billets. A billet yields approximately 4,300
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bullets. Peters further noted that about five billion bullets were
manufactured in the United States each year and at least fifty
thousand bullets may have the same composition.87

The defendant argued in the appellate court that Peters failed to
provide foundational evidence in the form of statistical probability
evidence about the identical composition between the bullets re-
covered from the crime scene and the victim’s body and those
found in defendant’s pouch. The appellate court agreed, conclud-
ing that Peters’ testimony depended on the statistical probability
that the two sets of bullets would have the same composition. 

The New Jersey Supreme Court noted that the prosecutor’s purpose in
offering the testimony of Mr. Peters was to persuade the jury that the identical
composition of the two sets of bullets significantly enhanced the strength of
the link between defendant and the crime, that is, the link that had already
been established by the identity of caliber and manufacturer. That was obvi-
ous from remarks made in his summation, by which the prosecutor sought
to impart scientific certainty to an implied conclusiveness of that link, also
attempting, the court noted, to bolster the argument with a patently improper
character reference for witness Peters’ credibility:

Finally, Mr. Charles Peters of the FBI. I realized that was some
sophisticated testimony and I know I personally had trouble fol-
lowing it. But I hope the conclusions are what came clear.

It is a very precise, scientific process that has been used for, I
believe, he said about, about 30 years to test these bullet leads and
his testimony is critical to this case because it completely blows
away the murder theory advanced by the defense that Malika and
Lamar somehow engineered the murder.

Now do you think Mr. Peters was a liar? He’s not a cop. He’s not
even an FBI agent. Charles Peters is a scientist and he looked like
a scientist; didn’t he? You could almost see him in a white lab coat.
You could see him in math class in a high school in the back. He
had all the answers.

He’s a straight shooter. Did not testify beyond what the results of
his examination were. Didn’t try to make it out to be more than
what it was, but it is something very critical in this case.
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Basically what he told us was that an examination of bullets,
whenever a manufacturer is going to run a line of bullets, they
order a source of lead from a lead smelter.

I asked him if that was like a “batch.” He said it was. The scientists
like using the word “source.” I think it is easier to conceive of as
a batch of lead and he said that there are millions, literally millions
of these batches of lead out in circulation. And from those millions
of batches of lead out in circulation, there are billions of bullets
produced each year.

The key, I submit to you, is not what Mr. Roberts said it is, not
about the number of billets produced — the number of bullets
produced, the key is the number of sources of lead; the number
of batches. Millions of batches; each one unique like a snow flake;
like a fingerprint.88

In initiating its analysis, the New Jersey Supreme Court noted that sta-
tistical evidence had not generally been a prerequisite to the admission of
matching samples, noting, for example that in cases involving matching
blood samples, statistical evidence of the probability of a match had not been
required to establish a bloodstain as a link in the chain of evidence. Similarly,
the court noted that expert testimony about matching soil and hair samples
has been deemed admissible, with the weight of the evidence left to the jury.
Finally, the court continued, expert testimony about matching carpet fibers
had been admitted in the absence of statistical evidence about the probability
of the match.89 In the present case, the New Jersey Supreme Court observed,
the expert’s testimony established a match among the bullets found in defen-
dant’s belongings, at the crime scene, and in the victim’s body. Defendant’s
contention that the large quantity of bullets produced by the manufacturer
rendered the match among the bullets inconclusive went to the weight, not
admissibility, as with the other observational forensic disciplines noted.

The jury in the present case, the court stated, received the guidance it
needed to discharge its function. The expert explained the chemistry of lead
analysis, why bullets of the same chemical composition generally came from
the same box, and why a single box may contain several bullets of different
compositions. The jury was left with the task of determining whether the
bullets at issue came from the same box. The jury in the present case could
evaluate the expert’s testimony without recourse to mathematical calcula-
tions; like juries assessing samples of blood, soil, and fibers, it did not require
statistical data to discharge its duties:
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IAP is an accepted method of bullet lead analysis. The composi-
tional match among the bullets increased the probability that the
bullets in the victim came from the defendant. That evidence
constituted a link in the prosecution’s chain of evidence. The de-
fense attempted to undermine that conclusion by cross-examining
the expert, by showing that many bullets of the same composition
had been manufactured, and by arguing an alternative conclusion
to the jury. Consequently, we find that the trial court did not err
in permitting Peters to testify about the similarity of the compo-
sition of the lead bullets.

We also conclude that Peters did not exceed the limits of his
expertise in testifying about the manufacturing process. Peters
testified that bullets of the same composition generally come from
the same box, although a single box may contain bullets of several
different compositions. He based his testimony on years of ana-
lyzing boxes of bullets and on a tour of the Speer plant. That tour
may not qualify him as an expert on bullet manufacturing for all
purposes. When combined with his substantial experience in an-
alyzing bullets, however, the tour provided him with the “minimal
technical training and knowledge essential to the expression of a
reliable opinion.” Although experts generally may not express
opinions outside their areas of expertise, those areas may overlap,
and in certain circumstances an expert in one area may be qual-
ified to express an opinion in another. Here, Peters’ testimony
regarding the arrangement of bullets in a box provided an appro-
priate basis for the jury to evaluate the significance of the bullet
matches.90

The dissenting judges saw the issue as whether Peters’ testimony provided
an adequate basis to support the conclusion that the bullets not only came
from the same source of lead at the manufacturer but were sold from the
same box. According to them, the issue was not whether Peters’ testimony
regarding the matches between the bullets was admissible, but whether too
many bullets were in circulation to justify any real inference of guilt.

A second concern of the dissent, with reference to the “snowflake” remark
in the state’s closing, was that the prosecutor’s summation elevated the tes-
timony from “a bit of circumstantial evidence that adds to the state’s case”
to “scientific fact,” led the jury to ignore the large number of bullets in
circulation, and so prejudiced the jury that we must set aside its verdict. The
Supreme Court of New Jersey observed that:
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(E)xcessive statements from both sides are a regrettable fact of life
in criminal trials. In such trials, an objection by counsel remains
as the first line of defense. Although the prosecutor’s statement
may have been more temperate, it, particularly in the absence of
an objection, does not justify upsetting the jury verdict. Given the
realities of adversary proceedings, the prosecutor’s remarks pass
as fair comment.91

This IAP or IAC technology (inductively coupled plasma-atomic emis-
sion spectroscopy) is receiving increasing acceptance by the nation’s courts,
even though a considerable inferential leap of faith seems involved in the
actual acceptance of its conclusion. Two very recent cases follow in detail, to
aid the reader in comprehending this very high-tech theory of ballistics
expertise.

IX. Bullet Lead Matching — ICP Methodology

In Ragland v. Commonwealth,92 a murder case, the court addressed the admis-
sibility of chemically analyzed lead bullet comparisons. 

Trent DiGiuro, a student athlete at the University of Kentucky, was shot
in the head and killed as he sat in a chair on the front porch of his residence
at 570 Woodland Avenue, Lexington, Kentucky. DiGiuro was celebrating his
21st birthday with friends, some of whom were on the porch with him when
he was killed. Although one eyewitness heard the shot, no one saw who fired
it or from where it was fired. Fragments of the fatal bullet were recovered
during the postmortem examination and a firearms expert concluded that
the bullet most likely had been fired from a .243-caliber rifle with a four-
grooves-and-lands, right-twist barrel pattern. Although numerous leads were
followed and at least one suspect was identified, six years elapsed before
anyone was charged with the murder. The police received a tip from defen-
dant’s girlfriend about his confession of the crime due to the victim having
kept him out of a fraternity.

A search of several of defendant’s residences turned up a .243-caliber
Wetherby Vanguard rifle with 3 unspent .243-caliber bullets in the chamber
and an ammunition box containing 17 unspent .243-caliber bullets. A label
on the box indicated the Winchester Ammunition Company had manufac-
tured the bullets on April 28, 1994.93

Kathleen Lundy, a forensic scientist employed by the FBI, subjected the
3 bullets found in the Wetherby Vanguard rifle, 16 of the 17 bullets found in
the ammunition box, and the fragment of the bullet that killed DiGiuro to
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a comparative bullet lead analysis. She testified at trial that one of the bullets
recovered from the rifle and nine of the bullets found in the ammunition
box were “analytically indistinguishable” in metallurgical composition from
the bullet that killed DiGiuro, a finding she described as “consistent with”
the bullets having originated from the same source of molten lead. Markings
on bullets test-fired from the .243 Wetherby Vanguard rifle found at one of
the residences matched the markings on the murder bullet. Markings on
bullets test-fired from three other .243 Wetherby Vanguard rifles manufac-
tured during the same time period as the Ragland rifle did not match those
found on the murder bullet.94

The ballistics expert who test-fired bullets from the .243 Wetherby Van-
guard rifle found at 501 Capital Avenue testified that the markings found on
the test bullets were similar to those found on the bullet fragment removed
from DiGiuro’s body. However, because of the degree of fragmentation of
the murder bullet, the witness could not state conclusively that the Ragland
rifle fired the murder bullet.95 

Given the novelty of the bullet lead matching methodology, the court at
defendant’s request conducted an extensive Daubert hearing to determine
the scientific reliability of this method as a basis for the expert’s opinion.
Because of its importance and the increasing utilization of lead bullet chem-
ical matching96 as an investigative tool by the FBI and more sophisticated
state labs, a somewhat lengthy discussion of this hearing is warranted.

Defendant moved to suppress the expert opinion of Kathleen Lundy, an
FBI forensic scientist, that the metallurgical composition of the .243-caliber
bullet fragment removed from DiGiuro’s body was analytically indistinguish-
able from one of the three bullets in the rifle found at 501 Capital Avenue
and nine of the seventeen bullets in the ammunition box found at 1469 Old
Lawrenceburg Road, a finding consistent with the bullets having originated
from the same source, i.e., the same batch of molten lead. Defendant asserted
that Lundy’s conclusions in that regard were scientifically unreliable. 

Lundy testified at the Daubert hearing that lead bullets were manufactured
primarily from recycled automobile batteries. Most bullet manufacturers
purchased their lead in bulk from secondary smelters (recyclers), who crush
and melt the batteries, and then separate the lead to the extent possible from
the other battery contents. The molten lead is then cooled and formed into
60-to-100-pound bricks or ingots, 70-to-125-pound cylindrical billets, or
1000-to-2000-pound blocks. Each ingot, billet, or block will inevitably con-
tain traces of arsenic, antimony, tin, bismuth, copper, silver, or cadmium,
elements that were contained in the batteries but did not separate from the
lead during the recycling process. The bullet manufacturers only require that
the percentages of these trace elements not exceed certain levels. The smelter



210 Forensic Evidence: Science and the Criminal Law, Second Edition

tests each batch of molten lead as it is poured from its crucible and reports
the percentages of impurities to the bullet manufacturer when the product
is delivered.97

Lundy continued, addressing the processing of the lead at the bullet
manufacturing plant. At the bullet manufacturing plant, she testified, the
manufacturer inserts the lead into an extrusion press that forms it into a
“bullet wire” having the diameter of the desired bullets. The wire is chopped
into pieces that are then swaged into bullets. If the lead is purchased from
the smelter in billet form, it can be inserted directly into the extrusion press.
However, if it is purchased in ingot or block form, it must be remelted and
reformed at the bullet manufacturing plant. When this occurs, the manufac-
turer will commonly add lead waste or scraps remaining from earlier extrusion,
chopping, and swaging processes to the mix, thus changing the percentages
of the impurities in that particular batch. Even if the manufacturer buys only
billets, it will still remelt lead waste and scraps for reuse.

Because there was no way to know the exact source of the lead used in
a particular bullet, i.e., whether it was melted by a secondary smelter, whether
it was remelted from waste and scraps by the manufacturer, or whether each
bullet in a box contains lead from the same melt, Lundy did not attempt to
trace the origin of each bullet to its source. Instead, she used a machine that
measures the percentages of trace elements by a methodology known as
inductively coupled plasma-atomic emission spectroscopy, or ICP (also
known as IAP). If the percentages of impurities in two bullets are the same,
i.e., “analytically indistinguishable,” that fact is “consistent with” the bullets
having originated from the same batch of molten lead. As applied to this
case, that finding constituted circumstantial evidence that the bullet that
killed DiGiuro was manufactured at the same time as one of the bullets
contained in the rifle found at 501 Capital Avenue and nine of the bullets
contained in the ammunition box found at 1469 Old Lawrenceburg Road.
From this circumstantial evidence, she continued, the jury could infer that
the murder bullet, one of the bullets found in the rifle, and nine of the bullets
found in the ammunition box were all purchased together and, thus, the
murder bullet belonged to defendant.98

Contradicting this considerable inferential leap of faith, however, was the
testimony of Paul Szabo, an employee of Winchester Ammunition. He stated
that the ammunition box found at 1469 Old Lawrenceburg Road originally
contained only 20 bullets. Three bullets were in the rifle and 17 bullets were
in the ammunition box, making the murder bullet one bullet too many.
Furthermore, as pointed out at trial, Winchester purchases its lead in billet
form and, thus only remelts lead shavings and scraps at its manufacturing
plant. The significance of that fact is that Winchester’s furnace has only a
15,000-pound capacity whereas some smelters have crucibles with up to
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200,000-pound capacities. Thus, literally millions more bullets could have
the same “source” if they were last melted by a secondary smelter instead of
by Winchester. However, the court noted, those facts affect only the weight
of Lundy’s evidence, not its scientific reliability.99

Defense expert William Tobin admitted that ICP was a scientifically
accepted method of determining the percentages of trace elements in lead
bullets; however, Tobin disagreed with Lundy’s reasoning that a finding that
any two bullets were analytically indistinguishable was “consistent with” their
having the same source, i.e., being traceable to the same “last melt.” The court
observed that Lundy never opined that the analytically indistinguishable
bullets did originate from the same source. Relying on data obtained from
secondary smelters, Tobin described instances where the trace elements were
not homogeneous, e.g., where the percentage of antimony would be different
on one side of an ingot than on the other. In fact, the court noted:

Lundy never claimed that the trace element percentages will always
be homogeneous, i.e., the same throughout a particular batch of
molten lead. Of course, if the trace element percentages in a par-
ticular batch are not homogeneous, bullets manufactured from
that batch would not be analytically indistinguishable, thus would
not be “consistent with” the two bullets having the same source
even though they, in fact, did have the same source. That fact, of
course, would redound to the benefit of the accused.100

Defense expert Tobin also described “piggybacking,” i.e., filling a
mold with molten lead partially from one crucible and partially
from another crucible. However, the court stated: if that occurred
and a homogeneous mixture did not result, the bullets again would
not be analytically indistinguishable, a result again redounding to
the benefit of the accused. It is only when the bullets are analytically
indistinguishable that evidence from a comparison bullet lead anal-
ysis attains relevancy.101

Finally, Tobin described several instances when manufacturers had
reported identical percentages of impurities from two separate “pours.” He
did not speculate on the mathematical probabilities of such an occurrence.
Again, the appeals court stated, Lundy did not testify that the bullets must
have come from the same batch of molten lead but only that their metallur-
gical composition was consistent with having come from the same batch.
Tobin’s testimony tended only to prove that it was possible that the analyti-
cally indistinguishable bullets did not come from the same batch. The court
observed that other jurisdictions have admitted similar evidence of compar-
ative bullet lead analysis,102 and that Lundy testified that the analysis had
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been subjected to peer review in a number of scientific journals. On this
record, the court upheld the trial court’s admission of the lead bullet com-
parison methodology:

We conclude that there was substantial evidence to support the
trial court’s finding that the methodology used to determine the
metallurgical composition of lead bullets and Lundy’s reasoning
that the fact that two or more bullets have an analytically indis-
tinguishable metallurgical composition is consistent with their
having come from the same source were both scientifically reliable.
Whether Lundy’s evidence would assist the trier of fact was a closer
call, given that literally millions of bullets could come from the
same source. Nevertheless, because that fact goes more to weight
of the evidence than to its relevance, we conclude that the trial
court did not abuse its discretion in determining that the evidence
would assist the trier of fact in determining whether defendant
fired the shot that killed DiGiuro.103

With considerable interest in the topic of bullet or ammunition match-
ing, serious study is beginning in attempts to embrace or put to rest this
most controversial methodology.104

X. Incompetence of Counsel 

In Boyd v. State,105 the defendant was convicted for intentionally murdering
Evelyn Blackmon and Fred Blackmon during the course of a robbery and
kidnapping. Accomplice Milstead testified at trial that Boyd took Milstead’s
gun and shot the victims. Among the claims made in a post-conviction
petition were that his trial and appellate counsel were ineffective, in part for
failing to aggressively attack the state’s ballistic experts. Defendant main-
tained that it was essential that his attorneys impeached the credibility of the
state’s forensic experts, who gave evidence regarding which wounds were
caused by which firearms, what kind of wounds the victims suffered, and
how long after the infliction of the wounds they died. Boyd maintained that
such testimony was most likely used to support the trial court’s finding of
heinous, atrocious, or cruel aggravating factor, justifying the death penalty,
as well as to bolster the prosecutor’s theory as to how the murders occurred.
The court ruled that the testimony of a ballistics expert would not have
resolved who pulled the trigger, and thus failed to see how a court financed
ballistics expert could have impeached accomplice Milstead’s testimony
regarding who shot the victims.
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In Commonwealth v. Wallace,106 defendant was convicted of first-degree
murder and was sentenced to death. Defendant appealed, arguing, among
other grounds, on the basis of incompetency of counsel as regards the bal-
listics testimony admitted against him.

On August 17, 1979, Henry Brown and William Wallace, Jr. robbed Carl’s
Cleaners in Cannonsburg, Pennsylvania, in the course of which, defendant
Wallace allegedly shot and killed the store owner and a 15-year-old employee,
Tina Spalla. Wallace argued that his trial counsel was ineffective in failing to
obtain an independent ballistics analysis of the bullet recovered from the
body of Tina Spalla. At trial, the prosecution’s theory was that Wallace had
shot both victims with a .32-caliber handgun, and that while accomplice
Henry Brown had carried a .38-caliber handgun, he had not fired at either
victim. Brown’s .38-caliber handgun was recovered and admitted as evidence
at trial, but the .32-caliber murder weapon was never located.

State Trooper Daryl W. Mayfield, a ballistics expert for the State Police
Crime Lab, examined the bullet slugs recovered from the victims’ bodies and
testified that they were all .32 caliber. However, Dr. Ernest Abernathy, the
pathologist who performed the autopsies on the victims, testified that the
bullet he removed from the body of Tina Spalla appeared to him, upon visual
inspection, to be .38 caliber. Wallace argued that in light of Dr. Abernathy’s
testimony, and given the fact that Brown was carrying a .38-caliber weapon,
his lawyer should have sought an independent ballistics analysis to definitively
assess the caliber of the bullet that killed Tina Spalla.107

The court found this argument to be without merit, noting initially that
no credible issue existed as to the slug’s caliber. Dr. Abernathy was a pathol-
ogist who simply inspected the bullet visually and concluded that it was .38
caliber. Trooper Mayfield, on the other hand, was a State Police ballistics
expert who performed a laboratory analysis of the bullet and determined
that it was .32 caliber. In any event, the court concluded, it was clear that
counsel’s decision not to pursue an independent analysis was motivated by
trial strategy, counsel being concerned that if a ballistics analysis establishing
that the bullet was indeed a .32 caliber was performed, counsel would lose
any reasonable doubt that could be created. The court concluded, defendant’s
incompetency of counsel’s claim failed.

However, in the case of Cravens v. State,108 counsel’s failure to investigate
the propriety of obtaining expert witnesses to testify regarding the distance
from which shot was fired was considered unreasonable and fell below the
customary skill and diligence of a reasonably competent attorney in murder
prosecution. There, where defendant’s entire defense rested upon the fact
that the shot was fired from close distance, prosecutor’s expert testified that
the shot was made from six to eight feet distance, and counsel later admitted
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he thought that test-firing patterns and autopsy reports provided through
discovery “meant nothing to the case. ”

XI. Gunshot Residue

The 14th Interpol Forensic Science Symposium Firearms Literature Review
in November of 2004 noted ongoing problems with the issue of reliable tests
to determine the presence of gunshot residue (GSR):

There is no consensus among the forensic laboratories regarding
the number of particles needed to confirm the presence of GSR.
The controversy among the experts on this question is still unre-
solved (personal communication, 8th Firearms Working Group
meeting, Brugge, Belgium, September 2001). There is much more
agreement regarding the wording of reports when a lab decided
that there is a positive result. In such a case the statement:

—The sample is consistent with the suspect having discharged a
firearm, having been in the vicinity of a firearm when it was
discharged, or having handled an item with GSR on it resembles
the phrasing of most of the labs (2). In any case, it is very impor-
tant to compare the GSR compositions found on a suspect to the
GSR compositions of the spent cartridge cases (if found) at the
scene of crime as well as to the GSR compositions in the suspected
firearm (if apprehended). Sometimes the evidential value of such
comparisons may be much higher than the degree of — unique-
ness “of the GSR particles found on the suspect, for instance, if
the GSR particles found on a suspect are consistent with the GSR
in the spent cartridge cases of a rare ammunition.”109

GSR continues to occupy the attention of modern courts.
In Simmons v. State,110 defendant was convicted of murder. The Missis-

sippi Supreme Court ruled that the probative value of expert testimony
regarding the results of a gunshot residue test was not substantially out-
weighed by the danger of undue prejudice. This was so, because the expert
never testified that the test established that the murder defendant had fired
a weapon, but instead testified that characteristic particles were identified in
the sample but that he could not say positively whether or not defendant had
fired a weapon.

The cause of victim Wilkerson’s death was a gunshot wound to the left
side of her head. The recovered projectile entered the left cheek of Wilkerson’s
face, traveled through her skull and severed her spinal cord, causing her death.
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John F. Dial, III, a firearms expert, identified the recovered projectile as being
fired from a .38-caliber revolver-type pistol. Dr. Rodrigo Galvez, forensic
pathologist, testified that the gunpowder soot or “tatooing” on the skin
indicated that the shot was fired at very close range. Jackson Crime Scene
Investigator Charles Taylor testified as to the evidence collected and docu-
mented at Wilkerson’s apartment. Taylor testified at trial that he collected a
gunshot residue (GSR) kit from defendant Simmons. Taylor explained that
once collected, Simmons’s GSR test was sent to the crime lab to be examined
on a scanning electron microscope. The test results were mailed back to
Taylor. While Taylor testified that the results came back positive, he also
expressed his lack of confidence in GSR testing. Taylor testified that because
you cannot tell whether a person actually fired a gun himself or whether he
was only in the same area of someone else firing a gun, he did not place
confidence in the GSR testing results.111

A GSR test was performed on Simmons, and the samples were sent to
the state crime lab to determine if the samples contained gunshot residue.
At trial, Whitehead, an employee of the Mississippi Crime Lab, was accepted
as an expert by the court. Simmons did not question Whitehead’s qualifica-
tions or his ability to follow the proper testing procedures generally accepted
in the scientific community. Whitehead testified regarding the results of the
GSR test conducted on samples taken from Simmons. Whitehead testified
that the crime lab issues three types of reports after analyzing GSR tests: a
positive report, which indicates that gunshot residue was positively identified,
a negative report, which indicates no residue was found, or a characteristic
report, which indicates there are particles present but they do not meet the
strict definition of gunshot residue.

Whitehead’s report regarding the Simmons’ sample was a characteristic
report. Defendant argued that Whitehead’s testimony strongly and inaccu-
rately suggested to the jury that the test results were positive for gunshot
residue when in fact not all of the characteristics of residue were found.
Simmons submitted that unless Whitehead could testify within a reasonable
degree of scientific certainty that the test indicated gunshot residue on his
hands any opinion rendered would be highly speculative and hypothetical.

When questioned by the state as to the GSR testing, Whitehead testified
as follows:

State: Did you find particles consistent with particles present in
gunshot residue?

Whitehead: Yes, sir, I did.

State: And can you say that with a reasonable degree of scientific
certainty that you found particles consistent with gunshot residue?
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Whitehead: Yes, sir. There were particles present that were indic-
ative of gunshot residue, but because they did not meet the strict
definition of what gunshot residue is, they were not positively
identified.

You can find particles that don’t always — you know, they’re not
always round. They don’t always contain — here could be anti-
mony barium particles or lead antimony particles. I have no reason
to believe it’s anything else, but because it does not meet that strict
definition of what gunshot residue is, it cannot be positively iden-
tified in our laboratory.

State: Now, so that we can be fair to everyone involved in this,
would it be fair to say that you can neither rule in nor rule out
Byron Simmons as a shooter of a firearm based on these tests?

Whitehead: I can never do that. All I can simply say is that person
was either in the environment or not in the environment.

State: And can you say that he was nor wasn’t in the area where a
firearm was fired in this case?

Whitehead: No, sir.112

The State argued that the testimony was properly admitted, the results
of the test were not speculative as to whether or not there were characteristics
of gunshot residue, and that the test did not produce a negative result.
Whitehead explained that while the particles could have contained the same
elements of gunshot residue, the shape of the particles determines whether
the findings will produce a positive or only characteristic result. If the proper
shape is not found, despite the presence of gunshot residue, the test will
determine that particles characteristic of gunshot residue were identified.
That is exactly the situation Whitehead discovered when the samples taken
from Simmons were tested.

The court, in rejecting defendant’s argument, accepted the validity of the
often-seen limbo-status testimony of forensic experts across the fields of the
forensic sciences:

Whitehead testified that the test produced results characteristic of
gunshot residue. The test results were not positive for gunshot
residue based on the standards used by the crime lab, however,
the test results were also not negative either. Whitehead further
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testified that the results of the test could not determine conclu-
sively if someone fired a weapon, only that if they were in the
“environment” of a discharged weapon…Whitehead never testi-
fied that the GSR test established that Simmons had fired a weapon.
In fact, Whitehead only testified that characteristic particles were
identified in the sample, but he could not say positively whether
or not Simmons had fired a weapon. Whitehead explained to the
jury how the test was interpreted. The trial court did not abuse its
discretion in allowing the testimony from Whitehead to be admit-
ted into evidence.113

Gunshot residue was recently addressed in the context of an ineffective
counsel claim.

In People v. Young,114 a 2004 Illinois case, defendant was convicted of
first-degree murder. He pleaded self-defense. The shooting death arose out
of an argument over money at a family barbecue. The defendant claimed
ineffective assistance of counsel, arguing that his defense counsel failed to
order a gunshot residue of the defendant’s clothing or conduct adequate cross-
examination of the State’s expert scientific witnesses. The appellate court found
that the performance of defense counsel was deficient, for purposes of defen-
dant’s ineffective assistance of counsel claim, where counsel did not object to
misconduct of prosecutor that undermined defendant’s right to a fair trial,
admitted he lacked requisite experience to appropriately cross-examine pros-
ecutor’s experts, bolstered testimony of experts on cross-examination by not
either refuting testimony or developing it in a way consistent with defendant’s
theories, and failed to order gunshot residue tests of the victim’s clothing. 

At trial, the state also called John Paulson, an employee of the forensic
division of the Chicago Police Department, who worked for the department
as an evidence technician forensic investigator. After taking numerous crime
scene photographs and gathering shell casings, Paulson indicated that he
administered the gunshot residue test to the hands of the victim. On cross-
examination, Paulson reiterated what he found when he processed the crime
scene. He was also asked to describe, step-by-step, the process of doing a
gunshot residue test on a dead person’s hands to determine the presence of
lead, antimony, and barium.

The defense counsel admitted he was lacking in the expertise necessary
to appropriately cross-examine Dr. Lifschultz, the pathologist, on his new and
improved medical opinions as to the key issue of entrance and exit wounds.115

Following the colloquy with the trial court about the change in testimony,
Lifschultz was tendered to the trial court as an expert witness in forensic
pathology. He testified to the autopsy process in general and the autopsy of
Jeffrey Sturghill in particular. He found three through-and-through gunshot
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wounds, a small abrasion over the left eye, and a small abrasion on the back
of the right ankle. Lifschultz found that the abrasions were consistent with
a fall over the railing. He testified that he can tell the difference between
entrance and exit wounds because of the tearing of the skin associated with
exit wounds and the presence of specific abrasions of the tissue surrounding
the entrance wounds. Lifschultz concluded that the wound at the side of the
back was an entrance wound. The wound at the left side of the back was also
an entrance wound.116 The corresponding wound on the right side of the
belly was an exit wound. There were also gunshot wounds to the left hip and
lower right leg, the photographs of which were marked by the witnesses as
to entrance and exit.

On cross-examination, Lifschultz was questioned as to how he could be
so certain at trial as to which were entrance and exit wounds even though
there were no such designations made at the time of the autopsy. At no point
in the autopsy report did Lifschultz document which were entrance and
which were exit wounds. He was then questioned as to the change in his
opinions from the time they were originally made until 15 minutes prior to
the testimony for which he was being cross-examined. Lifschultz claimed his
new opinion was a refinement of his original opinion.117

The next state expert witness to testify was Scott Rochowicz, an employee
of the Illinois State Police Forensic Science Center in Chicago, Illinois. He
testified to the gunshot residue test, crucial on the issue of self-defense by
defendant. He found elevated levels of barium, antimony, and lead on the
decedent’s hands. He found the levels to be inconclusive of gunshots because
those levels were not as high as he would have expected, though he admitted
he found levels that were elevated above the amounts normally found on the
general population. He did not test the decedent’s clothing for gunshot res-
idue, even though he admitted there could have been residue there.

Defendant argued that the physical and scientific evidence corroborated
his theory that the shooting was the result of self-defense. He pointed to the
spent cartridge case found near victim Sturghill’s body. That cartridge case
was found not to be from the firearm used to shoot Sturghill. Young claims
that the State offered little more than speculation for how that cartridge case
got next to the body. According to Young, the scientific tests performed on
Sturghill showed elevated levels of lead, antimony, and barium, all elements
associated with the firing of guns. While the tests were deemed inconclusive,
Young stressed that the levels of those elements were higher than the levels
that would likely be found on the hands of an ordinary citizen who had not
fired a gun.118

The court, in reversing defendant’s conviction, emphasized prosecutorial
error in asking whether he thought that the state’s expert witness, among
others, had lied:
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In this case, the prosecutor asked defendant several times to com-
ment on the state witnesses’ veracity: “So the medical examiner
lied when he said that this was an entrance wound?”; “So you can’t
think of any reason why he (Kenneth Simmons) would lie about
what you did, can you? We expect our enemies to lie on us. It (sic)
was your friend, wasn’t he?” and “Can you think of any reason
why she (Doanita Simmons) would lie?” Defendant answered that
he did not know what the medical examiner said, that Kenneth
and Doanita were his friends and he did not know of any reason
why they would lie.

The prosecution’s practice of asking a criminal defendant to com-
ment on the veracity of other witnesses who have testified against
him has consistently and repeatedly been condemned by this court
because such questions intrude on the jury’s function of determin-
ing the credibility of witnesses and serve to demean and ridicule
the defendant. This practice has generally been deemed harmless
error where evidence of defendant’s guilt was overwhelming. Where
the evidence in a case is closely balanced and the credibility of the
witnesses is a crucial factor underlying the jury’s determination of
defendant’s guilt or innocence, the error may not be harmless.119

Additionally, the court agreed with defendant’s ineffective assistance
argument in several instances:

…first from the failures of defense counsel to step up and object
to the conduct of the prosecutor and also to the admission defense
counsel made in open court that he lacked the requisite expertise to
appropriately cross-examine experts on their opinions. Though the
trial court indicated that a continuance would be acceptable to give
time to better prepare, Young’s trial counsel indicated readiness.
Admittedly, trial counsel was placed in a difficult situation when
facing the defendant’s competing interests of having a speedy trial
with having effective representation at trial. Additionally, trial
counsel’s representation fell below the minimal Strickland level of
effectiveness during cross-examination because he not only bolstered
the testimony of the experts, but repeatedly referred to his inability
to properly defend against those expert opinions. Trial counsel’s only
job was to explain ways the opinions of the expert were consistent
with the theory of self-defense. If counsel is mounting a self-defense
argument, effective representation would require either refuting oppo-
sition testimony or simply developing it in a way that is consistent with
the defense theories being espoused. Additionally, though this is not
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necessarily a trial error, effective assistance in mounting a self-defense
claim would dictate that counsel order gunshot residue tests of
Sturghill’s clothing if the clothing was still available, especially when
the state seemed unable or unwilling to do so as part of its normal
investigative process.120 

Ballistics related testimony is often linked with wound-analysis testimony
by forensic pathologists to determine the relative location of shooter and
victim by way of powder residue or stippling effects. Several recent examples
follow. In a related matter, the tests utilized to determine gunshot residue on
the hands or clothing of shooter or victim remain controversial. The article,
Firearms Evidence, contained in the 1998 Interpol Forensic Science Sympo-
sium,121 notes that the introduction of lead-free ammunition has had a
noticeable impact on the testing for gunshot residue:

Recent contacts with ammunition showed that increasingly more
manufacturers include lead-free ammunition in their assortment.
The use of lead-free ammunition is steadily rising, but it has not
yet resulted in an increasing number of publications in the field
of investigation of lead-free gunshot residues.122

The 14th Interpol Forensic Science Symposium Ballistic Report
addressed a number of articles about the complex and ongoing problem of
the identification of gun-shot residue (GSR):

There is no consensus among the forensic laboratories regarding
the number of particles needed to confirm the presence of GSR.
The controversy among the experts on this question is still unre-
solved (personal communication, 8th Firearms Working Group
meeting, Brugge, Belgium, September 2001). There is much more
agreement regarding the wording of reports when a lab decided that
there is a positive result. In such a case the statement: — The sample
is consistent with the suspect having discharged a firearm, having
been in the vicinity of a firearm when it was discharged, or having
handled an item with GSR on it “resembles the phrasing of most of
the labs (2). In any case, it is very important to compare the GSR
compositions found on a suspect to the GSR compositions of the spent
cartridge cases (if found) at the scene of crime as well as to the GSR
compositions in the suspected firearm (if apprehended). Sometimes
the evidential value of such comparisons may be much higher than the
degree of  — uniqueness” of the GSR particles found on the suspect,
for instance, if the GSR particles found on a suspect are consistent
with the GSR in the spent cartridge cases of a rare ammunition.123 
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XII. Suicide vs. Homicide

State v. Myszka124 involved the murder of a woman whom police found dead
in her bedroom as the result of a gunshot wound to her chest. A .32 Derringer
pistol was removed from her left hand. The deceased was right-handed. 

The state’s ballistic firearm expert testified that he found no gunpowder
residue on the shirt that the deceased wore at the time of her death. He
further testified that he test-fired the gun and found that at 20 inches, gun-
powder residue would be present on the garment, meaning that the gun had
to be fired at a distance greater than 20 inches from the wound. Based on
this, he concluded that this gunshot would have been inconsistent with the
deceased shooting herself.

The medical examiner testified that it would be impossible for the gun-
shot wound on the deceased to have been self-inflicted, given the autopsy
report on the deceased and the ballistics report. Dr. Bonita Peterson, who
performed the autopsy, testified that, “with the left hand,” a suicide “would”
be “difficult and awkward” or “may not even be possible.”125

The state’s ballistic expert testified that because he found no gunpowder
residue on the shirt the deceased was wearing at the time of her death, the gun
had to have been fired at a distance greater than 20 inches from the wound.
Dr. Peterson, who performed the autopsy, testified that the path of the bullet
was at a very slight upward angle and at about a 20-degree angle to the left.
She opined that it may not have been physically possible for the deceased to
shoot herself with her left hand. She also testified that there was no sooting
or tattooing in the deceased’s gunshot wound, indicating that the gun was
not close to and not in contact with the skin. Finally, the medical examiner
testified that it would be impossible for the gunshot wound on the deceased
to have been self-inflicted, because the ballistics report concluded that the
gun had to have been fired more than 20 inches away and because of the
wound track, angle, and characteristics reported by Dr. Peterson.126 The court
concluded that the killing was neither an accident nor a suicide, but a homicide:

This is substantial evidence from which a jury could find that
the death of the victim was not the result of an accident. Under
the evidence at trial, a reasonable juror could find beyond a
reasonable doubt that the appellant was guilty of second degree
murder. The state provided ample evidence to prove the corpus
delicti. The evidence showed the gunshot was not self-inflicted,
and certainly not a natural event. Neither was any evidence offered
to show that the gunshot was the result of an accident. This leaves
one possibility: appellant shot the victim.127
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Ballistics expertise, to a much lesser degree than firearms-related issues,
involves the identification, class characteristics, and possible linking of a wide
variety of tool marks observed and preserved at a crime scene.

XIII. Tool Marks

Tool-mark examination continues to be part of the forensic science corpus
of disciplines used in criminal case investigations and trials. The idea encom-
passes striation marking made in wood, putty, and other media that must
be forced to gain entry to property or, in rare cases, used to cause blunt
trauma to an assault or homicide victim. It has been referred to as the
breaking part of the breaking and entering common to a large number of
crimes. Pry bars, screwdrivers, knives, pliers, crowbars, wire cutters, bolt
cutters, and a host of other tools may leave striation marking in building
media that can provide valuable trace evidence and possible identifications.
Building materials, such as paint, brick, or glass also may attach to the tool
and thereby provide a possibility of linkage.128 Tool-mark matching is still
far from confident, given the nature of the malleable medium that typically
contains the mark. Nonetheless, recent decisions have had little difficulty
accepting expert opinion based upon it.

In People v. Genrich,129 defendant was convicted of use of explosives to
commit a felony, third-degree assault, and two counts of extreme indifference
homicide. The disputed evidence consisted of testimony from a BATF expert
that three different sets of pliers recovered from defendant were used in
making one or more of the bombs. According to this witness, one set of
defendant’s pliers was used to cut certain wire, the wire strippers were used
to cut a different wire, and a third was used to fasten a cap to the pipe. The
witness also testified that wires used in two of the bombs came from the same
batch of wire.

Defendant, reciting the standard objections to nonscientific evidence,
contended that the evidence was not based on a theory generally accepted in
the scientific community, that no techniques in the examination were capable
of producing reliable results, and that the prosecution’s expert did not use
tests that followed accepted scientific techniques. The prosecution offered to
prove that tool-mark identification evidence had been accepted in a number
of courts throughout the United States over an extended period of time and
hence an evidentiary hearing was unnecessary.

Defendant noted that the BATF agent who served as the prosecution’s
expert did not have any post-high-school formal education, that no standard
curriculum had been developed to train tool-mark examiners, and that no
national certification program was available to confirm the knowledge and
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training of this type of expert. Defendant also pointed out that, unlike finger-
print or ballistics testing, no data bank has been established relative to the
various types of hand tools. In the instant case, defense counsel argued that
the examination of only two consecutively manufactured tools was insuffi-
cient to support the expert’s claim that every tool leaves a mark or marks
different from every other tool.130 

The court of appeal found no error in the trial court ruling, noting:

…that the record reflected that the basic premise for tool-mark
analysis was that hand tools used either to cut or to clamp softer
materials may leave a specific and essentially permanent type of
mark on that material. The softer material is examined under a
microscope that magnifies the marks to 80 times their original
size. The handbook can then be examined to determine whether
the marks were left by that specific tool.

According to this expert, no two tools make exactly the same mark on
softer material either because of the manufacturing process or because of the
subsequent use or misuse of the tool. In this regard, the witness stated that
he had never encountered any research or other data indicating that any two
hand tools of the same type can make the same mark.131

Legal research demonstrated that experts in the use and analysis of tools
have traditionally and consistently been allowed to testify concerning the
marks left by such instruments.132 Hence, there was ample legal support for
the trial court’s conclusion that this type of evidence is accepted.

The court noted that neither a college degree nor formal training in an
established curriculum was necessarily required before one may be consid-
ered an expert in a particular field. The absence of clear points of comparison
or data banks relative to tool examination did not render the analysis inher-
ently unreliable:

The critical factors are the marks, as magnified by the microscope, on
the materials used in the bombs and similar test materials, and the exami-
nation of the cutting or clamping face of the tool itself… The expert’s
premise, that no two tools make exactly the same mark, is not challenged by
any evidence in this record. Hence, the lack of a database and points of
comparison does not render the opinion inadmissible.133 

The court concluded that defendant’s objections and arguments
addressed the weight to be accorded the expert’s opinion and that no pretrial
evidentiary hearing was required. 

The impact of modern forensics on the solution of old or cold files is
demonstrated by a fascinating example in the case of State v. Parsons.134 There,
defendant was found guilty and sentenced for the 1981 murder of his wife,
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Barbara Parsons. On the afternoon of February 11, 1981, Sherry Parsons
discovered her mother’s body lying at the foot of her parents’ bed in their
Norwalk home. Barbara Parsons had been beaten to death. The murder
investigation quickly centered on appellant James Parsons, decedent’s hus-
band, when it was discovered that the Parsons were considering a divorce.

Norwalk police interviewed several persons associated with appellant
including a mechanic who was employed at appellant’s garage. The mechanic
told police of an unusual statement appellant had made, where he announced
that a “half-inch breaker bar” that had been missing from appellant’s tool set
had been left in a car he had sold to a friend two weeks earlier. Prosecutors
labeled this statement as an attempt to establish an “alibi” for the murder
weapon.

The detectives traced the car, recovered the bar and returned to Ohio,
where it was examined. Criminalists, however, found no traces of blood or
other material that might link the bar to the murder, and it was returned to
Norwalk where it was stored in the police property room along with the
bloodstained sheets, clothing, and other physical evidence taken from the
crime scene. That evidence remained in storage for nearly a decade. During
that time the case, although nominally still open, was not actively investigated
by police.

In 1990, a new detective was assigned to review the case, who looked at
the evidence collected in 1981, and believed that he saw a match of marks
on the bloody sheets and the bar. The sheets and breaker bar were tested by
the forensics experts at the Cuyahoga County Coroner’s Office and the Ohio
Bureau of Criminal Investigation (BCI). These experts testified that they
found numerous impressions in blood on the sheets consistent with the
breaker bar retrieved from Arizona in 1981. Importantly, the experts testified
that none of the impressions were inconsistent with the breaker bar. The BCI
expert testified that by chemically enhancing the bloodstains on the sheets,
letters from the word “Craftsman” on the breaker bar could be seen and that
the marks found in bloodstains on the nightgown Barbara Parsons was
wearing matched “individuating” abnormalities unique to the breaker bar.
This evidence gave clear support to the verdict against the husband:

…from the ferocity of the attack on Barbara Parsons it can be
reasonably inferred that whoever killed her intended to do so. The
only real issue at trial was the identity of that actor. It was un-
questioned that appellant owned a Craftsman half-inch breaker
bar. There was expert forensic testimony that a specific Craftsman
half-inch breaker bar left identifiable impressions in blood at the
murder scene and that the shape and design of the bar was con-
sistent with the wounds Barbara Parsons received. This specific
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Craftsman breaker bar was found under the seat of a car appellant
sold to Neil Burrass.135

At a bare minimum, the court concluded this was evidence by which
reasonable minds could differ as to appellant’s culpability.

In State v. Hill,136 the defendant was convicted of aggravated murder. The
coroner testified that the victim, defendant’s mother, died as a result of ten
stab wounds to her chest and back. Some were inflicted with “considerable
force.” One knife wound perforated the heart and nicked a lung; two others
punctured a lung and broke ribs; and, another perforated the scapula or wing
bone. No defensive-type wounds were evident. The victim, aged 61 years,
had been partly paralyzed from a stroke. Defendant told detectives that
around March 23 he had been driving in his mother’s car and using cocaine,
but denied any knowledge of his mother’s death. Detectives talked with Jones
and Vernon Hill, Hill’s brother. Police further learned the defendant’s mother
never let either son drive her car without her being present. The police
searched the victim’s Oldsmobile and found a tire tool, two $20 bills, and
two $1 bills in the trunk. One $1 bill was stained with type A blood, which
was the victim’s blood type. Microscopic examination of the tire tool revealed
microscopic brass flakes matching the composition of a brass door protector
on the victim’s apartment door and the brass protector appeared to have
“fresh jimmy marks.” The black paint on that protector matched the painted
tire tool.137

In State v. Hayes,138 a 2002 Missouri case, the defendant was convicted
of involuntary manslaughter and armed criminal action. The testimony of a
forensic criminalist that the wounds on the defendant’s forehead could have
been self-inflicted was relevant to defendant’s claim that he acted in self-
defense after victim attacked him with a claw hammer. The state presented
testimony that the victim was unarmed and struck defendant with his bare
hands, that defendant retrieved a hammer from victim’s work area after the
shooting, and that defendant was not bleeding when witness first saw him
after shooting.

The testimony of a criminalist with a specialty in toolmarks and wound
analysis concluded that defendant’s hammer wounds were self-inflicted. The
witness Cayton had significant training and experience related to wounds
caused to the human body by various objects, including hammers, and was
a forensic criminalist who specialized in firearms and tool marks. Mr. Cayton
testified that his expertise included examining tool marks on human beings,
and that he was a member of the International Wound Ballistics Association,
which studies wounds caused to the body by various objects. He further
stated that he had studied the effects of various types of trauma to the body.
Mr. Cayton testified that in the course of his work he had studied victims’
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wounds to compare with various objects that might have been used to inflict
them.

He also testified that he had previously examined cases in which hammers
had been used as weapons. The court readily approved his qualifications:

Based upon the education and experience reflected in Mr. Cayton’s
curriculum vitae and his testimony, the trial court was well within
its discretion to allow Mr. Cayton to testify about the nature of a
hammer claw wound to the human body and to offer his opinion
that the wounds on appellant’s face were consistent with having
been self-inflicted. Mr. Cayton’s testimony involved his expert
opinion as a criminalist and related to technical matters that ex-
ceed the ordinary experience of jurors. The trial court did not
abuse its discretion in admitting that testimony.139

Mr. Cayton testified that appellant’s facial injuries were consistent with
having been caused by the claw hammer. He further testified that defendant
had five different wounds from the hammer and that all of them were super-
ficial and were caused by contact with only one of the two claws on the
hammer. He also testified that the angle of the injuries indicated that they
had come from defendant’s right side and that the handle of the hammer
would need to have been on the right of defendant. He testified that the
wounds were consistent with defendant striking himself right-handed with
the hammer; however, he acknowledged that the injuries were also consistent
with someone else on defendant’s right side having caused them.140

Totally unsupported tool-mark matching testimony was rejected in the
2003 Texas case of Sexton v. State,141 where defendant was convicted of three
counts of aggravated assault with a deadly weapon. On appeal, he argued
the trial court erred in admitting the testimony of Ronald Crumley (a firearm
and tool-mark expert with the Bexar County Forensic Science Center) that
the nine-millimeter shell casings found at the scene were loaded into the same
magazine as the live cartridges found in Sexton’s bedroom, because the State
failed to prove Crumley’s testimony was reliable.

In its opening statement, the prosecution stated:

Ronald Crumley, an expert forensic specialist, will testify and tell
you that there is no doubt in his mind that the four shell casings
found at the scene of the shooting … and the 24 nine-millimeter
live rounds found in this young man’s bedroom were cycled
through the exact same magazine. And that is how they got him,
because without something else, even though they know he did
it, they couldn’t get him. So when they had that, they had the
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defendant. He was in possession of bullets that went through the
same exact magazine as the bullets that shot those kids that night
and that is what the evidence is going to show you.142 

Similarly, the state argued in closing: 

You’re left with this young man in possession of live shell casings
of the exact same make, model, caliber as those found at the crime
scene, you are left with live shell casings with the exact same tool
markings on them as those found at the crime scene and you are
looking at definitively, definitively, the bullets from the bedroom
were cycled through the same magazine as the ones at the shoot-
ing…. And if that doesn’t tend to connect somebody to a crime,
I don’t know what does. It does, and that is definitive.143 

Because Crumley’s testimony was unequivocal and because the state repeat-
edly emphasized its “definitive” nature, the court felt that it could not conclude
that the error in admitting the challenged testimony was harmless. They accord-
ingly reversed the trial court’s judgment and remanded for a new trial.144

In State v. Simerly,145 a 2004 Tennessee case, tool-mark expertise was
accepted in a case about a prison murder involving homemade “shanks.” A
Tennessee Bureau of Investigation laboratory technician testified that he had
been trained in the analysis of tool marks and that he had analyzed two of
the shanks found in Northeast Correctional Center (NECC) following the
victim’s murder. He compared two shanks — the one from the defendant’s
cell and one of the other shanks recovered — with stab or gouge marks
embedded in a fragment of the victim’s skull, which had been provided by
the medical examiner. The technician testified that the shank from the defen-
dant’s cell left impressions in a test surface made of lead that were very similar
to the impressions found in the victim’s bone fragment. The other shank
tested made dissimilar marks.

XIV. Conclusion

The technology of gun manufacture has been fairly stable, allowing for con-
siderable confidence by courts in ballistics testimony. This was noted in the
Firearms Section of the 14th Interpol Forensic Science Review paper:

The main field of the ballistic expert’s work is identifying firearms.
The first stage involves classifying the firearm into firearm types:
pistols, rifles, machine guns, etc. The next stage is to identify the
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subclass characteristics of these types, for example, identifying a
semiautomatic gun with a CBP (Colt Browning Patent) mecha-
nism such as Colt 1911 pistol. The final stage involves the absolute
identification (individual characteristics) between a specific firearm
and bullets and cartridge cases. The origin of these characteristics
stems from the manufacturing processes and maintenance of the
firearms.146

Approximately one-third of the papers in this literature scan describe
identification issues. Many studies are case reports and technical notes
regarding unique characteristics of firearms and their comparative value.
Other studies involve different methods to calculate the minimum number
of identification marks and their values in that process of positive comparison.

A ballistic expert’s knowledge of technological developments regarding
the production and manufacturing processes (such as lasers, CNC methods,
and castings parts), as well as advances in material science (such as composite
materials and polymers) is essential. The ability to identify and understand
these new advancements is of critical importance to the firearms expert. 
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6Soil, Glass, and Paint

…The truth is, the Science of Nature has been already too long
made only a work of the Brain and the Fancy: It is now high time
that it should return to the plainess and soundness of Observa-
tions on material and obvious things…

Robert Hooke: Micrographia (1664)

I. Glass, Paint, and Soil in the Courtroom

Forensic science aims to provide both general and individual linking evidence
for use in cases involving laboratory analysis of glass shards, paint, or soil
connected to a crime scene. The microscopic examination of these items,
found at many crime scenes, is, like others discussed so far, basically an
observational discipline, but much more involved with chemical analyses
than hair, fiber, or ballistics or tool-mark examinations.1

II. Glass Analysis

The subject of glass as forensic evidence typically involves crushed glass, glass
shards or portions of a glass pane, present at the crime scene, as the result
of an illegal entry or some type of violence causing the glass to disintegrate
in some form. As with all of the forensic sciences, glass analysis can offer a
wealth of class-characteristic as well as individual linkage evidence. Also as
in the majority of the forensic sciences, this information is used to place the
defendant at the crime scene or somewhere connected to it, so that the suspect
can be charged and convicted.
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The class characteristic data that may result from a close chemical and
microscopic analysis includes determining the type of glass involved. What
kind of glass is it? What is its source? What is there to compare to glass
associated with defendant? Does the condition of the glass located at the
scene indicate how or if a transfer of glass shards or spray could have been
transferred to a suspect, such as shoes, clothing, or automobile carpeting?2

The many types of glass that may be generally identified with great
precision are:

• Window glass
• Plate glass
• Safety glass
• Automobile window safety glass
• Automobile headlamp glass
• Tinted glass of all types
• Eye glasses glass (prescription, if big enough shards)
• Bottle glass 
• Antique glass
• Architectural glass (shower stalls)
• Glass beads
• Pyrex and other cooking glass
• Clay, fired surfaces plates, dishes, etc.
• Crystal

Class characteristic information that can often be made with confidence
includes the kind of glass it is; to a degree, the nature of the impacting
projectile; the direction of impact (in or out); type of glass cutters; and
comparisons for potential jigsaw matching of shards. Microscopic presence
of glass is ubiquitous in modern urban life. Tiny glass particles are commonly
found on shoe soles and clothing. Giannelli and Imwinkelried cite studies
indicating that 67 of 100 men’s suits examined at a dry cleaners contained
glass fragments.3 Given the extensive presence of glass particles picked up in
our daily transit, it is especially important to be able to discriminate among
the various types of glass products before any attempt is made to effect a
suspect’s link to a crime scene. The greatest amount of manufactured glass
in the United States has a soda-lime base, and the nature of the glass com-
ponents, visually and chemically, will differ with the proposed commercial
or artistic use.4

As with all forensic sciences, a comparison is typically made of whatever
there is to compare, of crime scene material and similar material associated
with a suspect, to obtain a match. As noted throughout this book, a clear
distinction must be continuously made between what forensic scientists see
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as a laboratory match and what the courts will allow to be said about any
such finding. Here, as in the other forensic sciences, with the possible excep-
tion of fingerprints and DNA, the opinion, in court, must be couched in the
language of consistent with, not dissimilar, etc.

Comparison of crime scene datum with that found to be associated with
the suspect is the central idea of forensic evidence. Given the extraordinary
length of the DNA testimony in the O. J. Simpson murder trial, remember
that the sole purpose of the testimony was to get him at the crime scene. Like
hair and fiber and ballistics and tool marks, we need to inquire initially as
to what comparisons can be made here? Glass, paint, and soil can equally be
broken down into component parts that may yield worthwhile comparisons
going toward legally significant linkage testimony. Again, no definitive data-
bases with which to determine the frequency of any stated “match” occurring
in the general population exists, the same as in most other forensic disci-
plines. However, due to the considerable commercial attention to proprietary
differences in the world glass industry and the consistent collection of glass
data by the FBI progress is being made in that respect.5

Most commonly used comparison analyses utilize a combination of phys-
ical and chemical properties, such as refraction indices, dispersion staining,
density, chemical components, mineral content, and color. As recently noted
in:

Recent advances in analytical capabilities for the trace element
characterization of glass fragments have provided a high degree
of discrimination between glass fragments that was previously not
available with the physical property comparisons. There has been
considerable interest in the probability of transfer of glass frag-
ments and their retention on the clothing of a suspect of glass
breaking.6

The increased cooperation with the glass industry and its significant
proprietary databases, as with fiber, tire tracks, and shoe impressions, will enable
rapid strides in the establishment of meaningful databases with which to
engage in population percentage projection about proffered match opinions.7

The National Glass Association (NGA) Web site provides extensive infor-
mation and education on the subjects of promoting safety and ethics in the
flat glass and glass-related industries in the Americas. NGA publishes three
magazines filled with very useful and current information, accessible from
their Web site. The magazines are Glass Magazine, Window and Door, and
Auto Glass.8

The scientific literature on the forensic utilization of glass technology is
substantial and varied.9
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III. Glass in the Courtroom

A typical use of forensic glass technology is seen in the 2004 Illinois case of
State v. Ceja,10 where the defendant was convicted of the first-degree murder
of two individuals and unlawful possession of a motor vehicle. Because of
its extensive discussion of the routine steps used in current forensic practice,
it is described in detail here. The case involved a carjacking and crash that
left significant glass debris on the carjacking and later crash site.

Defendant claimed that he was denied a fair trial because of the state’s
glass comparison evidence, which connected glass found in the defendant’s shoe
to glass from the automobile involved in the crime. First, he argued that the
state’s expert witness’s opinion lacked a reasonable scientific basis for his
opinion. The court noted that defendant did not object to the expert’s testi-
mony about the refractive index of the glass or the frequency of occurrence
of the refractive index of glass. Instead, he argued that the expert should not
have been allowed to testify that there was a “good probability” that the glass
from the shoe came from the automobile.

The court found that defendant’s argument on appeal that the state
expert’s opinion, based on a glass sample database, that there was a “good
probability” that the glass from defendant’s shoe came from the stolen vehi-
cle, had no reasonably valid scientific basis, and should not have been allowed
into evidence in prosecution for first-degree murder, was waived, where
defendant neither objected to the testimony nor included the issue in his
post-trial motion.

Alfred Luckas was a forensic scientist employed by the Du Page County
sheriff ’s crime laboratory. He received a sample of tempered glass fragments
from the broken window of the stolen Chevy Tahoe and a sample of tempered
glass fragments recovered from the intersection of Grand and Oak Lawn
Avenues. His analysis could not distinguish between the two samples. He
determined that there was an “association” between the samples, meaning
that they could have originated from the same source. Further, after referring
to an Illinois State Police Crime Laboratory database of glass samples, Luckas
opined that there was a “good probability of common origin” between the
glass from the Tahoe window and the glass found at the intersection of Grand
and Oak Lawn Avenues.11

Luckas also removed glass fragments from the shoes of defendant and
Soto. Based on his analysis, Luckas concluded that the glass taken from those
shoes and the glass from the Tahoe window “could have originated from the
same source.” Referring again to the Illinois State Police Crime Laboratory
database, Luckas opined that there was a “good probability of common
origin” between the glass from the Tahoe and the glass from the shoes of
defendant and Soto.
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Defendant challenges Luckas’ opinion that there was a “good probability”
that the glass fragment from defendant’s shoe came from the broken window
of the Tahoe.

Luckas explained that he analyzed four glass samples. One came from
the broken window of the Tahoe; one came from the intersection of Grand
and Oak Lawn Avenues. Luckas removed the other two samples from the
shoes of defendant and Soto. Luckas compared the glass from defendant’s
shoe with glass from the Tahoe. Because the sample from defendant’s shoe
was so small — the size of a pinhead — Luckas was unable to make a visual
comparison. Neither could he compare the two samples as to type, thickness,
or density.

The only method of comparison available was the refractive index, which
is a measure of how light passes through glass. To measure the refractive
index of a piece of glass, it is ground up and placed on a microscopic slide.
The slide is then placed inside an oven, which measures the refractive index
of the glass at three different wavelengths of light. Using these measurements,
an analyst can then compare the data from two glass samples to see if they
are consistent. This means that the analyst can determine if the two samples
either did not come from the same source, or they could have come from
the same source. Regarding the samples from defendant’s shoe and the Tahoe,
the refractive index indicated an “association.” In other words, the glass from
the shoes of defendant and Soto “could have originated” from the Tahoe.12

Luckas then explained that there existed a means “to try and get a handle
on what value to place [on] that association.” According to Luckas, the Illinois
State Police Crime Laboratory compiled a database containing 2087 glass
samples “randomly collected through criminal investigations throughout the
entire State of Illinois over approximately the past 20 years and that the glass
analyst can compare that data to see how common, for instance, a glass
sample is or how rare it was. Luckas further explained that a database finding
falls in one of three ranges: “high probability of common origin,” “good
probability of common origin,” or “common glass,” i.e., there exists only the
bare association. Referring to the database, Luckas found that the glass from
defendant’s shoe had a frequency of occurrence of 1 in 21 to 100, which was
the middle range. Based on this finding, Luckas opined that there was a “good
probability of common origin” between the glass from the Tahoe and the
glass from the shoes of defendant and Soto.13

The Illinois Supreme Court noted that, before this court, defendant
expressly does not challenge Luckas’ testimony regarding the refractive index
of the glass fragments. Also, defendant does not challenge Luckas’ testimony
regarding the “frequency of occurrence” of the refractive index of the glass
from defendant’s shoe in the database. Rather, defendant contends that Luc-
kas’ opinion, based on the database, that there was a “good probability” that
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the glass from defendant’s shoe came from the Tahoe “had no reasonably
valid scientific basis, and should not have been allowed into evidence.”14

In the present case, the court determined that expert witness Luckas
thoroughly explained the process by which he reached his ultimate opinion
that there was a “good probability” that the glass from defendant’s shoe came
from the Tahoe. Also, the court noted, defendant presented his own expert
to challenge Luckas’ opinion. Thus, the jury was fully aware of any “infirmities”
in the expert’s opinion, and it was for the jury to determine his credibility.

Defendant further contends that the prosecutor, in closing argument,
overstated Luckas’ testimony. Defendant complains of the following three
italicized statements: 

“What the glass does is it [sic] puts this defendant in the Tahoe
where the broken glass is after the window is broken, and we know
the window is broken at Grand and Oak Lawn, right, because
that’s where glass that also matches the Tahoe was found. 

* * *

So the broken glass in the street matches the Tahoe. You know the
Tahoe is at Grand and Oak Lawn, you know that’s where the
window broke. And the glass in the defendant’s shoes puts him in
the car right when the window breaks.” 

* * *

(T)he glass is one piece of evidence. One piece to consider. But it
fits in, and it describes the defendant as being in the car because
the glass from the Tahoe was in his shoes.”15

Citing the earlier case of People v. Linscott,16 which found prosecutorial
misstatement of an expert’s opinion, the court here likewise found that the
prosecutor’s earlier-quoted comments in this case overstated the evidence.
However, the court ruled, the prosecutor’s comments did not deprive defen-
dant of a fair trial. Comments in closing argument must be considered in
context of the entire closing argument of both the state and the defendant.
The challenged remarks were only three brief statements contained in two
paragraphs of the state’s entire closing argument, which, transcribed, con-
sisted of 32 record pages. Also, the court noted that the trial court instructed
the jury to disregard statements made in closing argument not based on the
evidence.
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The 2004 Tennessee case of State v. Graham17 provides an instructive look
at the language used by forensic experts in explaining and expressing their
opinions to a jury. Here, defendant was convicted of aggravated burglary, a
Class C felony, and theft of property under $500, a Class A misdemeanor.
On Monday, September 3, 2001, Sandra Stahr, the victim, returned home
from a camping trip with her family to find her back door kicked in and two
items missing: $250 in cash from her son’s wallet and a caller ID box from
her bedroom, and called the police. The defendant was dating the victim’s
cousin, Terri Bull, at the time, and on the previous Thursday had visited Bull
as she babysat the victim’s children in the home. When the police arrived,
they found that several panels of glass around the handle in a French door
at the back of the residence had been broken out and determined that the
lock had been turned from the inside. Deputy Crim testified there was broken
glass around the door, as well as in some large, dirty footprints leading toward
the living room.18

After learning about the shattered glass on the floor mat of Bull’s car,
Detective Hailey sent the floor mat and samples of the glass from the victim’s
residence to the Tennessee Bureau of Investigation (TBI) Crime Laboratory
in Nashville for analysis, as well as a pair of size 7 and 1/2 work boots he
collected from the defendant on the fourth day following the burglary. The
boots were the only shoes he collected from the defendant and appeared to
have been cleaned. Special Agent Randall Nelson of the TBI Crime Laboratory
in Nashville, who was accepted as an expert in the field of microanalysis,
testified that the Rutherford County Sheriff ’s Department submitted the
following items for analysis, a sample of glass from the victim’s floor, a floor
mat from which Agent Nelson recovered several large fragments of glass, and
a pair of work boots.

Agent Nelson testified he compared the glass from the victim’s
floor to the glass he recovered from the floor mat in terms of their
respective method of manufacture, thickness, color, density, and
refractive index. Because none of the tests he performed showed
any inconsistencies between the samples, he concluded that the
glass samples from the floor mat “were consistent with the samples
that were taken from the victim’s residence.” He added, however,
that the glass samples from the floor mat “could also be consistent
with another source of glass with exactly those same optical and
physical properties.” Thus, he said, “there is that possibility that
there is another source of glass out there with those identical
properties.” He did not find any glass on the pair of work boots
submitted for analysis.19
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The court noted that while Agent Nelson’s opinion alone might be insuf-
ficient to support a conviction, the totality of the circumstantial evidence
supported this conviction:

Shattered glass found at the crime scene was consistent with pieces
of shattered glass that Bull found on the floor mat of her auto-
mobile after she returned from a weekend trip, and when she had
left her only spare set of keys with the defendant. There were no
signs of forced entry into the vehicle. The vehicle had been parked
crooked in the parking space and the steering wheel had been
tilted down, both of which were things the defendant had done
in the past. Bull knew the defendant to be a beer drinker. A
Michelob Light beer bottle was lying on the ground beside the
vehicle’s driver’s door when she inspected the vehicle on Monday
afternoon, and a matching bottle cap was on the floorboard be-
hind the driver’s seat. Finally, the “born on” date and lot number
of the bottle found beside Bull’s vehicle indicated it had come off
the same assembly line as the bottles in the victim’s refrigerator,
during the same fifteen-minute interval of production. None of
these facts, alone, would be sufficient to establish the defendant’s
guilt of the offenses. Taken together, however, they were sufficient
for a rational jury to find him guilty of aggravated burglary and
theft under $500 beyond a reasonable doubt.20

The court concluded that the evidence was sufficient to support the
defendant’s convictions. 

Many case reports address the forensic examination of glass, in one or
more of the aspects just described. The transfer of glass fragments from the
crime scene with something, typically items of clothing, is most prevalent.

In People v. Dailey,21 the defendant was convicted of burglary. The Appel-
late Court held that evidence of tests on bits of glass found on defendant’s
sweatshirt, which were performed to establish defendant’s presence at the
scene of the crime, was properly admitted.

When the victims of the burglary were returning from a family outing,
they noticed a car parked in front of their house, which was stipulated to be
defendant’s car. They opened the overhead garage doors, and as the wife
walked into the garage, which was attached to the house, she noticed that
the rear door of the garage was open. She closed and locked it, a wooden
door with eight panes of glass in the middle. The 9-year-old son entered the
house first and made some noise. There was a 75-watt bulb lit inside the
house in the area of the door. The chain lock on the door had been broken.22 
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As the wife entered the house, she saw a man with a hooded blue sweat-
shirt coming down the hall towards her. The man ran toward the rear door
of the garage, found it locked, and proceeded to break the 4 center sections
of glass, pulled the wooden frame out, and escaped. He was held by the
husband when he returned to get his car and was arrested.

Three different samples of glass were tested. The first was made of sam-
ples of glass that had fallen on the floor in the garage, and these tests showed
that the glass from the garage door was different from the glass found on the
defendant’s sweat shirt. On the day before the trial, the victim brought some
more glass from the garage door to the state’s attorney, and the second test
resulted in testimony that there was a high probability that the sample from
the glass on the sweatshirt and the sample brought in at that time were part
and parcel of the same piece of glass. Four different panes were brought in
for the second test — two were from panes broken by the burglar and two
were not. They were unmarked.

Defendant presented the results of the third test, which allegedly deter-
mined that the glass fragments from the sweatshirt could not have originated
from the immediate area of the glass taken from the defendant’s storm door.
The defendant argued that such tests were inconsistent and therefore threw
grave doubt on the validity of the tests performed by the state’s expert witness.
The court rejected that argument, holding:

However, these conclusions are truly not inconsistent, because as
the trial judge noted there might have been glass on the defendant’s
sweatshirt from both the defendant’s broken storm door and from
the victim’s garage door. The expert’s testimony was that two
samples of the glass had the same refractive indices and densities
as did the matching samples and came from the same source.23

The defendant sought to keep this testimony out on the basis that it was
irrelevant and that the tests came too late in the trial and thus were unfair
to the defendant. The defendant had relied on the first test indicating no
connection between the broken glass and the glass on the defendant’s sweat-
shirt. The defense contended that this all came as a surprise and that the
results of the new tests were inadmissible.

The court ruled that in the absence of a showing in the record that the
defendant either requested or was refused additional time in which to prepare
his case, a reviewing court would not remand for a new trial on the grounds
that the defendant did not have an adequate opportunity to prepare his
defense. In the case at bar, the defendant did not accept the continuance
offered by the court.
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In People v. Pruitt,24 defendant was convicted in Circuit Court, Win-
nebago County, of armed robbery. The issue of matching of glass fragments
resulting from an automobile accident was involved here as in the Ceja case
discussed earlier. The defendant allegedly robbed a Minit-Mart Grocery store
in New Milford, Illinois. Two men armed with revolvers, and wearing gloves
and disguised with false black beards, entered the grocery store and
demanded money from the owner, who placed approximately $500 in a bag.
The two men left with the money in a light-colored 1960 four-door Oldsmo-
bile. Deputy Gene Burgess received a radio alert and spotted a car that fit the
description of the car used in the robbery. Burgess pursued the Oldsmobile,
when the driver ignored his police light, in his own car until the Oldsmobile
collided with another car. Three men emerged from the Oldsmobile and
attempted to escape on foot. Officer Burgess apprehended one of the men,
Raymond Fuller, and other officers arrested the other two men, one of whom
was the defendant here.

Detectives looked inside the 1960 Oldsmobile and observed a .38-caliber
revolver with brown handles, and the bottom part of a beard or wig. Two
guns were found nearby. A search of the car revealed the bag contained
$354.90 in cash and $44.05 in checks identified by the proprietor as checks
received by him in the store, a goatee-type beard and moustache, a false
moustache, a pair of glasses with a rubber nose, three wigs, and a .38-caliber
revolver.25 The police combed out glass and paint particles from the defen-
dant’s hair using the defendant’s comb. 

Laboratory analysis of these things disclosed that the glass particles taken
from the defendant’s hair and clothing matched both the safety glass of the
Oldsmobile and the glass particles taken from Fuller’s hair. The paint particles
taken from the defendant’s person and clothing matched the paint from the
car struck by the Oldsmobile. Also, fibers taken from the defendant’s clothing
matched the fibers of the false beard and moustache found in the Oldsmo-
bile.26 The court held that the various beards and disguises were properly
admitted into evidence as they were connected to the defendant and the
crime:

The grocery store owner testified that the robbers wore beards.
These beards were later found in the Oldsmobile which was iden-
tified by him as the getaway car. The defendant was linked to the
getaway car by the automobile safety glass particles found in his
hair.27

Additionally, the court observed, fibers found in the defendant’s jacket
pockets matched those in the beard found in the Oldsmobile.
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In People v. Colombo,28 a notorious Illinois murder case, defendants Patri-
cia Colombo and her boyfriend Frank DeLucca were convicted in the Circuit
Court, Cook County, of three counts of murder, conspiracy, and solicitation
to murder. After several unsuccessful efforts to engage hired killers to murder
Patricia’s family, the two committed the murders themselves. Investigators
discovered the bodies of Frank, Mary, and Michael Columbo. Frank
Columbo, defendant Columbo’s father, was found lying on his back in the
living room, surrounded by broken glass with a torn and bloody lampshade
nearby, and also had a two-inch slash across his throat. Mary Columbo,
defendant Columbo’s mother, was found lying on her back on the landing
in front of the bathroom with a bullet wound on the ridge of her nose, right
between her eyes, and a one-inch slash across her throat. Portions of a
bloodied magazine and fake fern were lying next to her body, with broken
glass and beads lying near her head. Michael Columbo, defendant Columbo’s
13-year-old brother, was found lying on his back on his bedroom floor, and
had what appeared to be a bullet wound on the left side and a second bullet
wound on the back. In addition, there were 98 puncture wounds on Michael’s
neck and chest. A pair of bloodied scissors with crossed blades was found on
Michael’s desk and a marble-based bowling trophy, covered with blood, was
lying next to Michael’s body. In addition to the testimony regarding glass
fragments, the jury heard evidence of blood typing and ballistics.29 

Blair Schultz, a criminalist employed by the Illinois Bureau of Identifi-
cation in the trace section, trained in glass analysis, testified as to her findings
regarding twenty-eight exhibits she received from the crime scene, from a
1968 Buick that the defendants had rented around the time of the murders,
and from Frank Columbo’s 1972 Thunderbird and 1972 Oldsmobile. Fifteen
of the twenty-eight items had glass in them. Schultz stated that there were
three ways to analyze glass fragments: fit the pieces together; analyze the
chemical properties and densities; or analyze the refractive index of the
fragments.

By using the refraction method, Schultz concluded that two of the frag-
ments, one from the broken lamp base found on Columbo’s living-room
floor and one found in the 1968 Buick, had the same degree of tolerance and,
thus, could have originated from the same source. Schultz buttressed her opin-
ion by noting that only five times in one thousand previous glass tolerance
tests has glass with the identical degree of tolerance not been from the same
source. On cross-examination, however, Schultz agreed that the matched
glass fragment recovered from the Buick could have come from any of thou-
sands of pieces of glass with the same optical properties as the lamp base.30

In People v. White,31 the State filed a petition to revoke defendant’s pro-
bation because he committed an aggravated battery by inflicting a cut with
a broken bottle. After closing arguments, the trial court examined the cut on
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victim Jackson’s arm and discussed the discrepancies between the witnesses’
testimonies, concluding that the wound had been caused by either a knife or
a piece of broken bottle:

…Now the court can take into account its own observations and
experiences of life. Most broken bottles (are) round — if there is
a flat part, it’s on the bottom and normally when a bottle breaks
it doesn’t break in a perfectly straight line. Glass tends to break in
a jagged fashion. The court notes the position of the wound. The
wound is not on the palms. It’s not on the heel of the palms. It’s
down two and a half to three inches down the wrist. One would
think that if a man fell the likely thing to do would be to put your
palms out and break the fall. That’s not where the cut is. The cut
is at a place further down the wrist. The nature of the cut — it’s
a straight cut. I described it earlier as about an inch and a half to
about an inch to three quarters in length, not the type that one
would think would be made with a round bottle. It doesn’t add up.
If it was made by a piece on the bottom I might expect a straighter
cut but I would expect it to be more jagged. This is a fairly straight
cut.32

The defendant argued that he was denied due process of law when the
trial judge based his decision in part on the differences between glass and
knife cuts, because this information was not in evidence. The appellate court
agreed with the defendant, ruling that the ability to examine a cut and
determine the instrument that made it was beyond the province of common
knowledge. Accordingly, the trial judge erred in considering facts not in
evidence in entering his judgment. Additionally, the court concluded, the
trial judge spent a significant part of his analysis of the evidence on the distinc-
tion between glass and knife cuts. Given that fact and the overall weight of the
evidence, they found the error to be grounds for a reversal.

Two different types of glass found on defendant’s gloves were the key to
a murder conviction, in the 1996 case of Land v. State.33 Michael Jeffrey Land
was convicted of the capital murder of Candace Brown, and sentenced to
death.

The landlord observed that a window located near the rear entry to the
house had been broken into, that the telephone wires to the house had been
cut, and that the window on the driver’s side of Brown’s car had been shat-
tered. When officers from the Birmingham Police Department arrived at
Brown’s residence, they established that all doors to the house were locked,
that a storm window located near a rear entry to the house had been removed,
and that several panes of the interior window behind that storm window had
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been cut and removed. One of the removed panes of glass, which was lying
on the ground, contained a shoe imprint with a distinctive tread design
bearing the lettering “USA.” Brown’s body was discovered by hikers in a rock
quarry on Ruffner Mountain in Jefferson County. She had been shot once
in the back of her head. The officers also found on a bulletin board a note
with the name and telephone numbers of Michael Jeffrey Land and his
mother, Gail M. Land. Police informed Land that they were investigating the
disappearance of Brown, and he agreed to accompany them to the police
station to answer some questions. 

During the interrogation, Detective Fowler noticed that the tread design
on the bottom of Land’s tennis shoes appeared to match the print the officers
had seen on the window glass at Brown’s house. At the completion of Land’s
interview, Detective Fowler asked to see Land’s shoes and, upon closer obser-
vation, noticed what appeared to be bloodstains. Land, in a second statement
made after his first alibi based story was disproved, stated that he had told
two men that the deceased was a good robbery target, and agreed to cut and
remove a window for them from her house. Land said that after Brown was
injured he became frightened and left the house and that he did not know
what happened to her after that. 

At trial, the state’s expert testimony established that a pair of wire cutters
found during the search of Land’s car had made the cuts on the telephone
wire leading into Brown’s residence. The experts also testified that the two
types of glass fragments found on a pair of gloves seized from Land’s car
were consistent with the glass in the shattered window of Brown’s car and
with the glass in the broken window near the rear entry of Brown’s house,
and that Land’s tennis shoe sole had the same distinctive design as the shoe
print found on a removed pane of glass at Brown’s house.34

In People v. Noascono,35 defendant was convicted of burglary, theft of
property valued at less than $150, and possession of a controlled substance.
Campbell’s Drug Store in Marion, Illinois was burglarized on March 26, 1977,
at approximately 3:30 a.m. Upon arrival, a police officer responding to an
alarm found the front and rear glass doors broken, the cash drawer open,
the change bin on the floor, and three pill containers on the counter near the
rear door. Police collected samples of broken glass from the floor near the
doors and separately packaged them. Leaving Detective Kobler and another
officer at the scene, Officer Sprague returned to duty.

Police stopped defendant’s car for an alleged brake light malfunction and
noticed that he fit the description received earlier of the person running from
the area of the drug store.

The state’s forensic expert witness Smith, who worked in the mineralogy
unit of the FBI laboratory in Washington, D.C., testified that he was trained
in the examination of glass, soil, safe insulation, and other materials. He had
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received the defendant’s clothing and picked out what appeared to be bits of
glass, whereupon he examined them under a microscope and determined
from their appearance that they were glass. Smith then performed light
refraction and dispersion tests on the particles from defendant’s shoes, socks,
and clothing, and on samples from Campbell’s Drug Store. He testified that
the dispersion and refraction measurements of particles on the defendant’s
clothing matched exactly the dispersion and refraction measurements of the
samples from Campbell’s. Smith opined that the particles on defendant’s
clothing very probably came from the same source as the samples from
Campbell’s, but he could not say positively that they came from the same
source. Smith testified that no chemical tests were performed to determine
if the particles on defendant’s clothing were glass or to determine the com-
position of these particles.36

In many cases, the simple breaking of glass, its location, or the presence
of blood or fingerprints on a fragment, is the circumstantial key to identifying
the dynamics of the crime scene, if not the actual perpetrator. In Jensen v.
State,37 a case where the glass evidence was central to the prosecution’s theory,
there was no chemical or microscopic testimony required. Here, the defen-
dant was convicted of first-degree murder and the use of a handgun in
commission of crime of violence. Theodore Daniels was murdered in his
office in Woodlawn, Maryland. Dagmar E. Jensen, with whom Daniels had
a business and romantic relationship, was arrested for the killing. The state
hypothesized that the victim and defendant were at odds over his fidelity and
his refusal tell her where he lived. The state argued that she broke into his
office building, went to his office, and shot him.

Police officers came to the scene and attempted to gain entrance to the
building via the second-floor back door and noticed that the pane of glass in
the bottom window opening of the interior door had been broken. There were
shards of glass lying on the floor both inside and outside the door and
more glass on the exterior side of the door. There was also blood smeared on
the interior and exterior of the door and on the broken glass. The blood
smears suggested that someone had been cut by the broken glass. The
blood smears were heavier on the exterior portion of the door and it seemed
to the police, based on where the glass landed, that the glass was broken from
the inside of the building while the storm door was closed.38

The broken window contained three to four inches of glass on the bottom
left-hand side of the window frame. One of the responding officers described
it as follows: “I observed that there was in the bottom left-hand corner a
triangle shape of glass that still existed. The remainder had been cleanly
knocked out and there were no glass splinters. The victim’s body was found
lying near his desk, with bloodstained clothing, a pair of bent eyeglasses,
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containing a shattered lens, lying immediately to Daniels’s right, and a tennis
ball, with signs of considerable damage, was further to the right of the
eyeglasses The tennis ball, the police surmised, had been used as a “silencer”
to muffle the sound of a gun as it was fired.

The court noted that this was a case with multiple strands of circum-
stantial evidence, including broken glass, all of which tied appellant to the
murder:

The state’s evidence, if believed, showed that it is likely that the
following transpired: (1) Sometime between 7:30 p.m. and 9:00 p.m.
on the night of his death, Daniels let a visitor into his building,
and then locked the front door; (2) Daniels next unlocked his
office door and escorted the visitor into his office, where the visitor
turned up the volume of the television to block out the noise;
(3) the visitor shot Daniels and next proceeded to the rear door
but could not unlock it because Daniels had the key to the dead-
bolt lock; (4) the murderer kicked (or otherwise broke out) the
window pane in the rear door; (5) as the glass was broken, most
of the glass shards fell next to the closed storm door; (6) the
murderer then crawled through the opening provided by the open
window and, in doing so, was cut by glass shards still in the pane.
The glass in the bottom window pane of the back door of Daniels’s
office building was intact at 7:30 p.m. at which time Daniels was
still alive. Approximately an hour and a half later, the window was
broken … it is reasonable to conclude that the person who broke
the rear window pane was the person who killed Daniels. It is also
reasonable to conclude that the person who broke the window did
not possess a key to the building. Appellant’s fingerprints were
found on the interior side of the window panes to the rear entrance
to the building. Her blood was found smeared on both sides of
the rear wooden door. The glass in the rear door was mostly found
on the exterior side of the dead-bolted door. From this it can be
inferred that a person without a key broke out the pane to get out
of the building. Going through an 11-inch high, 22-inch-wide
window, thirty-eight inches off the ground at its lowest point,
would take agility. Appellant was agile as demonstrated by the fact
that she bragged that she could move her handcuffed hands from
behind her back to her front. Even an agile person would likely
be cut going through such a small opening. Appellant, by her own
admission, was cut by the broken glass in the pane.39
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In addition to this circumstantial evidence, the court noted that the jury
had to weigh defendant’s belated explanation for her fingerprints and blood
being at the back door to Daniels’s office, i.e., that she went to look for Daniels
at his office even though she did not have a definite appointment with him
and cut her hand on the already broken glass after receiving no response
from Daniels.

The court determined that a rational jury might conclude that it was
unlikely that she was cut reaching in to try to unlock the door because she
admitted that the hall lights on the second floor were on; if there were glass
shards there, it seems likely that she should have seen the glass and avoided
injury if she had merely reached through the open window. Moreover, a
rational jury could conclude that if she cut herself as she says she did, it
would be unlikely that blood would be found afterwards smeared on both
sides of the wooden door and on the glass pane.40

In State v. Monroe,41 defendant was convicted of aggravated first-degree
murder. On December 28, 1994, Michelle Smith arrived at work late, her face
noticeably bruised and swollen. When asked what had happened, she became
emotional and stated that the defendant Lloyd Monroe had hit and sexually
assaulted her. Defendant was arrested after a supervisor at Smith’s place of
employment called police. Defendant was mistakenly released, and proceeded
to stalk and murder Smith at her apartment. When Smith did not come to
work on Monday, her supervisor called the police. The police found Smith’s
body in her apartment face down on a couch, clothed, and partially covered
by a blanket. The cause of death was ligature strangulation. She had also
suffered blunt trauma to her head prior to death.42

At trial, Helen Rae Griffin, a forensic scientist with the state patrol’s crime
lab, testified that four glass fragments taken from defendant’s jacket matched
the glass in Smith’s bedroom window. She also testified that her examination
determined that the window had been broken from the outside.

In response to defendant’s challenge to her qualifications, Griffin testified
that she had worked for six years as a forensic scientist at the state patrol
crime lab; had worked previously for five and a half years in a similar capacity
with the Royal Canadian Mounted Police; had received the standard training
in glass examination from the state patrol, including training on the deter-
mination of the direction of force; and had been certified to perform case-
work in the field for approximately five and a half years. Although she had
not received specific proficiency testing in directionality, she testified that the
directionality analysis was straightforward.

(I)t’s the kind of examination where I couldn’t explain why you’re
doing it to a lay person but I could show them how to do it within
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an hour and have them fairly reliably be able to tell me which
projectile was fired first and from which side of the glass.43

The court concluded that Griffin’s on-the-job training and practical
experience in this type of analysis was sufficient to qualify her as an expert.
Thus the trial court did not err in admitting her testimony.

IV. Paint Analysis

A common instance of the utilization of forensic paint analysis is determining
central facts in hit-and-run and vehicular homicide cases with respect to
accident dynamics or simple identity of participating vehicles. It is also seen
in burglary cases where paint residues are found on burglary tools or other
devices used to gain entry to a residence or business establishment. The
matching of automobile paints has risen to a highly sophisticated level across
the world, again, due to the keen proprietary interest automobile and paint
manufacturers have in the smallest differences among their commercial out-
put from the competition.

However, forensic paint analyses involve different ultimate considerations.
As noted in the FBI Forensic Paint Analysis and Comparison Guidelines:

Forensic paint analyses and comparisons are typically distin-
guished by sample size that precludes the application of many
standard industrial paint analysis procedures or protocols.44

The forensic paint examiner must be concerned with a number of non-
commercial factors, such as case investigation requirements, crime scene
collection and chain of evidence considerations, environmental factors, and
a host of other factors that need be of concern toward the goal of supportable
forensic evidence at trial.

These factors require that the forensic paint examiner must choose
test methods, sample preparation schemes, test sequence, and
degree of sample alteration and consumption suitable to each
specific case.45

Forensic paint analysis encompasses considerable knowledge
about automobile paint coating systems, as well as standard, repair
and custom paint colors. Complex chemical analyses, such as
pyrolysis gas chromatography, and a many other chemistry-related
subjects’ need to be understood. Color comparison is still central
to forensic paint analyses. As noted by Saferstein:
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…the criminalist need not be confined to comparisons alone.
Crime laboratories can often provide valuable assistance in iden-
tifying the color, make, and model of an automobile by examining
small quantities of paint recovered at an accident scene.46

The microscope remains a basic tool of the forensic paint analyst as with
all other forensic scientists in all disciplines:

When one considers the thousands upon thousands of paint colors
and shades that are known to exist, it is quite understandable why
color, more than any other property, imparts paint with its most
distinctive forensic characteristics. Questioned and known speci-
mens are best compared side by side under a stereoscopic micro-
scope for color, surface texture, and color layer sequence.47

The FBI-sponsored Forensic Paint Analysis and Comparison Guidelines
available online are essential reading for any lawyer faced with a forensic
paint issue. The Guidelines include discussion of terminology used in the
field; practice summaries; collection, transport, and storage procedures; and
detailed descriptions of physical match examinations. The chapter, Paint
and Glass Evidence, in the Proceedings of the 12th Interpol Forensic Science
Symposium, prepared by Ran Singh, Ph.D., should also be consulted for its
discussion of techniques, such as infrared spectroscopy, chromatography, and
UV/Vis spectroscopy, x-ray fluorescence and x-ray diffraction, and other
techniques currently employed in forensic laboratories across the world. This
valuable article also contains discussion of selected paint databases, books,
and articles.48

The 14th Interpol Forensic Science Symposium Literature Review (2004),
discussed in earlier chapters, has a very extensive review section on Paint and
Glass.49 The 2004 report covers significant advances in scientific methods
applied to the forensic examination of paint and glass reported since the 13th
Interpol Forensic Science Symposium in October 2001. A select body of
sources was consulted for review:

Various resources were checked and relevant findings were im-
ported into our literature database. After the three-year period,
the most frequently cited periodicals in our collection are: Farbe &
Lack, Journal of Analytical Chemistry, Journal of Analytical Atom-
ic Spectrometry, Paint and Coatings Industry, JOT-Journal für
Oberflächentechnik, Kunststoffe, Progress in Organic Coatings,
Journal of Forensic Sciences, Nachrichten aus der Chemie, Spec-
troscopy Europe, GIT-Labor-Fachzeitschrift, Fresenius Journal of
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Analytical Chemistry, Analytical and Bioanalytical Chemistry,
Science & Justice, Problems of Forensic Sciences, LABO, Forensic
Science International, The Analyst, Journal of Raman Spectroscopy,
Glass Science Technology and Glass and Ceramics.50

The report authors estimate that more than a thousand literature entries
were made in their paint and glass database during the period from January
2001 to March 2004. The report addresses the important distinguishing
aspects of the raw materials present in any paint sample, which may aid in
a preliminary match estimate for crime scene samples: 

Additives, binders, extenders, and pigments are subjected to the
continuous market change. Some interesting raw materials are
presented in relevant trade journals dedicated to manufacturers
of diverse paint products, such as the Paint and Coatings Industry
or the European Coatings Journal.

Recommendable is the 2003 additives guide presented by the Paint
Coatings Industry in glossary form presenting from A to Z the
various additives in use in the paint and coatings industry.51

Recent pigment development discussions were found in the literature,
such as the use of colored alumina flakes, mica-based pigments, and in general
the chemistry and physics of special-effect pigments and colorants. Coating
types, new color trends, plastics and polymers, art, and over 50 painting
analysis and archaeological studies (ancient pigments, resins or binder types)
are discussed.52

The report examines literature addressing general paint analysis and
instrumental techniques such as: Color measurement and microspectroscopy
(MSP), scanning electron microscope (SEM), atomic force microscope
(AFM), and confocal microscopes (CM), cathodoluminescence (microscopy
and spectroscopy for the analysis of minerals and materials), chromatography,
PY-GC-MS (pyrolysis techniques for the characterization and discrimination
of paint), spectroscopic methods infrared spectroscopy, Raman spectroscopy,
x-ray spectroscopy, x-ray diffraction, and LA-ICP-MS (trace elemental anal-
ysis of automotive paints by laser ablation — inductively coupled plasma —
mass spectrometry [LA-ICP-MS]).53 The report also discusses the literature
with respect to specific issues in paint investigation, new paint-related chem-
ical databases, and new books published between 2001 and 2004.

In the area of forensic glass analysis, the report provides a review of recent
articles addressing microscopic investigations, elemental analysis, SEM (the
use of environmental scanning electron microscopes [ESEM] in forensic
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science), XRF (the classification and discrimination of glass fragments using
nondestructive energy dispersive x-ray µ-fluorescence), interpretation/ICP-
AES (the use of inductively coupled plasma-atomic emission spectrometry
[ICP-AES] for glass investigations), ICP-MS/case (the assessment of the
discriminating power of ICP-MS via the analysis of variance and pairwise
comparisons), and LA-ICP-MS (comparing the discrimination potential of
LA-ICP-MS methods with reported ICP-MS methods).

The report addresses the general literature on the forensic interpretation
of glass evidence with respect to the significance of physical matches of
fractured glass and the different kinds of fractures in flat glass, container
glass, and automobile glass. It notes the literature referencing glass fractures
caused by firearms and fires. Articles addressing the retention and persistence
of glass fragments on clothing are also described.54 A comprehensive list of
Web sites relevant to the subjects of paint and glass is provided.55

Few criminal cases center in paint comparisons, when compared to the
other forensic sciences discussed in this book. Nonetheless, the same com-
ponents of class characteristic statements and individual linkage statements
are the central features of this important forensic science discipline. The
inferences put into the case by paint analysis-based testimony may be, as with
all the forensic sciences, the weight tipping the jury’s decision to one side or
the other.

For example, in People v. Mitchell,56 defendant was convicted of two
counts of burglary. The court found it was proper to have admitted into
evidence defendant’s plastic Social Services card, which was bent and had
streaks of paint on it, because the card was not introduced to show defen-
dant’s propensity to commit crimes, but rather was logically linked to one
issue in the case — defendant’s entry, without a key, into the complainants’
hotel room. There was no paint-matching testimony of the paint on the card
and that on the hotel room door.57

In State v. Kandies,58 defendant was charged with murder. Sergeant Wil-
son’s discovery of paint rather than blood in defendant’s truck cab contradicted
defendant’s statement that he accidentally hit the victim Natalie with his
truck and that she was bleeding when he put her in the truck. Sergeant Wilson
testified that he examined the inside of defendant’s truck and found some
red dots in the cab to be red oxide primer (rather than blood). Sergeant
Wilson testified that the spots in defendant’s truck looked peculiar, so he
sanded a spot with a knife and discovered it to be red oxide primer. He also
testified that he held a part-time job doing car repair and body shop work.
The court ruled that, based on his experience, it was likely that Sergeant
Wilson could perceive the difference between blood and red oxide primer.59

The classic hit-and-run scenario was recently addressed in the important
Illinois Supreme Court case of People v. Digirolamo,60 where the defendant was
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convicted of failing to report accident resulting in person’s death and of
obstructing justice.61 The detailed investigative, accident reconstruction, and
forensic analyses merit extended examination for lawyers involved in such
cases.

The victim, 72-year-old retiree William Pranaitis, arose in the early
morning hours while it was still dark outside to take his routine morning
walk. A local police officer discovered Pranaitis’ dead body lying next to a
telephone pole near the intersection of Blackjack Road and Lebanon Road
at 6:36 a.m. that day. Detective Michael Ries of the Collinsville Police Depart-
ment investigated the scene of the accident and found a flashlight lying in
the center of Lebanon Road, near its intersection with Blackjack Road, a
baseball hat, and eyeglasses three to four feet onto the grass. He also observed
a bag containing cans, which the victim routinely collected on his walks, and
a single set of tire tracks that entered the grassy area alongside Lebanon Road
and then traveled approximately 50 to 60 feet before reentering Lebanon
Road. Ries conjectured that these tracks, which were narrow in width, were
made by two right-side tires of a small car or possibly a small truck.62

Officer David Schneider, an accident reconstruction specialist from the
Collinsville Police Department, testified that he observed a “scrub” mark on
the curb, made by the smear of rubber from a tire, and a 48-foot-long tire
mark in the grass alongside Lebanon Road. Later, Schneider examined defen-
dant’s car and found scuff marks and a small dent to the edge of the rim of
the right front tire, which he testified were consistent with the “scrub” mark
found on the curb at the accident scene. He also observed the following
damage to defendant’s car: dirt in the right front wheel rim; a “broken out”
windshield; dents on the right front quarter panel and in the right side pillar
(the support from the hood to the roof); and a small, depression-type dent
on the right side of the roof above the pillar.63 Schneider concluded that a
vehicle traveling east on Lebanon Road left the road at the point of the “scrub”
mark and that the right front corner of the vehicle struck the victim from
behind. The impact flipped the victim onto the hood, with his head striking
the pillar on the right side, and then propelling him into the air to a resting
point at the base of the telephone pole. Officer Schneider’s opined that
defendant’s car could have been the one that struck Pranaitis because it dis-
played damage on the right side of the vehicle, which was consistent with the
accident that killed the victim.64

The state experts testified as to the physical evidence. A forensic pathol-
ogist testified that the victim had extensive injuries, including large lacera-
tions on the scalp and the back of his right leg in the knee area and a fracture
to the left leg, which were consistent with his being struck by a motor vehicle
while he was upright and moving. It was also determined that the victim’s
head injuries were consistent with his striking the dented right window-post
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area of defendant’s car, although it was conceded on cross-examination that
the window-post damage could have been caused by removal of the wind-
shield from the car. While admitting that she could not say that defendant’s
car caused the victim’s injuries, she nonetheless concluded that the car’s
damage was consistent with the victim’s injuries.65

Blair Schultz, an Illinois State Police forensic chemist, compared a piece
of standard laminated glass from defendant’s windshield to a piece of glass
from the victim’s clothing and testified that the pieces had the same refractive
index, which means that the two pieces of glass could have originated from
the same source. Schultz testified that the likelihood of this match was one
in five, meaning that one out of every five pieces of laminated glass would
have the same refractive index.66 However, Trace Chemist Cheryl Cherry
testified that although she found several different colors of paint on the
victim’s clothing, the paint chips were not large enough to determine if it
was automotive paint. There was also no match between the paint from
defendant’s car and the samples taken from the victim’s clothing. She
explained that when a person is thrown to the ground paint and debris will
be picked up in his clothing. This result also occurs when a person is walking
around.67

The court determined that the evidence was more than adequate to
uphold defendant’s conviction:

Here, the circumstantial evidence against defendant showed that
there was damage to the front passenger side of defendant’s car
that was consistent with William Pranaitis’ injuries. There was also
glass from defendant’s car that was linked to the glass found on
the victim’s clothing. In addition, defendant admitted to being in
an accident in an area near the scene of the accident killing the
victim in this case. Following the accident, defendant appeared
nervous and ultimately sought to replace the damaged windshield
of his car. There was also evidence that defendant removed whit-
ish-gray hair strands from his car’s windshield. This circumstantial
evidence, when viewed in the light most favorable to the prose-
cution, was sufficient for a rational trier of fact to conclude beyond
a reasonable doubt that defendant’s car struck and killed Pranaitis.68

Paint analyses are not restricted to automobile or injury settings, as may
be exemplified by the case of Commonwealth v. McEnany,69 where defendant
was convicted of second-degree murder, burglary, and robbery. Eighty-two-
year-old Kathryn Bishop was found dead on the floor of her residence.
Testimony of a forensic pathologist established that Bishop had been stomped
to death. Paint chips were discovered on the victim’s hands, and black tee-shirt
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fibers were found on her face, neck, and clothing. The victim’s kitchen door
window had been smashed, her basement window had been opened, and
scuff marks were found on her clothes dryer, which was located just below
the basement window.

As the investigation continued, Trooper Stansfield obtained search war-
rants for appellant’s van and residence and officers got possession of the
clothes worn by appellant on the day of the murder. Expert examination of
the clothing revealed paint chips in the pocket of his jacket, which a forensic
paint analyst testified at trial were consistent with chips found on Bishop’s
hands. The chips found in defendant’s jacket and on the victim’s hands were
also found to be consistent with the peeling paint around the broken basement
window. Chemist Lee Ann Grayson testified that fibers found on Bishop’s body
matched those of the tee-shirt appellant wore on the day of the murder.70

The court found that the evidence was sufficient to place defendant and
fellow chimney sweep at customer’s residence at time of homicide and, therefore,
supported convictions for second-degree murder of their elderly customer.

V. Soil Analysis

The 14th Interpol Forensic Science Symposium literature has a comprehen-
sive Forensic Geology Review as part of the Review Papers report.71 The
authors emphasize that the most important development, in general terms,
on the subject of forensic geology, was the meeting — Forensic Geoscience:
Principles, Techniques, and Applications — held on March 3–4, 2003, at
Burlington House of the Geological Society, in London:

It was probably the first international meeting focused on only
forensic geoscience to share knowledge and experiences. The two-
day meeting was filled with a variety of topics, for example, basic
techniques, researches, and applications to case works. Delegates
were not only from forensic laboratories but also from academic
fields and private companies. The study areas included broad
fields: such as geology, microscopy, archaeology, botany, geogra-
phy, and others.72

The report authors noted that soil transfer is often recognized on many
substances in many cases, and the recovered soil evidence is examined and
compared to control samples. Particle size and color are primary comparison
factors. Many references are made to studies that utilize statistics, color
analysis, particle size analysis, stable isotope ratios, and bulk chemistry. While
significant improvement of traditional methods was rather scarce in the
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2001–2004 review period, new analytical techniques were addressed in the
literature. Standardless synchrotron radiation x-ray fluorescence (SR-XRF),
the potential of stable isotopes in forensic soil analysis, metal extraction from
soil, and road sediments using different strength reagents, were some of the
techniques noted. Regardless of these recent suggestive techniques, the report
concluded that microscopy was still the most important technique for foren-
sic geological examination.

The report also included brief discussions of the literature addressing
trace evidence originating in biological substances and organic matters. Com-
parisons of vegetation and pollen analysis73 were noted as important subjects
of ongoing study.74

Forensic examination of soil samples is common in many criminal cases,
especially in instances of kidnapping by vehicle and disposing of bodies in
rural or semirural areas or a wide variety of burial sites. Geological surveys,
archeology, environmental concerns, oil and gas exploration, and the world-
wide commercial interest in building materials originating in whole or part
from mineral substances have generated much information that is available
to those engaged in forensic soil analyses. 

The definition of soil for forensic science purposes is necessarily broad.
As observed by Saferstein:

…for forensic purposes, soil may be thought of as including any
disintegrated surface material, both natural and artificial that lies
on or near the Earth’s surface.75

Such a necessarily broad net would encompass naturally occurring rocks,
all manner of minerals, vegetation,76 and animal matter.77 The subject also
comprises the recognition and analysis of a large number of commercial
products, such as glass, paint chips, asphalt, brick fragments, cinders, ceram-
ics, and other building materials that act as indicators of where all or part of
a crime occurred.

Soil examinations can be relatively straightforward and conclusive:

Most soils can be differentiated and distinguished by their gross
appearance. A side-by-side visual comparison of the color and
texture of soil specimens is easy to perform and provides a sensi-
tive property for distinguishing soils that originate from different
locations.78

As with glass, fiber, hair, and blood products, and finger, foot, or tire
impressions, soil analysis can often impart important information linking a
suspect to a crime scene. Also, as in all forensic science crime scene investi-
gations, recognition, and collection issues are paramount.79
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The broad nature of soil analysis, increasingly detailed, was noted at the
Proceedings of the 2001 12th Interpol Forensic Science Symposium:80

As one of the major components of airborne dust, soil particles
can be frequently transferred by a suspect touching the dusty
surface of structural forms, such as a door, a windowsill, etc. This
(Forensic Geology Review) report therefore, includes not only soil
materials, but also dust and other earth-related materials, such as
plant chips, diatoms, pollen and spores, and concrete or brick
fragments.81

In cases where unique items such as glass are embedded in both com-
parison samples, a comparison may be readily made. However, as noted in
the same paper:

The more difficult situations occur where there is a variation in
components and composition among the samples from the same
site. It requires extensive, tedious work, and patience … tedious
long work and patience with a lot of examiner experience and
statistical consideration.82

Examining soil and decayed matter from a landfill area would be a prime
example of the above observations. The earlier-mentioned 2001 and 2004
symposium forensic literature review papers are well worth consulting for
the comprehensive overview of this subject as well as the current world
bibliography on soil analysis and related subjects.

It is incumbent on lawyers involved in the criminal justice system to
become familiar with the key information points and players in the scientific
field of soil analysis. Very few of the forensic sciences are or were ever created
and developed for strictly forensic purposes. The keen commercial interest
involved is typically the primary generator of detailed data sourcing. Soil
analysis stems from and depends upon the sciences of geology as well as
anthropology. There are several excellent books83 and Web sites84 recently
available to get the investigator on his or her way in a soils-related criminal case.
Several excellent case studies of soil-based kidnapping and homicide incidents
are also available for study. Extensive articles on the murder investigation in
the death of DEA agent Enrique Camarena and the kidnap and murder of
Adolphe Coors provide both extremely instructive and interesting reading.85

VI. Soil and Cadaver Dogs

In Clark v. State,86 defendant was convicted of second-degree murder. Defen-
dant appealed, among other points, on the basis that the testimony of a
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cadaver dog’s police handler was inadequate to establish expertise of cadaver
dog and that an insufficient foundation was laid for the handling officers’
testimony interpreting the actions of the cadaver dogs.

The court found that the testimony of cadaver dog’s police handler with
respect to training and ongoing certification of cadaver dogs was adequate
to establish the expertise of a cadaver dog that alerted to site at which murder
victim’s body had been buried.87 The dog had received 17 weeks of “utility
training,” covering article search, tracking, and controlled aggression; fol-
lowed by additional training in location of cadavers, and had been certified
as qualified cadaver dog annually by state police association and once every
two years by North American Police Work Dog Association. During certifi-
cation the dog never failed to find what was hidden, and never, in training,
alerted on false holes.

The court found sufficient for dog-handling officers’ testimony inter-
preting the actions of cadaver dogs at the site at which victim’s body had at
one time been buried, despite expert testimony at motion in limine that alert
by a cadaver dog, without more, was “not enough by itself ” to prove the
presence or past presence of human remains to reasonable degree of scientific
certainty. Here, the dogs’ expertise was established by testimonies of their
handlers and other circumstantial evidence indicated a prior clandestine
burial at alert site; defendant had been seen with truck and shovel at alert
site, and alert site matched spot marked on map in defendant’s truck.

Defendant was accused of the murder of a child approximately 11 years
earlier and of having dug up and moved the remains when police reopened
the investigation. In January 1993, police were able to determine that a map
found in defendant’s car depicted the cemetery in Massachusetts that he had
visited on October 31, 1992. On January 3, 1993, Sergeant Arthur Parker, of
the Wellfleet, Massachusetts, Police Department, went to the cemetery and
noticed that topsoil within the Clark family cemetery plot was “disturbed.”
The location of this disturbance corresponded closely to an asterisk on the
map found in appellant’s pickup truck. In addition, he noticed rust marks
on a cemetery marker near the Clark family plot.88

Bruce Hall, an FBI expert knowledgeable in the field of soil comparisons,
examined part of the undercarriage of appellant’s truck (seized by police on
November 6, 1992) and found that the soil consisted of the same essential
minerals as the rust marks left on the cemetery marker. He also discovered
that the disturbed soil area of the Clark family plot was the likely source of
the dirt contained in the eyeglass case found in appellant’s truck.89

Massachusetts State Trooper Kathleen Barrett, the handler of a cadaver
dog named Dan, brought Dan to the Wellfleet cemetery on January 3, 1993.
Cadaver dogs are trained to recognize the scents of blood, tissue, and decom-
position of humans. On January 3, Trooper Barrett released Dan in the Wellfleet
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cemetery. Dan criss-crossed the cemetery, and then indicated an alert in the
area of the soil disturbance, which was near a headstone marked “Clark.”
Barrett took Dan aside and waited while other officers transferred soil (from
the place where Dan had alerted) onto a tarp. She then released Dan to search
again. This time, Dan alerted on the soil lying on the tarp and not on the
hole from which the soil had been excavated.

The second cadaver dog to search the Wellfleet cemetery was a canine
named Panzer owned by the Rhode Island State Police. Panzer worked her
way through the cemetery for 12 to 15 minutes, and then alerted on an area
behind appellant’s grandfather’s grave, which was the same place where Dan
had initially alerted. Panzer and her handler returned to the cemetery on a
later date. The handler started Panzer from a different location, but the dog
worked her way back to the same spot and alerted once more. The alert was
“less intense,” however, than it had been earlier.90

One of the state’s theories in this case was that appellant, on Saturday,
October 31, 1992 (Halloween), went to the Wellfleet cemetery where his
father and grandfather were buried, dug up the corpse of Michelle Dorr and
took it elsewhere. According to the state’s theory, appellant took these actions
because he realized at that point that the police were focusing on him as the
person who had killed Michelle. In support of this theory, the state produced
a witness who had seen appellant at the cemetery on October 31 and saw
him pull his truck up next to the Clark family grave markers. There was a
shovel in the back of the truck at that time. Additionally, the state produced
evidence indicating that appellant’s truck had struck one of the grave markers
directly across the road from the Clark family cemetery plot. Moreover,
according to the state’s evidence, the ground near appellant’s grandfather’s
grave had been disturbed between October 14, 1992, and January 3, 1993.
The state’s theory was that appellant was backing up, after removing the body,
when he struck the grave marker.

As mentioned earlier, Trooper Kathleen Barrett of the Massachusetts
State Police Department testified that, on January 3, 1993, her German Shep-
herd dog, Dan, alerted at the areas of disturbed soil in the Clark family plot.
Trooper Matthew Zarrella of the Rhode Island State Police testified that his
dog Panzer likewise alerted at the same spot in September 1995.

At trial, several questions asked by the prosecutor of Trooper Barrett and
Trooper Zarrella were objected to by appellant’s counsel. The trial judge
overruled the objections, which appellant now contends was reversible error.
The pertinent question asked of Trooper Barrett and her answer were: 

Q: (Prosecutor): When the dog went to that particular spot (the
area where the ground had been disturbed) and began to dig, what
did that indicate to you as a trainer?…. 
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A: It indicated to me that he (Dan) had located one of three things
that he was trained to locate under those circumstances, which is
human blood, human decomposition, and human tissue.

* * *

The objected-to questions addressed to Trooper Zarrella were
quite similar, viz: 

*573 Q (Prosecutor): … (A)nd what did she [Panzer] do? How
did she react? 

A (Trooper Zarrella): She laid down. 

Q: Okay. And what did that tell you? 

A: She had discovered or detected the presence of human decom-
position. She had detected the (sic) certain chemical byproducts
that are present in human decomposition that we trained her to
detect.91

Troopers Barrett and Zarrella both admitted that cadaver dogs make
mistakes, as do their handlers.

At the hearing concerning the motion in limine, appellant presented the
testimony of Dr. Ann Marie Mires, the Director of the Identification Unit of
the Boston Medical Examiner’s Office, who qualified as an expert in the field
of forensic anthropology and the identification of human remains. Dr. Mires
has experience using dogs to locate human remains in cemeteries. In light
of modern embalming and burial practices, she believed a properly trained
cadaver dog would be able to distinguish a legitimate grave from a clandestine
one within a cemetery because during embalming all body fluids are drained
from the corpse, whereas persons who bury corpses in clandestine graves
usually do not remove body fluids.

According to Dr. Mires, there are only three tools available to locate
clandestine burials of human bodies: Trained cadaver dogs, ground penetrat-
ing radar, and shovels. In Dr. Mires’s opinion, the alert of a cadaver dog,
standing alone, is not considered sufficient to show to a reasonable degree
of scientific certainty that human remains are or were present at the location
of the alert. After a cadaver dog alerts, digging or ground penetrating radar
is used. But the fact that neither of these instruments reveals a body does not
necessarily invalidate the cadaver dog’s alert, because there is no chemical
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test yet devised that can confirm whether a body had once decomposed at a
particular site. Dr. Mires testified that she was participating in the preliminary
stages of scientific work to develop such a chemical test.92

Dr. Mires testified that the use of cadaver dogs “in trying to determine
the existence or the one-time existence of human remains at a particular
location is a concept that is widely accepted in the forensic anthropology and
pathology fields.” Despite this reliance, a dog can falsely alert because water
flowing from the site of a human cadaver may cause the dogs to alert at a
place removed from the spot where a body was buried, because the dog is
fatigued, or because the handler misreads a dog’s actions.

The court first addressed defendant’s point that there was no showing of
Dan’s expertise. They noted Trooper Barrett’s testimony in regard to Dan’s
rigorous 17-week training course and his excellent record in locating cadavers: 

We were called to a residence. A female had been missing from
(her) home. (She had been missing) … for quite some time. We
came into the house, the dog immediately went to the cellar,
started to dig, … knocking things over…We later found that this
is where the body had actually been stored. We went up into the
master bedroom, … (and Dan) alerted … on the wall, standing
on the wall, and then he went into a small crawl space, and I lost
sight of him. 

And he tried to come back but he was falling (through) … the
insulation…. And he came back; he had a garbage bag in his
mouth, and in the garbage bag was the victim’s purse. And lab
results indicated that there were body fluids….93

As additional examples of Dan’s expertise, Trooper Barrett said that Dan
had located seven bodies that were under water. Once he alerted on a body
that was in a stone quarry, 157 feet below the water’s surface. Dan had also
been certified as a qualified cadaver dog once a year since 1991 by the New
England State Police Association (NESPA). He had also been certified as a
cadaver dog once every two years since 1991 by the North American Police
Work Dog Association. During certification, Dan never failed to find what
was hidden. Moreover, he never, in training, alerted on “false holes,” which
are dug in attempts to deceive the dogs.

The court accepted both Dan’s and the handler’s expertise and accepted
the cadaver dog evidence:

Based on all the above, we disagree with appellant’s contention
that the state failed to show Dan’s expertise. It is true that Dr. Mires
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testified at the motion in limine hearing that the fact that a cadaver
dog alerted at a certain spot was “not enough by itself ” to prove
the presence (or presence at some time in the past) of human
remains to a reasonable degree of scientific certainty. But here, the
alert by Dan at the spot in the Clark family graveyard did not
stand alone. Other circumstantial evidence pointed to the fact that
there had been a clandestine burial at that spot, i.e., the fact
that the Clark plot had been disturbed between October 14, 1992,
and January 3, 1993; that appellant was present with his truck and
shovel at the grave site on October 31, 1992; that a second cadaver
dog alerted at the same spot two and one-half years after Dan’s
alert, and that the spot where the cadaver dogs alerted matched
the spot, marked by an asterisk found on a map in appellant’s
truck on October 24, 1992. Under all these circumstances we
believe that there was adequate foundation for the admission of
the testimony regarding the officers’ interpretations of the actions
of Dan and Panzer.94 

VII. Soil and Forensic Archeology

Few cases show soil analysis at the center of the investigation, but soil analysis
often is an important part of the circumstantial physical evidence leading to
acquittal or conviction. Several of these types of cases involve soil in the
context of forensic archeology.

In People v. Begley,95 defendant was convicted in the Superior Court,
Shasta County, of conspiracy to injure an archeological object. In an attempt
to apprehend looters of Native American artifacts, the United States Forest
Service set up a sting operation in Shasta County where a Forest Service
special agent opened a booth at a flea market and advertised as broker of
Native American artifacts.

Defendant contacted Agent Price and informed Price that he had exca-
vated a number of arrowhead projectile points, beads, obsidian chips, and
other artifacts from a burial site. The agent eventually bought several arrow-
heads later examined by Dr. Eric Ritter, an archeologist for the Bureau of
Land Management. Dr. Ritter testified that these items contained a teshoa
flake, used by prehistoric Native Americans for cutting and scraping, a late
prehistoric arrow point known as a Gunther barb, and obsidian chips, a form
of volcanic glass. The items were consistent with those one would expect to
find in archeological sites in Shasta County, including the Ono site.96

Defendant’s residence was searched and officers seized trade beads, var-
ious midden-covered rocks, and documents and other materials suggesting
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defendant was in the business of fabricating Native American artifacts. Some
of the items had characteristics consistent with recent removal from an arche-
ological site. Midden was described by an archeologist as a trash mound, that
is composed of materials that have built up over time from cooking ovens and
fires, house structures that have been built and either decomposed or have burnt,
resulting in soil that is very dark colored and distinctive from surrounding soil.
Possession of such material suggested that defendant was also in the business
of fabricating archeological treasures.97

In People v. Davenport,98 defendant was convicted before the Superior
Court, Orange County, of the vicious murder of a young woman with the
special circumstance that the murder was intentional and involved infliction
of torture. The defendant was sentenced to death.

Gayle Lingle, the victim, spent the evening of March 26, 1980, at the Sit
’N Bull Bar in Tustin. Between approximately midnight and 1 a.m., she and
defendant left the bar. The victim’s body was found the next morning lying
in a large, uncultivated field south of the I-5 Freeway near Tustin. There were
motorcycle tracks in the area.99 The body bore signs of extreme cruelty and
mutilation.

Bonnie Driver, a criminalist employed by the Orange County Sheriff ’s
Department, testified that she had examined vegetable matter taken from
defendant’s motorcycle and compared it with vegetation taken from the area
where the victim’s body was found. Driver found the gross morphology of
the plants in both samples to be consistent with each other.100

Forensic Microscopist Skip Palinek examined and compared the heavy
mineral content of soil samples taken from defendant’s bike with samples
taken at the murder scene and testified that the samples were generally con-
sistent with each other. In fact, he testified, one of the samples from the
motorcycle contained sufficient similarity to the murder scene samples that
he concluded they were virtually indistinguishable. Both of these witnesses
admitted they had not compared the samples taken from defendant’s bike
with samples taken from other parts of Orange County. Dr. Stephen Dana,
a geologist retained by defendant, examined the same soil samples and found
similarities and differences in all of them, and based on his knowledge of the
geology of the area, he opined that the samples could have come from
anywhere in Orange County.101

In State v. Lee,102 defendant was charged, along with a codefendant, with
the second-degree murder of one Peter Weber. On April 21, 1997, a partially
decomposed body was found in a wooded area in St. Bernard Parish. Dental
records were used to positively identify the body as that of Peter Weber.
Bruising and broken bones in the neck area indicated that the victim died
of strangulation.
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A North Lopez Street residence, defendant’s former abode, was searched
pursuant to a warrant and under the house the officers saw what appeared
to be a shallow grave. Several articles were taken from both inside and under-
neath the house that were linked to the body of the victim. Analysis of soil
samples indicated that the soil found in the soles of the victim’s shoes was
the same as that found underneath the house.

VII. Conclusion

Expertise in the areas of glass, paint, and soil is an ever-present feature of
criminal trials at the beginning of the twenty-first century. Many easily acces-
sible and authoritative information sources are available to the forensic
litigator. This chapter has described several of the more important ones and
a representative sample of relevant cases in each area. Given free access to
the abstracts of the Journal of Forensic Science and the many Web sites noted
here, keeping up in these fields is a very achievable goal for prosecutors,
defense lawyers, and judges.
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7Footprints, Tire 
Impressions, and 
Bite Marks

There is no branch of detective science which is so important and
so much neglected as the art of tracing footsteps. Happily, I have
always laid great stress upon it, and much practice has made it
second nature to me. I saw the heavy footmarks of the constables,
but I saw also the track of the two men who had first passed
through the garden. It was easy to tell that they had been before
the others, because in places their marks had been entirely oblit-
erated by the others coming upon the top of them. In this way
my second link was formed, which told me that the nocturnal
visitors were two in number, one remarkable for his height (as I
calculated from the length of his stride), and the other fashionably
dressed, to judge from the small and elegant impression left by
his boots. 

Sherlock Holmes to Doctor Watson
Arthur Conan Doyle: A Study in Scarlet (1887)

I. Introduction

Footprints, tire prints, and bite marks are, as all crime scene datum, examined
and preserved through some aspect of imaging technology, whether film,
videotape, forensic photography, or some new imaging products. These are
central subjects for police, prosecutors and defense counsel, and judges. The
quality and quantity of much crime scene material is determined by the
skilled use of such technologies. It is incumbent on lawyers in the criminal
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law field to keep current in the rapidly developing area of digital imaging.
Fortunately, highly trained experts are constantly monitoring these develop-
ments, and their findings are readily accessible.

The 14th Interpol Forensic Science Symposium1 has a literature review
section devoted to the expanding topic of forensic imaging that reviews the
significant forensic literature from 2001–2004, in four basic areas:

• Imaging technology, which captures images and video from analog
and digital media, filtering and sorting large amounts of images and
video, coding and decoding data, detection of manipulation, image
authentication, and identification of cameras and systems as tools
used for production.

• Crime scene photography, laser scanning, photogrammetry, 3D mod-
eling, which includes crime-scene recording, using combinations of
wide-view and close-up photography and laser scanning, panorama
views, three-dimensional (3D) modeling of crime scenes, 3D models
as tools for interpretation of questioned video recordings of subjects,
e.g., shooting incidents, car accidents or explosions, scenario testing
using 3D models of the crime scene, human bodies with wound
channels, virtual stringing of bloodstain patterns, etc.

• Biometric identification, using biometric systems based on finger
scans, facial photographs, and iris scans, where the demand for ex-
tremely large databases of finger scans and new insights from the
development of DNA evidence has led to a new interest for the process
of fingerprint capturing and identification.

• Pattern recognition and forensic image databases, which comprises
systems development and demonstration for storage and retrieval of
images captured from evidence, such as shoeprints, cartridges, tablets,
and tool marks.2

The Forensic Imaging Report tracks the work and plans of international
working groups in the subject areas, including European group ENFSIDIWG
(methods and techniques); the U.S. groups SWGIT (guidelines and best
practice manuals); and LEVA (training on video processing); and the Aus-
tralian group EESAG (proficiency tests for video and audio processing).3

II. Foot Impressions in the Courtroom

The case reports each year contain many instances of the use of foot impres-
sion evidence, in a wide variety of settings, including both two-dimensional
(2D) and 3D impressions, whether it is footprints in dust, plaster, blood, glass
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panes, paper, carpeting, oils, or other petroleum products, or impressions in
soil, mud, or snow. With each, preservation issues are paramount. Crime
scene photography and casting techniques are central to footwear impression
cases.

Like the other forensic disciplines, footwear impression science offers
valuable class characteristic and individual or linking information. Here, as
with ballistics and tool-mark cases, manufacturing technology and machine
tooling are highly important. Significant and growing knowledge is contained
in books,4 articles,5 and Web sites,6 with respect to the manufacture and styles
of footwear of all kinds, ranging from sandals and moccasins to athletic shoes
and expensive dress shoes. In addition to a routine search of the Journal of
Forensic Science (available at http://www.aafs.org) you can consult the enor-
mous and varied Medline citation search service provided by the National
Center for Biotechnology Information (NCBI), located at http://www.ncbi.
nlm.nih.gov/ (Medline searches).7

The World Wide Web of the Internet provides an enormous amount of
information on footwear and tire retailers, manufacturers, conferences, etc.
For example, a simple search using the Yahoo search engine for footwear will
bring up links to numerous sites in the areas of accessories, athletic shoes,
boots, brand names, children’s shoes, clogs, custom-made shoes, manufac-
turer directories, retailers, and trade associations. Each of these sites, in turn,
will lead to numerous other useful sites for lawyers beginning research on a
footwear-related issue. Likewise, a Yahoo search on tires can bring up links
to areas of brand names, distributors, and wholesalers; importers and export-
ers; and manufacturers of automobiles, trucks, and motorcycles.

Before moving to the details of footwear or tire impression cases, let’s
revisit the justice-related concerns at the heart of the modern utilization of
the offerings of the forensic sciences world.

As with the issue of fingerprints, important to investigators is an under-
standing of what surfaces or media could hold an impression. Footwear
impressions can be two- or three-dimensional. In the latter, it is a medium
that has the capability to sink down, allowing for a depth measurement along
with length and width. Two-dimensional impressions refer to footwear
impressions made in or on dust, glass, paper products, human skin, paint,
blood, and oil or other petroleum products, such as paint. Impressions made
in a three-dimensional medium include carpeting, dirt, mud, snow, drywall,
and other media capable of depth when trod upon.8

Given the original quality and integrity of the impression, examiners can
often determine such important class characteristics as shoe type, shape,
brand, and size. As noted by William J. Bodziak, a footwear expert, all crime
scenes should be approached with the expectation that they contain footwear
impressions in some form, whether visible or latent. Investigators must be,
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according to Bodziak, aggressive in their search for such impressions.9 Bodziak
lists several areas deserving special attention: actual point of commission; the
party’s point of entry: the route to and through the crime scene; the exit
point; and the area in and around other visible impressions.10

Many supportable assumptions can be made from class characteristic
categories, such as a person’s general height, weight, ambulatory difficulties,
loads being carried, and whether the footwear is new, capable of retaining
crime scene medium, such as soil, mud, plant life, construction materials,
etc. The preservation of the impression is of great interest, given the normally
transitory nature of footwear impression evidence. This is especially so in
crime scenes, where human traffic is ubiquitous, even when efforts are made
to limit personnel, equipment, or vehicles. Photography and casting method-
ologies are the methods used to preserve impression evidence for laboratory
testing and subsequent use at trial. 

International interest in footwear impression evidence is growing,11 and
great strides in the effort to perfect computerized databases of footwear
images have occurred.12 In the crime scene investigative area of collection
and preservation, lawyers need to know how the experts photograph, cast,
or otherwise preserve an impression.

Consulting William Bodziak’s treatise or one of many articles that address
forensic photography can help the neophyte become familiar with these key
preservation methodologies.13 Forensic photography is central to most of the
forensic sciences, including forensic pathology, fingerprints, forensic anthro-
pology, and blood-spatter pattern analyses.14 There are a number of very
useful Web sites addressed to forensic photography issues.15 The Federal
Bureau of Investigation has just electronically published a paper entitled
Definitions and Guidelines For the Use of Imaging Technologies in the Criminal
Justice System,16 prepared by the Scientific Working Group on Imaging Tech-
nologies (SWGIT). These guidelines, as all FBI announcements in the area
of forensic science, can expect to receive considerable respect in future court
discussions of forensic photography issues.

Basic information regarding modern impression-casting techniques is
also required of lawyers if they are to interact effectively with forensic scien-
tists and criminalists in footwear and tire track settings.17 The Bodziak and
forensic science articles contain good references about the various procedures
used to preserve an impression other than straight photography. Some of
these include the use of electrostatic- or adhesive-lifting techniques and new
casting mediums, such as Traxtone and Ceramass RC (ceramic gypsum),
magnetic powders, chemical agents and cyanoacrylate fuming, and luminol
for prints in blood.18

An excellent source for information on footwear impression cases, spe-
cifically, the individual, linking characteristics essential to tying a suspect to
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a particular crime scene, can be obtained by examining some of the testimony
given by Agent William Bodziak himself in the notorious O. J. Simpson
homicide trial. The famous size 12 Bruno Magli shoeprint, the centerpiece
of that expert testimony, bears brief examination here, prior to a discussion
of more recent footwear- and tire-impression cases.

The efforts related by Agent Bodziak in the Simpson case were extraor-
dinary, and do not represent the standard in such cases, especially with regard
to foreign travel to inspect the machinery used to manufacture the shoe type
and size involved. Forensic shoeprint examiners do not normally go as far as
locating the machine on which the shoes were run. Also, if they do so in
major profile cases like O. J. Simpson, their extraordinary efforts are as good
as the photography used to memorialize the burr marks, striations, etc,
because they obviously cannot haul the foreign machine to court. The testi-
mony of Agent Bodziak, available for download from Westlaw, especially the
foundation laid for the testimony, is very extensive and most instructive.19

An excerpt here is an example of translating forensic theory to practical
courtroom work.20

Agent Bodziak began his testimony by explaining the class and individual
characteristics in forensic footwear impression analyses:

A. One of the primary purposes of footwear comparison is ulti-
mately to examine the footwear impressions from the crime scene,
which is depicted here on the right side, (indicating), with shoes
of suspect that might be obtained during the investigation… This
comparison involves the class characteristics first of the shoe, that
is, the physical shape and size, the design or pattern on the bottom
of the shoe, which leaves its print in the impression, and then
subsequently we will draw attention to its wear characteristics.
Maybe the heel may begin to wear on the edge and other wear
that might be evident and would change the pattern of the shoe.

The fourth area of comparison, after the size, design and wear,
would be things such as accidental characteristics, for example, a
cut mark that would also show up in the impression and would
be found on both the test impression and the known shoe. These
cut marks or changes to the pattern of the shoe are what makes
a shoe unique and would possibly enable, if there was an adequate
number of these, the positive identification of this shoe having
made the impression at the crime scene.21

Proceeding to an analysis of the crime scene datum in the Simpson case,
Bodziak noted that that typical type of analysis was not done due to the fact
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that no shoe associated with the defendant was available to him. Continuing,
he testified:

Q. All right. Now, in cases that are submitted to you for analysis
at the FBI, since 1973 when you’ve been working there, can you
give us an estimate as to what percent, where they are submitted
to you, they do not have shoes of a suspect?

A. Approximately forty percent of the case work that is submitted
to us initially does not have the shoes of the suspect. A few of
those may be submitted later, after we provide them additional
information.

Q. And are there some(cases) where the shoes are never recovered?

A. Absolutely, yes.

Q. Now, in cases where the shoes are not recovered, is it, never-
theless, possible to do other kinds of analysis on the shoes?22

A. Yes. The second and third portions of the chart draw attention
to those kinds of requests we get in situations where we do not
have the shoes of a suspect, and we are asked to provide the brand
name and manufacturer of the shoe and we do this by accumu-
lating in a reference collection, thousands of designs of shoes and
searching a particular pattern from the crime scene print through
that reference collection, and hopefully we will be able to deter-
mine the manufacturer and brand name of that shoe. After that,
depending on the quality of the impression and the completeness
of the impression at the crime scene, as well as the kind of man-
ufacturer of the shoe in question, we may be asked to give either
a general estimate of the size and that would be just through a
linear measurement, or an actual specific sizing of the shoe by
directly working with the manufacturer.

Q. And what is the purpose of trying to gather information about
how shoes are manufactured from the standpoint of a forensic
shoe examiner?

A. In some cases the purpose is because of the need to in a particular
case that I might be working, but as a general training tool it is
important to learn the various ways that shoes can be manufactured,
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because there is quite a lot of differences between a direct-attach
injection molded shoe or a cut shoe that is made of unvulcanized
rubber or a composition molded shoe.

Q. Now, in cases where you do have the information as to who
manufactured the shoe, what can you do?

A. In that case we can specifically size the shoe, if it has been made
in certain manners. If it has been cut from a sheet of goods and
then just glued to the bottom that is usually not possible with an
absolutely 100-percent certainty, but if the shoe has been folded
and the molds have been made with a hand-milled method, where
the person is actually guiding the milling device and creating the
molds through personal direction, as opposed to a computer
method, each of those molds, both in different sizes, as well as
molds that may be duplicated in the same sizing, each of those
will come out slightly different. And those differences will manifest
themselves in impressions at the crime scene and enable a direct
comparison to eliminate the molds that did not make the shoe
and identify the mold which did make the shoe.

Q. Now, during your involvement in this case, when you first
became involved in the case, what type of analysis were you asked
to perform?

A. Initially I was asked to determine what type of shoe, what brand
or manufacturer, made the impressions that were located in blood
on the Bundy sidewalk.

Q. And did you consult any reference collections of the sort that
you mentioned previously in order to do that?

A. Yes, I did. I initially consulted the FBI’s reference collection
which involves thousands of impressions on computer and in
photographs and catalogues, but I was unable to find that partic-
ular design.

Q. And how long has this reference collection been in existence?

A. Well, we have changed it over the years, but it was initially
started in 1937 basically as a rubber heel file.
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Q. Is it a computerized system?

A. Part of it is computerized, yes, sir.

Q. All right. You also were unable to locate the design in your
reference catalogue?

A. That’s correct.

Q. After you were unable to locate the design based upon your
own resources, did you take some additional steps?

A. Yes, I did.

Q. What did you do?

A. In looking at the detail in the shoe impressions in the thirty
photographs which I was submitted which were the impressions
from the Bundy location, I observed that there were certain fea-
tures about that shoe that strongly suggested that it was a high
end — that is a very expensive Italian-brand shoe. So I looked
through our written reference material and I identified approxi-
mately 75 to 80 manufacturers and importers of high-end Italian
shoes and some South American shoes or Brazilian shoes, and I
prepared a sketch and a — one of the photographs, a composite
photograph — excuse me — a composite sketch and three pho-
tographs of heel impressions from the Bundy scene, along with a
letter, and contacted those manufacturers and importers to see if
they recognized or knew the origin of that particular design.

Q. Did you get any information back as a result of that?

A. Yes. On August 17th I received a reply from Mr. Peter Grueterich
of the Bruno Magli Uma shoe store in New Jersey.

Q. And did he send you anything?

A. Yes. He sent me two shoes that were left over from a Bruno
Magli distribution of his in 1991 and 1992. These were both right
shoes. One was a size 9 and a half and one was a size 12. And I
believe from looking at them they were probably samples that
were just left over.23
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Q. Now, in addition to the information that you sent out that you
just told us about to these shoe manufacturers, did you send out
any other inquiries to law enforcement agencies?

A. Yes. Also sending — I sent an inquiry to eight international
laboratories which I knew had computerized reference collections,
such as the FBI, and I sent them pictures of the sole of the shoe
as well as the pictures from the crime scene, a couple pictures
from the crime scene at Bundy, and asked them the same question,
could they identify the brand name or manufacturer of this shoe.

Q. Were any of those countries with computerized systems similar
to the FBI’s able to provide you with any information?

A. Yes. Seven of them responded and said they did not have this
shoe in their collection. The eighth one, the National Police Agency
in Tokyo, Japan, responded and advised that they had a shoe that
they had obtained from a merchant of this design that was dis-
tributed in Europe and was made in Italy.24

Q. Now, as a result of the information that you have just talked
to us about, did you determine who the manufacturer was of the
Bruno Magli shoe?

A. Yes. Well, if I could comment on the bottom of the shoe, which
has the manufacturer’s name on it?

Q. Sure.

A. The bottom of the shoe has design elements … which are
repeated across the entire sole area, as well as the heel, and these
design elements, which repeat after one another across the width
and length of the shoe, are identical in size in both the heel and
the sole, and they are surrounded by a perimeter, a little raised
line, and then there is an outer perimeter which does not actually
touch the surface of the ground, but which is a little bit raised but
can touch it if there is enough weight or other factors. The same
is true of the heel and the leading edge of the heel is curved and
has the notch cut off of the medial side, the inner side. This is a
reverse photograph so this is actually the left — an enlargement
of the left shoe, and this would be the outside of the body and
this would be the inside to the right as you look at it, (indicating).
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And in the center arch area, also, is the name “Bruno Magli,” that
is B-r-u-n-o M-a-g-l-i, as well as the capital “M” for Bruno Magli,
the logo in the middle of that, and at the very bottom in the
shadow here, which is probably hard to see, is the words “made in
Italy” and up in the top corner here is the word “Silga,” S-i-l-g-a,
which to answer your question, this is the manufacturer in Italy
of this outsole.

Q. Okay. Now, is that common in the footwear industry that the
company whose name goes on the shoe doesn’t necessarily have
their own factories that they own?

A. That is very common in the footwear industry, to have one
company make the outsoles and sell those to another company
that will then create the upper, which are attached and glued and
stitched to the bottoms.25

Q.So what is the Bruno Magli company? If it is not a shoe factory,
it is a what?

A. Well, it may also be a shoe factory, but they may — I don’t
know their full habits of purchasing, but with regard to this shoe,
they had this mold made by Silga. For their shoes and these
molds — these molded bottoms which were sent to another fac-
tory which is called 4c also in Italy, in the same area of Italy, and
then the uppers were stitched and placed into the bottom and
made and sold as a shoe.

Q. As to the manufacturer of the sole of the Bruno Magli shoe
and also the upper, did you decide to visit the factories, these two
factories?

A. Yes, I did.

Q. And before getting into that, did you have some training and
experience specifically in shoe manufacturing?

A. Yes. Over the years, since the late seventies, I have been to approx-
imately footwear manufacturers on approximately 25 occasions.

Q. And what is the purpose of trying to gather information about
how shoes are manufactured from the standpoint of a forensic
shoe examiner?
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A. In some cases the purpose is because of the need to in a par-
ticular case that I might be working, but as a general training tool
it is important to learn the various ways that shoes can be man-
ufactured, because there is quite a lot of differences between a
direct-attach injection molded shoe or a cut shoe that is made of
unvulcanized rubber or a composition molded shoe.

Q. Okay. And are you able to use this information in your analysis
in determining shoe size that left impressions at a crime scene?

A. Yes, sir.

Q. Now, is this something that you are routinely able to do based
on that kind of information and other information?

A. Yes, sir.

Q. Now, in cases where you do have the information as to who
manufactured the shoe, what can you do?

A. In that case, we can specifically size the shoe if it has been made
in certain manners. If it has been cut from a sheet of goods and
then just glued to the bottom, that is usually not possible with an
absolutely 100 percent certainty, but if the shoe has been folded
and the molds have been made with a hand-milled method, where
the person is actually guiding the milling device and creating the
molds through personal direction, as opposed to a computer
method, each of those molds, both in different sizes, as well as
molds that may be duplicated in the same sizing, each of those
will come out slightly different. And those differences will manifest
themselves in impressions at the crime scene and enable a direct
comparison to eliminate the molds that did not make the shoe
and identify the mold which did make the shoe.26 Different runs
with same mold can yield minute differences. 

Q. So does that mean, sir, that if you have two molds that were
created with the same template, that as a forensic shoeprint ex-
aminer you would be able to distinguish those two molds?

A. Yes, sir.

Q. And is that based upon the placement, the exact placement of
the mold with respect to the perimeter of the shoe?
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A. It is based on the fact that in the hand-milling process, as
opposed to a process where you make duplicate molds from the
beginning, or a computer process where the computer of course
is going to do exactly the same thing every time with a CAD/CAM
device, in the hand-milling process each of these patterns will
result in a slightly different position each time.

Q. Okay. And are there some other factors that are — in addition
to the ones that are on this chart — that also go into the issue of
shoe size?

A. Yes. There is other factors. One that is very important is the
personal preference for fit. Some people, for instance, if they are
buying a soccer shoe, may prefer it to be very tight. If they are buying
a dress shoe, they may prefer it to be loose so they don’t have to
go into that breaking-in. If the shoe is in very expensive leather
shoe, they may know in a couple wears it will be very soft and
pliable and very much to their foot and they may like that fit, so
they may intentionally buy it a little snug, so there is a lot of factors
involving personal preference that play into account.

Q. Okay. Would it be just fair to say, to summarize this issue of
shoe sizing, that there are more factors that go into it than a lay
person might imagine?

A. Absolutely.27

After an extensive discussion of the foundation for his “matching” of the
Bundy shoeprint to a Bruno Magli, size 12, Agent Bodziak concluded: 

Q. And with respect to the print on the right that says “Shoeprints
FBI Q68” even though only a heel of that is visible, you were able
to determine that was a 46 European sole?

A. Yes.

Q. How?

A. Because the heels, like the rest of the shoe, are distinctly dif-
ferent and so no other heel in the other sizes could have made
that impression.
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Q. Were you able to determine whether these shoeprints were
made with a shoe that was manufactured on that precise mold
that you saw at the Silga factory, the 46 mold?

A. Yes, it was — it had to have been made in that mold. There
would be no other mold like it. So it was made — the shoes that
made the impressions that I have addressed here, q107 and q68,
were positively shoes that came from the Silga mold size 46.28

(Extensive testimony followed: see total transcript.)

III. Footwear Cases

Each year a significant number of reported cases involve footwear-impression
expert testimony. As noted above, it is fairly predictable that some such data
will be present in virtually every crime scene involving the physical presence
or movement of one or more persons. The value of any such impressions
depends on its integrity and the preservation methods used by police and
forensic technicians. In addition to class characteristic information, wear
marks, embedded glass or stone, and cuts and gouges can provide individual
characteristics unique to an individual. Differences and similarities vie for
the attention of prosecuting and defense lawyers.

The visual comparison of shoe impressions for purposes of size estima-
tions or comparisons by police officers in the course of active crime scene
investigation has been readily approved by the nation’s courts. The analogy
to permissible areas of lay-person opinion is often seen. In 2004 alone, there
were over 175 appellate cases discussing some aspects of footprint evidence.
None, as with virtually all of the forensic sciences or observational disciplines,
question the reliability of footwear-impression evidence. The cases run the
typical gamut of footwear cases, involving tracking a suspect from footprints
in mud, blood, or snow as well as more complex examinations of the topic
from qualified footwear experts.29 The discussions to follow focus on some
of the more interesting cases.

IV. Expert vs. Nonexpert Opinion

In Cooper v. Woodford, a 2004 9th Circuit case,30 defendant was convicted of
first-degree murder and sentenced to death. Defendant claimed, in part, that
the government committed a Brady violation by not disclosing exonerating
information about a bloody shoeprint. The defendant was convicted of the
first-degree murder after escaping from prison. The state obtained evidence
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that the prisoners only wore a certain type of shoe, specifically manufactured
for prisons, and the bloody shoeprint at the crime scene matched this type
of shoe. However, the state also had a sworn declaration from the prison
warden stating that the defendant was given a different type of shoe because
he was on the prison basketball team. The declaration was never disclosed
to the defense.

The court found the failure to hand over the declaration was a prima
facie violation of the Brady rule. The court believed the shoeprint evidence
was most definitely exculpatory, because the bloody shoeprint could have
been left only by a prisoner and because it was the main focal point of the
investigation. In other words, the court found that the defendant would have
likely been exonerated if the warden had testified about the shoeprint evi-
dence. The court also believed that the defendant could not have obtained
this information through due diligence. In the end, the court stayed the
defendant’s execution pending federal habeas corpus review of the shoeprint
evidence and other matters.

In People v. Maglaya,31 a 2003 California decision, the defendant was
convicted of first-degree murder and escape from custody, and eventually
sentenced to death. Defendant claimed that the trial court erred by allowing
a nonexpert police officer to testify that shoeprints found at the crime scene
were “similar” to the defendant’s shoe pattern. Specifically, he objected to a
motion in limine that allowed the expert to testify if he laid the proper
foundation for the evidence. The court found that the police officer could
be considered a lay witness because his opinion was “rationally based on (his)
perception” and because it was “helpful to a clear understanding of his
testimony.” 

Cooper v. Woodford,32 a 2004 9th Circuit case, is another decision address-
ing quick visual identification. On June 2, 1983, Cooper escaped from the
minimum security area of the California Institute for Men (CIM) where he
was incarcerated. He broke into and hid in an empty house in Chino Hills,
about two miles away. The Ryens lived next door, about 125 yards away from
the house in which Cooper was hiding. During the night of June 4, 1983, the
members of the Ryen household were viciously attacked. Doug and Peggy
Ryen, the father and mother, were killed, as were their 10-year-old daughter,
Jessica, and an 11-year-old houseguest, Chris Hughes. Doug and Peggy’s
8-year-old son, Josh, was left for dead but survived. The bodies of Doug,
Peggy, Jessica, and Chris, as well as the still-living Josh, were discovered the
next day by Chris’s father. All of the murder victims were killed by multiple
chopping, cutting, and puncture wounds. Josh suffered the same type of
wounds. Jessica was found clutching a substantial amount of fairly long blond
or light brown hair in her hand.
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Cooper was apprehended at the end of July 1983, and he was tried for
capital murder in late 1984 and early 1985. After seven days of deliberation,
the jury found Cooper guilty of death — eligible first-degree murder. After
four additional days of deliberation, the jury sentenced Cooper to death.

Only two pieces of evidence at trial connected Cooper to the Ryen house.
One was a bloody tennis shoeprint found on a sheet in Doug and Peggy’s
bedroom.33 A company representative testified at trial that “Pro-Ked Dude”
tennis shoes are manufactured by StrideRite solely for distribution in prisons
and other institutions. They are not distributed to the general public. The
sheet from the Ryens’ bedroom was initially not thought to have any foot-
prints. However, a bloody footprint was discovered on the sheet after it was
taken to the lab and refolded in the manner it had been folded when the
footprint was made. 

William Baird, the Crime Laboratory Manager, testified that the shoe-
print on the sheet matched two prints found in the other house, and that all
of the prints had been made by a close-to-new “Pro-Ked Dude” shoe. Baird
further testified that he had a close-to-new “Pro-Ked Dude” shoe of approx-
imately the same size in his lab, previously obtained from another prison.
He testified that this shoe allowed him to analyze the print on the sheet and
determine that it had come from a prison-issued “Pro-Ked Dude” shoe.34

James Taylor, an inmate at CIM during the time Cooper was incarcerated,
was a recreation attendant. Taylor testified at trial that he initially gave Cooper
a pair of “P.F. Flyer” tennis shoes. He testified that Cooper, then imprisoned
under the false name of David Trautman, exchanged his “P.F. Flyers” for a
pair of black “Pro-Ked Dudes” a few days before he was transferred to the
minimum security area. Cooper escaped from the prison soon after he was
transferred to the minimum security area.

Cooper attaches to his application a sworn declaration of Midge Carroll,
who was Warden of CIM at Chino while Cooper was incarcerated there.
Warden Carroll’s declaration stated that he learned that the shoes were not
prison-manufactured or specially designed prison-issue shoes, but rather,
common tennis shoes available to the general public through Sears and
Roebuck and other such retail stores. The court found that the declaration
of Warden Carroll made out a prima facie case of a Brady violation:

The significance of Warden Carroll’s communication would have
been clear to San Bernardino Sheriff ’s Department investigators.
Because of the testimony of Baird and Taylor, the state was able
to tell a damaging story about the presence of a bloody “Pro-Ked
Dude” footprint in the bedroom of the murder victims, a footprint
only Cooper, an escaped prisoner, could have left. But if Warden



296 Forensic Evidence: Science and the Criminal Law, Second Edition

Carroll had been put on the stand and had been believed by the
jury, the jury would have known that Cooper was almost certainly
not wearing “Pro-Ked Dude” shoes.35

Petitioner thus made out prima facie case of Brady violation, and thus
was entitled to file second or successive application for writ of habeas corpus
in district court; statement by warden of prison from which petitioner had
escaped cast doubt on accuracy of evidence linking petitioner to footprint
left at murder scene, and information contained in statement was not avail-
able to petitioner at time of trial.

V. Barefoot Impression Evidence

Barefoot impressions, as opposed to footwear impressions, have received
increased attention in the literature and several recent cases. The latest impe-
tus for the efforts to raise recognition of barefoot impression expertise to
that of shoeprint testimony has been the work of the Canadian Robert B.
Kennedy, formerly of the Royal Canadian Mounted Police (RCMP).36 While
this discipline is a respected endeavor in Europe, it has not fared so well in
American courts. A series of recent decisions have determined that this theory
of identification has not yet met the Frye or Daubert standards for scientific
evidence.

In State v. Berry, a 2001 North Carolina case,37 the defendant was charged
with first-degree rape and first-degree murder. Barefoot impression analysis,
as performed by officer who had been conducting “barefoot research” since
1989, was found to be not sufficiently reliable at time of trial to allow admis-
sion of barefoot impression testimony as expert scientific testimony, given
officer’s own testimony, on cross-examination, that barefoot impressions
were not a “positive means to identify somebody at present because my
research is not finished to prove that.” Authorities located a pair of gray socks
and worn, size nine, Spaulding high-top tennis shoes (Spaulding shoes) near
her body. Janet’s shorts and belt soaked in blood lay next to her throat. 

Before trial, Robert Kennedy (Kennedy), of the Royal Canadian Mounted
Police (RCMP), compared the Spaulding shoes with two pairs of shoes known
to belong to the defendant. Kennedy also examined “inked impressions” and
photographs of the defendant’s feet to determine if the Spaulding shoes were
regularly worn by the defendant. At trial, the trial court accepted Kennedy
as an expert “in physical comparisons with a specialist (sic) in barefoot
comparisons.”

Kennedy stated that he had been conducting “barefoot research” since
1989. Kennedy defined “barefoot research” as “the research into the unique-
ness of bare feet found inside of shoes at crime scenes and mud or blood, to
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ensure that the bare foot is unique enough to do a comparison on.” Kennedy
also testified that he has “collected 10,000 (inked impressions of) feet, that
is 5,000 people … and still adding to the data base.” Kennedy also testified
that he had also collected and analyzed the shoes of soldiers in the Canadian
Army. Kennedy stated that he had testified “for the past 28 years on physical
comparisons … hundreds of times.” Kennedy added that he had testified
about “barefoot comparison” “approximately 20 times.” Kennedy had written
and published articles and presented lectures on numerous occasions regarding
barefoot analysis. Kennedy explained the “hypothesis” regarding “barefoot
impression” analysis: 

(A) barefoot (is) unique to an individual. Research is not done
yet so obviously we can’t say they are (unique)…. We don’t believe
at present that we can identify a barefoot impression until our
research is done. The research is showing that the barefoot is unique
to the individual but obviously my research is ongoing, so I can’t
do research to prove that and before it’s done say ‘yes,’ we can.38 

During redirect examination, the following exchange occurred: 

State: Okay, you feel like your research indicates that — that
eventually you will feel it’s a positive means of identification? 

Kennedy: I think it’s definitely going in that direction. 

State: You just can’t say that at this point because your research is
not complete? 

Kennedy: Yeah, I wouldn’t do a positive yet, no. 

State: You said that some person could have left the same similar-
ities in those shoes as the defendant if he had the same features
as to the wear in the uppers of the shoe, the same features that
you saw as to the wear in the soles of the shoe and also as to the
wear pattern of the overall shoe. So it would take similarities in
all of those for another person to have worn those shoes, such as
the defendant, is that what you are saying? 

Kennedy: That is correct, yes. 

State: You believe, Sergeant Kennedy, from your research that the
individual persons have individual characteristics as to their bare
feet and as to the way they wear shoes and the way the shoes are
worn? 
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Kennedy: Yes. We have done research on that particular area and
they definitely have unique areas, unique patterns on the out sole
of the shoe, unique patterns on the inside uppers and they leave
very good unique features inside the insole. 

At the conclusion of voir dire, the Court asked the following questions
regarding Kennedy’s credentials and barefoot comparison: 

*201 The court: Let me ask you, Sergeant Kennedy, you are em-
ployed as a forensic crime scene analyst? 

Kennedy: That is correct, yes. 

The court: And you are a member of professional organizations
that are involved with identifications and comparisons? 

Kennedy: Correct, both in the international and local, Canadian. 

The court: Among those organizations and professionals and ex-
perts in your field of forensic crime scene analysis, is barefoot
comparison generally accepted? 

Witness: Definitely, yes. 

The court: And are the tests, data, methodology employed by you
and used by you reasonably relied upon by other experts in your
field? 

Witness: Yes, they are. As a matter of fact, I have doctors of podi-
atry and anthropology adding to the collection of the database.
The quicker we finish it, the quicker we get results, so they can
use the database also in their expertise. 

After this colloquy, the defendant objected to the admission of the tes-
timony, and asked the trial court to make findings of fact. The trial court
overruled the objection, and denied the request: 

The court: Well, the objection is overruled. He is allowed as an
expert. I am not required to make findings of fact. I am consid-
ering 109 [N.C.App.] 184, 189, however, notwithstanding I do
find that there is scientific, technical, or other specialized knowl-
edge that this witness has that will assist the trier of fact to
understand the evidence and determine facts which may be in
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issue. Also, this witness is qualified as an expert by his knowledge,
skill, experience, and training or education and may therefore
testify and form an opinion, if appropriate.39

Kennedy then explained barefoot comparison analysis to the jury, telling
them he examines the impressions left by the heel, the ball of the foot, and
the upper portion of the shoes. Kennedy stated that after examining barefoot
impressions in shoes, he can make one of four conclusions: (1) the shoes were
positively worn by the same person, (2) the shoes were positively not worn by
the same person, (3) the shoes were “highly likely” worn by the same person,
(4) the shoes were “likely” worn by the same person. Kennedy stated that he
has never made a positive identification. 

In the case at hand, Kennedy found many similarities in the impressions
left in the Spaulding shoes found at the crime scene, to other shoes known
to belong to the defendant, and to the characteristics of defendant’s bare feet.
Based on his examinations, he concluded that it was “likely” that the Spaul-
ding shoes found at the crime scene and the defendant’s other shoes were
regularly worn by the same person. Kennedy explained that he could only
conclude it was “likely” that the shoes were regularly worn by the same
person, because of a lack of clarity in the impressions, not because of any
dissimilarities between the impressions. The court here rejected his opinion
as inadequate science, but nonetheless as harmless error:

Kennedy testified that he could only state that it was “likely” that
the two sets of barefoot impressions from the shoes found at the
crime scene and defendant’s shoes were made by the same person.
He explained to the jury that his research was not yet complete. He
stated that, although there were similarities between the foot-
prints, he could not make a positive identification. We hold that
although barefoot impression analysis was not yet a reliable sci-
ence at the time of trial, the admission of such testimony was
harmless error.40 

In State v. Jones,41 defendant was convicted of murder, first-degree bur-
glary, armed robbery, and criminal conspiracy and was sentenced to death.
He appealed. The Supreme Court of South Carolina held that barefoot insole
impression evidence was not scientifically reliable and was inadmissible. A
single bootprint was found on the victim Pipkin’s bloody kitchen floor. The
“steel toe” boots that made the impression, as well as another pair of “high-
top” boots, were found in the room rented at Brown’s parents’ home. Brown
claimed appellant wore the “steel toe” boots connected to the crime, while
he wore the pair of high-top boots also found in the room. 
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At trial, the state was permitted to introduce testimony that the “ barefoot
impressions” left on the “steel toe” boots’ insoles were consistent with the
boots having been worn by defendant. Defendant argued that “barefoot insole
impression” evidence is not scientifically reliable, and further that SLED
(State Law Enforcement Division) Agent Derrick who conducted the exam-
ination was not a qualified expert. In addition, he argued that even if there
exists such a science, and even if Derrick were qualified, the prejudicial impact
of the testimony outweighed its probative value. The court set out the basic
idea behind barefoot impression evidence: 

The central thesis of “barefoot insole impression” evidence is that
the primary wearer of footwear, over time, begins to leave an
impression of the wearer’s foot in the footwear’s insole. Inked
impressions of the suspected wearer’s feet, photos of the suspected
wearer’s known insoles, and a standing cast of the suspected wearer’s
foot are compared to the impressions in the boots, both visually
and by using calipers to compare distances between toes and other
features among the various exhibits. A Canadian researcher
(Kennedy), who testified for the State at trial, is currently con-
ducting a study following RCMP troopers and their new boots
throughout the training process. Kennedy has compared the insole
impressions made in some 200 Canadian army boots with the feet
of the wearers. He began research in the area in 1989 after earlier
work done by Dr. Louise Robbins was discredited. Kennedy testi-
fied that different researchers use different methods in making
these types of comparisons, but that he felt his method (the one
used by Agent Derrick) was the best. He also testified that he has
revised some of his statements, but none of his methods, based on
comments received after publication of his peer-reviewed articles.
Kennedy is hoping to establish that each human foot is unique,
but at present the most that can be said is that a foot may be
“consistent” with a barefoot impression.42

The state relied most heavily on Kennedy to establish that there was a
science underlying “barefoot insole impressions.” The court noted that while
Kennedy testified that he had published several peer-reviewed articles, he
also testified that he was still in the process of collecting data in order to
determine which standards were appropriate for comparison purposes. Further,
he candidly acknowledged that earlier work in this area had been discredited.

The court ruled that the evidence presented was insufficient to meet
requirements that (1) the technique be published and peer-reviewed; (2) the
method had been applied to this type evidence; and (3) the method was



Footprints, Tire Impressions, and Bite Marks 301

consistent with recognized scientific laws and proceedings. In the court’s
opinion, it is premature to accept that there exists a science of “barefoot insole
impressions.43

An additional issue arose as to the quality control procedures used to
ensure reliability:

Neither Agent Derrick nor anyone connected with SLED had ever
done this type of test before. Further, Agent Derrick admittedly
had not conducted the testing in conformity with SLED’s quality
control precautions. The director of the SLED laboratories testified
that SLED requires a written protocol on all laboratory proce-
dures, which must be “thoroughly tested to prove their scientific
validity, accuracy, and repeatability.” Here, there was no written
protocol in existence when Agent Derrick conducted his testing,
much less one which had been subjected to SLED’s quality control
policies. 

We find, therefore, that the trial judge erred in permitting expert
testimony purporting to demonstrate that “barefoot insole im-
pression” testing revealed appellant’s foot to be consistent with
the impression made by the primary wearer of the “steel toe” boot.
The admission of this evidence mandates reversal of appellant’s
convictions.44

Footwear Impression for Indigent Defendant

In People v. Lawson,45 defendant was convicted of first-degree murder and
was sentenced to death. On July 28, 1989, between 7 and 8 a.m., the body of
eight-year-old Terrance Jones (known as T.J.) was found lying face down
approximately 15 or 16 feet inside a small, abandoned church in East St.
Louis, Illinois. He had been stabbed several times in the back, chest, and arm,
and his throat had been cut. He was clothed in a tee shirt with his underpants
pulled down around the knee area and on only one leg.46

The interior of the small church was dusty, dirty, and in a state of
complete deterioration. During the morning hours following the discovery
of the body and before the arrival of the police at around noon, many people
in the surrounding neighborhood entered the church and observed the body,
defendant being among them. During the investigation, a police crime scene
analyst observed several shoeprints in a substance that appeared to be dried
blood. Subsequent forensic tests revealed the substance to be human blood
consistent in type with the victim’s. The bloody shoeprints were on two pieces
of wooden paneling located immediately to one side of the body and bore
the legend “Pro-Wing,” a brand of gym shoe indisputably worn by many
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individuals in the immediately surrounding neighborhood. At the direction
of the crime scene analyst, police looked for persons in the crowd wearing
Pro-Wing gym shoes. Police saw no one in the crowd other than defendant
wearing the Pro-Wing shoe and requested that he give them his shoes for
purposes of elimination, which he did.47

David Peck, a forensic scientist, testified as the state’s fingerprint and
footwear analysis expert. Peck testified that he found 5 of 12 bloody shoeprint
impressions on the two pieces of wooden paneling as identifiable to either
defendant’s right or left Pro-Wing gym shoe. Peck testified that the seven
remaining shoeprint impressions could have been made by defendant’s shoes.
Peck also opined that the shoeprint impression found on the page from the
allegedly pornographic magazine could also have been made by defendant’s
shoe. Peck testified that the additional shoeprint impression, in the white,
chalky substance on the wooden paneling, could not have been made by
defendant’s shoes.48

Peck showed the jury photographic enlargements of the shoeprint
impressions, which he relied on as exhibits. Peck then directed the jury’s
attention to a prepared chart pointing out eight different individual charac-
teristics of the bloody shoeprint impressions on the boards. He then matched
each shoeprint impression on the boards with photographic enlargements
of defendant’s Pro-Wing gym shoes. Peck stated that he could not determine
when the bloody shoeprint impressions were made.

Defendant contended that the trial court erred in denying his motion
for funds to obtain the services of a fingerprint and shoeprint expert. Defen-
dant asserted that the denial of funds for such expertise denied him due
process of law, effective assistance of counsel and the right to obtain witnesses
for his defense.49 The state acknowledged the possible constitutional and
statutory dimensions of the claimed error,50 but claimed that defendant, as
required, failed to provide the trial court with the name of a specific expert
and an estimate of the fees involved.

The court ruled that in analyzing the particular circumstances of each
case, whether deciding statutory or constitutional issues, a standard had
evolved that there must be some showing that the requested expert assistance
was necessary in proving a crucial issue in the case and that the lack of funds
for the expert would therefore prejudice defendant. The Illinois Supreme
Court noted that the United States Supreme Court, in Ake v. Oklahoma,51

held that when an indigent defendant shows that his sanity at the time of an
offense is to be a significant factor at trial, the state must, at a minimum,
assure access to a competent psychiatrist who can examine the defendant and
assist in his defense.

Here, defense counsel had filed a Motion to Provide Funds for Experts
and Investigative Assistance, which stated that defendant was indigent, was
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represented by appointed counsel, could not afford to pay for experts pending
reimbursement by the county, and that defendant would need a fingerprint
expert to examine and compare shoeprints and fingerprints found at the
crime scene. The court here noted that the state’s expert Peck directed the
jury’s attention to enlarged photographic exhibits of the bloody shoeprint
impressions found on the wooden paneling and of the bottom of defendant’s
Pro-Wing gym shoes and described in considerable detail the manner in
which he was able to identify the impressions:

What I’ve done again is put eight numbers on here and drawn
them to areas which contain either one or numerous individual
characteristics on the unknown bloody footwear impression on
the paneling and the test impression of the bottom of this shoe.
Number one is a little nick in a circular area in the ball of the shoe
area.

* * *

Again, I can point out eight different areas in — for instance,
number five on the heel area I circled an area, and they are basically
two or three individual cuts or gouges within that small circular
area there. What I also do when I’m comparing is * * * look
microscopically or very close at each of these individual charac-
teristics to make sure that the cut or gouge, the outlying contours
are the same between the unknown and the known.

* * *

Of course, you look closely you can see that the * * * the class
characteristics are also the same. You have the small linear bars in
the heel area with a type of rectangular squares in both the un-
known and the known.

* * *

So I was able to determine, by looking that the class, in other
words, the type of pattern, is the same and the number of indi-
vidual characteristics being the same, was able to positively say
that the footwear impression — laid footwear impression on the
paneling was positively made by the left shoe of People’s Exhibit
No. 5.52

Peck then demonstrated to the jury how he matched each individual
shoeprint impression found on the paneling to each of defendant’s shoes and
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that based on wear characteristics of the two pieces of wooden paneling, he
was able to align the wood as it was aligned at the murder scene. 

At the close of the state’s case, the court noted, defendant renewed his
motion, requesting funds to hire a shoeprint and fingerprint expert and the
trial court again denied it. During closing arguments, the prosecutor stated
that (t)he most important evidence in this case is the scientific evidence which
was presented to you and that (t)he single, strongest piece of evidence in this
case, and it’s a piece of evidence that you can’t get around, is that piece of wood
with defendant’s fresh footprints in it.

Considering that record before it, the Illinois Supreme Court ruled that
there was no question that defendant’s indigence was established or that the
opinion of a shoeprint expert was necessary to proving a crucial issue in the
case and that defendant was prejudiced without such assistance. The expert’s
opinion of the shoeprint evidence, as acknowledged by the prosecutor, was
also the strongest evidence presented by the state because it was the only
evidence capable of establishing defendant’s actual presence at the scene at
the time of the murder. The state’s remaining evidence consisted of highly
inconsistent eyewitness testimony and circumstantial witness testimony
going only to motive and opportunity.53

Footwear-Impression Testimony

Another important and comprehensive case in the footwear area is another
decision by the Illinois Supreme Court in People v. Campbell,54 where the
defendant was charged with residential burglary. The case warrants extended
discussion here.

Jeffrey Miller testified that on the evening of March 9, 1989, when he
returned home from work, he found the front door wide open, most of the
lights inside the home on, the house in disarray, and there were wet, muddy
footprints throughout the living room and kitchen. Bills, which he had placed
on the kitchen table that morning, were scattered over the kitchen and living
room floors. When Miller and his roommate left home, however, only a small
lamp in the living room had been left burning. Miller noticed also that a
television and VCR *370 were missing. He then summoned the police. At
about 10:30 p.m., after police completed their investigation, Miller left the
house and picked up Buchanan from work.55 Miller testified that when he
arrived there were wet, muddy prints on the linoleum kitchen floor and on
the living room carpet. 

During his investigation, police officer Provensale found an empty Illi-
nois Bell Telephone bill envelope lying on the floor in the living room/dining
room area and there was a shoeprint on the envelope. Provensale examined
Miller’s shoes, as well as those of the other investigating officers at the scene,
and concluded that their shoes did not match the print on the envelope.
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Officer Richard Fonck testified that on March 12, 1989, he was on duty
as an evidence technician at the Joliet police station when he encountered
defendant, who was at the station on an unrelated matter. Officer Fonck
noticed that defendant was wearing tennis shoes, which when compared to
a photograph taken by Provensale of the print on the telephone bill envelope,
appeared similar in design. Fonck secured defendant’s shoes, and forwarded
them to the state crime laboratory for examination.56

A forensic scientist employed by the Illinois State Police Crime Labora-
tory, Walter Sherk, testified that he had been with the forensic bureau of the
crime lab for about 14 years, working in the specific area of firearms, tool
marks, and shoeprints. He further testified that he received a bachelor’s degree
in forensic science, had two years’ on-the-job training in his field of expertise;
had attended a Federal Bureau of Investigation course in shoeprint identifica-
tion; and that he attended annual lectures and meetings regarding shoeprint
identification. In his career, he had performed approximately 300 shoeprint
comparisons and testified in approximately 15 cases on his shoeprint analyses.57

The expert testified that, for purposes of shoeprint analysis, class char-
acteristics refer to the size and pattern of the shoe, and individual character-
istics refer to such things as nicks, cuts, and scratches, which were picked up
after the shoe has been worn over a period of time. In comparing shoeprints,
a forensic shoe impression analyst looks for both types of characteristics.
Here, he testified that the Illinois Bell envelope bore two separate shoe
impressions made by what appeared to be dust or dirt. He performed a
comparison of the Nike brand tennis shoes taken from defendant with the
prints on the envelope, and on the basis of dissimilar patterns, he concluded
that the smaller of the two prints on the envelope could not have been made
by defendant’s shoes.

The expert then made a “test print” from defendant’s right shoe for com-
parison with the larger print on the envelope, by inking the sole of the shoe
and stepping on white paper. The larger print showed two-thirds of the middle
portion of a shoe. Based upon his comparison, Sherk found the shoe size and
patterns consistent with defendant’s shoe. In addition, he identified six
matching individual class characteristics. From this analysis, he testified that
he could positively identify defendant’s right shoe as having made the larger
shoeprint on the envelope.58

On cross-examination, he testified that there was no requisite number
of characteristics necessary for identification, because each identification
depended upon the uniqueness of the individual characteristics. Depending
on what the marks look like, he continued, an identification could be made
based on as little as two or three marks. He further testified that he could
say neither where the envelope was when the print was made, nor when the
print was made.
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The expert observed that if a shoe is worn for some period of time after
the shoeprint was placed on an exhibit, some change in the shoe’s character-
istics could occur. On cross-examination, the following exchange occurred:

Q. Defense attorney: Are there any dissimilar points in the shoe
and in the print on the envelope?

A. There are points, yes. There are dissimilarities, obviously, that
may not show up on the test print or the evidence.

* * *

Q. I’m saying did you find some dissimilar points, some things
that were on the envelope that weren’t on the shoe? *373

A. Well, there may be, but I didn’t look for dissimilarities. I mean.
It’s granted that there are dissimilarities in the shoe. There are
points that are not going to possibly match up. You’re talking
about the wear, after the shoe print was on the shoe. And there
may be —

The court: * * * How can you know if a dissimilarity is wear or
how can you know if a dissimilarity was there before or after the
offense? 

There are a number of factors that come into play. There could
be dirt on the portion of the shoe that is not there when I have
the shoe that was there at the time the shoe print was made.

The court: But how would you know that?

I don’t know that, if there was or there wasn’t.

Q. Would you presume that if there was a dissimilarity?

A. I would presume it could be that, or it could be the fact that
the shoe was worn after the shoe impression was made, and there-
fore it changed.

* * *

If you have the correspondence of individual characteristics that
are present on both, you have to assume the envelope was smaller
because it was a smaller size shoe or just a smaller print because
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of the way it was on the envelope. He responded that it was just
a smaller print; to distinguish it from the larger print on the
envelope.

Q. So, you can’t tell us here now whether there is any dissimilar
things on the print on the envelope and the shoe print?

A. Well, again, I didn’t mark and specifically identify any dissim-
ilarities. There may well be some though.59

During cross-examination, the trial judge asked the expert whether he
meant that the second print on the envelope was smaller because it was a
smaller size shoe or just a smaller print because of the way it was on the
envelope. He responded that it was just a smaller print, to distinguish it from
the larger print on the envelope.

Initially, the court noted that research had not revealed any recent Illinois
case that addressed whether shoeprint evidence, standing alone, was suffi-
cient to convict. It is the case in both state and federal courts that forensic
evidence alone, with the possible exceptions of ballistics and fingerprints, to
be soon joined by DNA evidence, are insufficient to sustain a conviction.60

The court noted defendant’s argument that the strength of the expert’s
opinion on the similarity between the shoe and the test print was subject to
doubt because, unlike fingerprint, bite-mark or ballistics evidence, shoeprints
lacked original uniqueness and that their characteristics change over a period
of time, which should result in a general distrust of shoeprint evidence. The
court refused to find shoeprint evidence unreliable, as a matter of law:

We believe that where there are significant general and individual
characteristics, such as would provide a basis for a positive iden-
tification, shoeprint evidence may be as reliable and as trustworthy
as any other evidence. Indeed, our review of the relevant case law
lends no support to defendant’s argument that shoeprint evidence
is “generally distrusted.” We note that in Illinois, correspondence
of footprints found at the scene of a crime with the sole of one
accused of the crime has long been admissible as competent evi-
dence in an attempt to identify the accused as the guilty person…
It simply does not follow that because, as defendant concludes,
shoeprint evidence lacks the “original uniqueness” of certain other
types of demonstrative evidence, it is untrustworthy.61 

The court — while acknowledging that “general problems” with the
probative value of shoeprint evidence may arise in a particular case where
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an attempt is made at positive identification of an accused in the absence of
sufficient unique, distinctive characteristics — found no “general problems”
with shoeprint evidence such as would support a conclusion of unreliability
as a matter of law.62

The court took note of the fact that most shoes today have been mass
produced, and identical shoes may be sold to many people, and that new
shoes generally differ very little from one to another. Therefore, pattern and
other general characteristics, alone, would seldom be sufficient for identifi-
cation purposes. However, the court recognized, when shoes are worn, even
for a limited period of time, the soles begin to show peculiar signs of wear,
nail marks, cuts, and other accidental markings. Consequently, shoeprints
may offer sufficient individual, unique markings and characteristics upon
which to base a positive identification.63 

In this case, the court recalled, the expert testified not only to the general
pattern and size of the shoe, but also to peculiar signs of wear, and thus, the
evidence here did not suffer for lack of evidence of peculiarities. 

Finally, the defendant argued that the time between the occurrence of
the crime and the police seizure of his shoes, wherein the shoes had been
worn, may have resulted in a coincidental accumulation of any so-called
distinguishing features. The court rejected any such argument:

We find it unlikely, as apparently did the trial court, that the six
similar individual characteristics could all be the result of coinci-
dence. Were there only one similar characteristic, we would be
more inclined to accept this argument. However, we believe that
even one individual characteristic, depending on the nature and
uniqueness, could be enough for a valid comparison. Defendant
urges another point on the issue of coincidence as it relates to the
lack of evidence of dissimilarities. He states that the expert “ig-
nored” dissimilarities, explaining that any dissimilarity would be
attributable to wear upon or injury to the shoe occurring after the
test print had been impressed. Defendant argues that if subsequent
wear caused dissimilarities, it is reasonable that the same wear
attributed to “coincidental” similarities. He further maintains that
because the expert “ignored” the dissimilarities, the appellate
court properly discounted his comparison.64

The court noted that in shoeprint comparison, the first step in the analysis
was to note any fundamental differences between the shoe and the shoeprint.

A fundamental difference was one such as size, shape, or make that
precludes any further comparison. Absent fundamental differences, points
of similarity were located and recorded, and explainable dissimilarities were
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differences between the shoe and the shoeprint that may have resulted from
dust or dirt.65

Defendant also attempted to analogize fingerprint evidence to shoeprint
evidence by pointing out that fingerprint analysis depended upon similarities,
and that a dissimilarity between a test print and a defendant’s fingerprint
defeated an identification. It would seem, defendant opined, that the same
should be true for interpretation of the far less precise science of shoeprint
impression analysis. The court also quickly rejected this argument, observing
that fingerprints do not essentially change and no two fingerprints are the
same. Shoeprints, on the other hand, as conceded by the defendant, do
change. Therefore, while a dissimilarity in a fingerprint may not be subject
to explanation, such was not the case with shoeprint evidence.66

Defendant also argued that a comparison consisting of only six individual
characteristics was far too few upon which to base any credible match testi-
mony. The court noted that there were revealed no cases that expressly state
a requisite number of points of similarity for either shoeprint or fingerprint
evidence. The court also noted that cases with varying numbers of points in
fingerprints ranging from 4, 5, 10, and 20 had been approved.67 In this case,
the court concluded, the expert testified that the six individual characteristics
were a sufficient number upon which to base a positive identification.68

Finally, defendant contended that in order to connect the defendant with
the offense, as with fingerprint evidence, there must be proof that the shoe-
print was made at the time the offense was committed. The court agreed,
stating:

(D)efendant is correct in his assertion that in order to sustain a
conviction solely on fingerprint evidence, fingerprints corre-
sponding to those of the defendant must have been found in the
immediate vicinity of the crime under such circumstances as to
establish beyond a reasonable doubt that they were impressed at
the time the crime was committed… Further, we agree with de-
fendant that the same time/placement requirement should exist
for shoeprint evidence. However, in either case, the state is not
required to seek out and negate every conceivable possibility that
the print was impressed at some time other than during the com-
mission of the offense. In some cases, evidence of the particular
location of the fingerprint satisfies the time/placement require-
ment, as does the prosecution’s proof of the chain of contact of
the touched item, which would show that the item could have
been touched only at the time of the crime… Additionally, atten-
dant circumstances may well support an inference that the print
was made at the time of the commission of the offense.69



310 Forensic Evidence: Science and the Criminal Law, Second Edition

Here, the court determined that there were sufficient attendant circum-
stances to support the inference that the shoeprint was made at the time the
offense was committed, inasmuch as Miller testified that when he left the
house for work, the Illinois Bell envelope was on the kitchen table. He gave no
permission to anyone to enter the house during his absence and upon his
returning home, the envelope was on the floor. The expert testified that the
shoeprint on the Illinois Bell envelope shared sufficiently similar individual
characteristics with shoes in the possession of the defendant for him to make
a positive identification. This evidence, the court stated, while not conclusive
on the issue of when the print was impressed, has some tendency to establish
that the defendant was at the scene of the crime, and further that the impres-
sion was made at the time the offense was committed.70

In People v. Robinson,71 another case dealing with foot impressions on
paper products, defendant was convicted of a first-degree murder and an
armed robbery committed while he was a prisoner at the Stateville Correc-
tional Center. He was accused of murdering a fellow inmate and stealing his
cigarettes. When Officer Jessie White came out of the commissary, she found
the victim’s body. It was subsequently determined that the victim died from
a severe head injury due to blunt-force trauma. A partial shoe impression
was found on a paper sack on the floor of the commissary.

Walter Sherk, an expert in footprint comparisons, testified that he com-
pared the footwear impression on the paper sack with the boots recovered
from the defendant and stated that while the boots recovered from the defen-
dant were standard issue at the Department of Corrections, the impression
was consistent with defendant’s right boot. Defendant alleges that the prose-
cutor misstated the boot-impression testimony of the state’s expert witnesses.
Specifically, the defendant objected to a statement in the prosecution’s closing
that defendant’s boot impression was found in the commissary. The prose-
cutor had said:

The important thing about what Walter Sherk said (the state’s
expert in footprint comparisons) is the boot (imprint) is consis-
tent with the boots that Wesley is wearing. But the most important
thing Walter Sherk said is they’re the same size boots as Wesley.
So what we’re saying is that Wesley is not eliminated by the boot
impression.72

The court determined that the remarks in the present case did not have
to substantially prejudice the defendant. This correct statement regarding the
relevance of the boot impression effectively alleviated any harm that was done
by the immediately following isolated boot-imprint statement to which the
defendant complained.
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VI. Footwear Trails

An example of expert William Bodziak’s advice to trace the dynamics of the
crime scene as a means of locating foot impressions, may be seen in the case
of State v. Washington,73 where defendant was convicted of simple burglary.
Police received an anonymous call reporting that someone was coming in
and out of the True Hope Church of God and Christ. The caller said that the
man was dressed in a red jacket, blue jeans and a plaid shirt. When Deputy
John Baptiste arrived on the scene, he saw a man in the field next to the
church. After returning to the church with the defendant, a police officer
entered the church and observed a piano with a footprint on it and testified
that the burglar would have stood on the piano to remove the speaker that
was tied to the ceiling. The officer compared the shoes that the defendant
was wearing to the footprints and observed that they were a visual match.

Another deputy observed a footprint in the mud outside the church’s
kitchen window. She, too, saw the footprint on the top of the church’s piano.
When the officers brought the defendant back to the church after he was
stopped, she compared the defendant’s shoes with the prints and concluded
that the impression in the ground and the one on the piano and another
near the amplifier were all made by defendant’s shoes.74

Many cases have been reported where mention is made of police having
followed footprints or bootprints made in the snow to track a perpetrator.75

Less common are cases where an attempt has been made to present linking
evidence regarding an impression in snow that was either preserved, or more
commonly, where police testify to a visual match between a snowprint and
the defendant’s footwear.76 A number of articles have been published on the
subject of the preservation of shoewear impressions made in snow.77 

In the footwear area, as with all others, too often the admissibility of
such evidence is effected without any serious challenge. Nonetheless it, like
the other areas of forensics, carries very significant circumstantial weight in
the midst of a variety of nonforensic evidence.

In State v. Delucca,78 defendant was convicted of armed robbery, conspir-
acy to commit armed robbery, and weapons offenses. On December 20, 1995,
at approximately 8:15 p.m., a car stopped near a gasoline station and an
armed man exited the vehicle and walked into the food store and demanded
money from the owner. The perpetrator beat the victim and fled. Police
Officer Steven Gonzalez responded to a police dispatch and went to the crime
scene. As Gonzalez headed in the direction where a witness reported the
suspect in the street, he noticed footprints with a distinctive pattern in the
snow. Gonzalez testified that there was about 12 inches of snow, and that the
temperature was “possibly below zero” the night of the incident. He further
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testified that the footprints appeared “consistent” and described them as a
“vibrum type sole, a particular, like a triangular like pattern of the wearer.”79

The appellate court held that the trial judge did not err in allowing Officer
Gonzalez to testify about footprints found in the snow, because a nonexpert
may give an opinion on matters of common knowledge and observation. The
testimony of a police officer regarding his observations of footprints in the
snow and his conclusion that the footprints were similar to the prints left by
defendant’s boots is not a matter of expert opinion.80

VII. Indirect Proof of Footwear Impression

In State v. Matney,81 defendant was convicted of first-degree murder, armed
criminal action, and first-degree robbery. The bodies of Cecil Phillips and
Ethel Phillips were discovered inside their house at Malden, Missouri, late in
the afternoon of December 18, 1996. Mrs. Phillips had multiple stab and slash
wounds to the head, neck, and upper part of her body. Mr. Phillips had
multiple skull fractures and incisions to the neck. Evidence officers discovered
blood smears and spatter on the wall and footwear impressions in bloodstains
on the carpet near the feet of the victim. The footprints in the carpeting were
photographed and sections of the carpeting with the bloodstained footprints
removed. There was a bloodstained vacuum cleaner in the hallway.82

A police officer who participated in the search of defendant’s residence
testified that he seized an empty boot box from underneath a bed, but did
not locate the boots that belonged with the box. The box was for “Brahma
brand, Canyon Split, size 8 boots.”

Andy Wagoner, a firearms and tool marks examiner at Southeast Mis-
souri Regional Crime Laboratory, testified that he received the part of the
carpet from the Phillips’ house that had bloody footprints and compared the
imprints on the carpeting with the tread on the soles of a pair of Brahma
brand, Canyon Split, size 8 boots secured from a Wal-Mart store for that
purpose. Mr. Wagoner testified as follows:

Q. Okay. And what were your findings with respect to the com-
parisons that you made?

A. The findings were that the lug design of the outer sole on the
boots that were submitted produced a similar lug design as that
on this carpet.

Q. Now, would you be able — do you have any opinion as to a
reasonable scientific certainty as to whether there are class com-
parisons that are a match?
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A. Yes.

Q. And what is that opinion?

A. The class comparisons of the lug design as well as the measure-
ment of the width are the same.83 

Pamela Johnson, a criminalist employed by Southeast Missouri Regional
Crime Laboratory, testified that she compared fingerprints of defendant to
an unidentified fingerprint from the tags that were inside the boot box
recovered from defendant’s residence. She gave the opinion that “the latent
print that was on the tag that was contained inside Item 18 (the boot box)”
was made by the left index finger of defendant.

In Miller v. State,84 defendant was convicted in the District Court, Okla-
homa County, of first-degree murder and sentenced to death. Kent Dodd
worked as the night auditor for the Central Plaza Hotel located in Oklahoma
City. Dodd registered a guest at approximately 3:15 a.m. on September 17,
1994, and soon after he was attacked by an assailant who stabbed him repeat-
edly, beat him with hedge shears and a paint can, and poured muriatic acid
on him and down his throat. Bloody footprints were found near the body of
the victim. Defendant Miller had worked as a maintenance man at the Central
Plaza Hotel for two weeks about a month before the murder and had known
the victim under an alias, Jay Elkins. 

All of the evidence against George Miller was circumstantial. Experts
testified that Miller’s sandals could have left the bloody footprints found at
the scene, but could not be exclusively identified. A microscopic drop of
blood found on Miller’s sandal was consistent with Dodd’s blood, but also
could not be exclusively identified. Miller told police he was at home with
his wife at the time of the murder. Photographs of the crime scene revealed
what appeared to be finger writing in the blood on the floor and wall what
could be the letter “J” and the word, “Jay.” The court stated that while Miller
correctly pointed out that no eyewitness, fingerprint, or hair evidence con-
nected him to the crime and no blood evidence conclusively placed him at
the crime scene, there was a substantial amount of circumstantial evidence
against him.85

The state’s shoeprint expert, FBI criminalist Sarah Wiersema, created an
acetate overlay of a life-size imprint of the sole of Miller’s sandal, state’s
Exhibit No. 96. During her testimony, she placed it over a life-size photograph
of a bloody shoeprint found at the scene of the crime. The size and shape of
the prints matched. The defense objected on the grounds that the overlay
had not been provided to the defendant prior to trial. The trial court over-
ruled the objection and admitted state’s Exhibit No. 96 on the grounds that
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the state had provided the defense with the sandal, the state’s photograph of
the sandal’s sole, and photographs of the bloody footprints left at the scene:

The court found the evidence sufficient to sustain the conviction:

Bloody footprints left at the scene could have been made by san-
dals owned by Miller. The state’s expert carefully explained that
while the size and “interlocking dog bone” pattern of the sole was
“consistent” with the footprints found at the scene, Miller’s sandal
could not be identified conclusively as the source of the print, for
no unique flaws in the sole of the sandal were present in the
footprint. The expert explained blood is an imperfect medium for
the forensic identification of footprints, for it fills in the very flaws
used for exclusive identification.86

Consistency between the sole of Miller’s sandal and the crime scene
footprint was sufficient to meet the evidentiary standard of relevance.

VIII. Tire Impressions 

Tire impression evidence obtained at a crime scene and compared to tires of
a vehicle associated with the defendant are often key circumstantial evidence
of guilt. The extensive tire tread evidence presented in the 2004 Cecil Suth-
erland murder case discussed in Chapter 2 may serve as a striking example.
Several more examples of tire-tread matching in recent cases are described
next, affirming the significant amount of tire tread information that is avail-
able for analysis.87

United States v. Johnson,88 a 9th Circuit case, is a typical example of the
routine acceptance of tire tread expertise. Defendants were convicted on 19
counts relating to drug conspiracy, including 5 counts relating to murder.
The defendants were accused of multiple murders, but the evidence in ques-
tion stemmed from the murder of an individual the defendants believed had
stolen money from them. Defendants claimed, in part, that the trial court abused
its discretion by admitting expert witness testimony comparing the tire tread
impressions from the crime scene with the defendant’s car. Specifically, the
defendants claimed that the evidence was “prejudicial and inflammatory
because millions of the particular tires that made the tread marks were in
circulation and it was impossible to know when the tread marks had been
left at the scene of the crime.”

The court found the probative value of the tire tread impression evidence
outweighed its prejudicial or inflammatory value. The court noted that there
was other, collaborating evidence supporting the comparison, especially
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because a car matching the defendant’s car was seen leaving the murder scene.
In addition, the impression was taken right after the murder, the expert could
identify the tires based on the impression, and the type of tire was not
manufactured until 6 months before the murder. The court also considered
the likely number of vehicles with that tire make. In sum, the court agreed
with the trial court that the evidence had probative value, and it did not
reverse its admission.89 

In Wilson v. Cockrell,90 a 2002 Texas N.D.Tex. case, defendant was con-
victed of murder and sentenced to death. The Court of Appeals ruled that
the evidence supported the defendant’s conviction. In regard to the tire
impression evidence, the court noted that the defendant admitted to driving
a vehicle with two different types of tires, “tires that matched the tire tracks
on the victim’s body” and had “a large amount of human hair on its under-
carriage.” An expert witness testified that he could not conclusively state that
the hair belonged to the victim, but he did find that the hair was consistent
with the victim and that fibers on the undercarriage matched fibers from
inside the car. Another forensic expert also stated that the tire tracks on the
victim’s body were made by two different types of tires, and, while he also
could not conclusively testify that the tires belonged to the defendant’s car,
one type of tire impression was very unique. Taken with the other evidence
in the case, the court found that the faulty tire impression evidence was
harmless error.

In the 2004 Nebraska murder case, State v. Hernandez,91 the victim,
Mindy Schrieber, was murdered during a robbery at her place of employment.
The cause of death was multiple stab wounds, and she had additionally been
driven over by a vehicle. In connection with the death, Hernandez and Luis
Fernando-Granados, also known as Luis Vargas, were later charged and con-
victed for first degree murder and use of a deadly weapon to commit a felony.
Based on a lead from a discovered phone number, Sgt. Mark Gentile went
with another officer to the 31st and California Streets area and then to
Hernandez’ address, where they located a Ford Escort in a parking lot; the
vehicle was registered to Hernandez. The officers compared photographs of
tire tread taken from Schrieber’s pants to the left front tire of the Escort. In
an application for a search warrant, the officers averred that the Escort was
blue and that the tire tread matched. The officers examined the vehicle’s
undercarriage and averred in the warrant application that it matched an
imprint on Schrieber’s pants. The officers also observed small, thick, tissue-
type substances splattered on the undercarriage in the same general area as
a red and brown substance. The officers believed the substances to be bodily
fluids such as blood and body tissue.92

Tire tread impression analysis works on principles quite similar to shoe
impression analyses, i.e., style, brand and class, and individual wear pattern
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and other use factors.93 A respectable number of reported decisions address
this mode of forensic identification.

In People v. Sutherland,94 defendant was convicted of aggravated kidnap-
ping, aggravated criminal sexual assault, and murder, and was sentenced to
death. The case arose out of the brutal sexual assault and murder of a 10-year-
old child. Among many other types of forensic evidence, the court admitted
tire casts testimony.

Illinois State Police Forensic Scientist David Brundage examined the
plaster casts of the tire print impressions made at the scene of the crime. He
concluded, and testified at trial, that the tire impressions left at the scene
were consistent in all class characteristics with only two models of tires
manufactured in North America, the Cooper “Falls Persuader,” and the Cooper
“Dean Polaris.”

Several months after the discovery of Amy’s body, the police at Glacier
National Park in Montana called Jefferson County Deputy Sheriff Michael
Anthis regarding Cecil Sutherland’s abandoned car, a 1977 Plymouth Fury.
At the time of Amy’s murder, Sutherland had been living in Dix, Illinois, in
Jefferson County, on the county line between Dix and Kell. Deputy Anthis
determined that the car in question had a Cooper “Falls Persuader” tire on
the right front wheel. Deputy Anthis and David Brundage then traveled to
Montana where they made an ink impression of the right front wheel of
Sutherland’s car.

After comparing the plaster casts of the tire impression at the scene with
the inked impression of the tire from Sutherland’s car, Brundage concluded
that the tire impression at the scene corresponded with Sutherland’s tire and
could have been made by that tire. Brundage, however, could not positively
exclude all other tires due to the lack of comparative individual characteris-
tics, such as nicks, cuts, or gouges.95

Similarly, Mark Thomas, the manager of mold operations at the Cooper
Tire Company, concluded that due to the “mal” wear similarity, Sutherland’s
tire could have made the impression found at the crime scene. Thomas
compared the blueprints of Cooper tires with the plaster casts of the tire
impressions and concluded that the “probability” was “pretty great” that a
size P2175/B15 tire — the same size as Sutherland’s Falls Persuader tire —
had made the impression. He conceded, however, that there was a significant
number of such tires on the road.96

In People v. Davenport,97 defendant was convicted before the Superior
Court, Orange County, of murder in the first degree with the special circum-
stance that the murder was intentional and involved infliction of torture. The
jury fixed defendant’s sentence at death

Gayle Lingle, the victim, spent the evening of March 26, 1980, at the Sit
’N Bull Bar in Tustin. Between approximately midnight and 1 a.m., she and
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defendant left the bar. The victim’s body was found the next morning lying
in a large, uncultivated field south of the I-5 Freeway near Tustin. The victim
suffered extremely violent injuries prior to death at the hands of her attacker.
There were motorcycle tracks in the area.

Defendant owned a “350 cc” Honda motorcycle, and his nickname was
“Honda Dave.” The prosecution produced three eyewitnesses who placed a
motorcycle similar to one owned by defendant at the murder scene between
12:30 and 1:30 a.m. on March 27. Three expert witnesses testified to facts
that connected defendant’s motorcycle to the crime. 

Jack Leonard, the production manager for the International Sport and
Rally Division of Dunlop Tire Company, testified that the tracks of the rear
tire at the crime scene had the same highly unique and distinctive charac-
teristics as the rear tire of the motorcycle. Both were Dunlop-brand motor-
cycle tires, size 4.00-18 with a K-70 tread pattern, and both were characterized
by a rare defect in a portion of the tread pattern known as the cross-slot.
The degree of wear of defendant’s tire was consistent with the tracks at the
scene. The track of the front motorcycle tire at the scene showed a tread
pattern that he recognized as a Bridgestone tire, similar to the front tire on
defendant’s motorcycle.98

IX. Bite-Mark Impressions

A relatively recent phenomenon in the general area of impression expertise
is the forensic odontology specialty of bite marks. While it is still controver-
sial, an increasing number of courts are accepting bite-mark testimony as a
scientifically sound basis for attempts to link a suspect to a crime scene,
typically in homicide and sexual assault settings.

Bite marks often accompany especially violent rape homicides. The con-
text of bite-mark testimony fits a very recent case, a violent sexual assault
and homicide involving the use of a retired FBI profiler of violent crimes,
which leads into the next discussion. It is an opportunity to illustrate the
common use of profiling expertise, and its limitations, in such cases.

In State v. Fortin,99 a 2004 Supreme Court of New Jersey decision, 25-year-
old Melissa Padilla failed to return home after a brief trip to the store. Soon
thereafter, Padilla’s body was found 500 feet from the motel where she and
her family resided, inside one of four concrete 30-inch pipes, which lay on
the path Padilla had taken to and from the store.

An autopsy was conducted the next day. Dr. Schuster determined that
Padilla had suffered numerous injuries, including a broken nose and bruises
to her face and chest; lacerations to her chin and left breast that were possibly
bite marks, and other serious sexually related injuries.100
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Dr. Lowell Levine, the state’s forensic expert in odontology, compared
photographs of the marks on Padilla’s chin and breast to molds of Fortin’s
teeth. Levine concluded to a “high degree of probability” that Fortin made
the bite marks found on Padilla’s chest. Levine, however, conjectured that
Fortin “could have” been responsible for the bite mark on Padilla’s chin.
Dr. Norman Sperber, the defense’s forensic odontologist, stated that bite-
mark comparison is an imprecise science, far less reliable than DNA analysis
and identification through dental records. Sperber opined that the injuries
to Padilla’s breast and chin probably were not bite marks and, if they were,
they could not be attributed to Fortin.

The state introduced Robert R. Hazelwood, a retired FBI agent and expert
in violent sexual crimes, to catalogue the similarities between the crimes
committed on an earlier occasion against a Trooper Gardner and Padilla. The
purpose of Hazelwood’s testimony was to show that the manner in which
the two crimes were committed was so unique that only one person com-
mitted both crimes. That Fortin had sexually assaulted Trooper Gardner was
not disputed.

At trial, Hazelwood focused on motive, modus operandi, and signs of
ritual, finding unique similarities between the two crimes on all three grounds.

First, Hazelwood concluded that both crimes were motivated by anger.
In support of that conclusion, Hazelwood cited the evidence that both Padilla
and Gardner were severely beaten, both were bitten and manually strangled,
and both suffered serious anal injuries. Second, Hazelwood found 17 simi-
larities in the modus operandi of the two crimes. The similarities were:
(1) both crimes were “high risk” for detection, (2) committed impulsively,
(3) against female victims, (4) of the same age range (25–34); (5) both were
crimes of opportunity against victims who crossed the offender’s path,
(6) adjacent to or on well-traveled roadways, (7) at night, (8) while the
victims were alone, and (9) the attacks occurred at the same location as
the initial confrontation; (10) both crimes involved the use of blunt force
consistent with blows from fists, (11) without weapons, (12) that caused
primarily facial trauma, and (13) broken noses; (14) in both crimes the
victims were undressed from the waist down, (15) their undergarments were
found inside their pants or shorts, (16) their shirts were left on but their bras
removed, and (17) there was the absence of any fresh seminal fluid in or on
their bodies. Hazelwood testified that he had never before seen all 17 of these
characteristics present in any crime other than those committed against
Padilla and Gardner.101 

Finally, Hazelwood testified about ritualistic behaviors present in both
crimes. He defined a ritual as a “repeated pattern of behavior” “comprised
of those acts unnecessary to the commission of the crime” that “complement
[ ] the underlying motivation of the crime.” According to Hazelwood, rituals
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are “designed for one single purpose, psychosexual gratification.” Hazelwood
found “five ritualistic behaviors that were similar between the two crimes”:
(1) bite marks to the chins, (2) bite marks to the left breast, (3) injurious
anal penetration, (4) facial battering, and (5) manual, frontal strangulation.
Hazelwood concluded that he had not seen the same combination of ritual-
istic behaviors in his work over the course of his 30-year career. He also stated
that he had never seen the particular combination of modus operandi and
ritualistic behaviors “in any other crime and I’ve never heard of it and I’ve
never read of it.”102

Hazelwood never produced a database of cases from which he made his
comparisons and derived his conclusions, as ordered by the Court of Appeals
as a precondition to his testimony. Accordingly, defendant argued that the
trial court should not have permitted Hazelwood to testify in light of his
failure to comply with the Court’s discovery order. Without the database,
defendant argued that he was denied, in essence, his constitutional right to
confront Hazelwood on the terms required by this Court and, therefore, his
right to a fair trial.

The defense had requested a “comprehensive listing” of the 4,000 cases
referred to in Hazelwood’s motion testimony, including the names of the
cases, their locations, copies of police reports, the evidence reviewed by
Hazelwood, and copies of his interviews. The defense also requested a listing
of the crime scenes Hazelwood had visited and any database he had relied
on in formulating his opinion on the unique characteristics between the
Gardner and Padilla crimes.

Hazelwood responded, through the prosecutor, that he neither had a list
of the files of those cases that he had investigated during his years in law
enforcement, nor access to them, and that “(n)o database, evidence or sci-
entific studies were reviewed in forming (his) opinion.” He professed to have
“relied upon (his) experience, education and training in arriving at (his)
opinion.” 

The prosecutor explained that Hazelwood’s opinion would be “based on
his life’s work as a military policeman, FBI special agent, violent crime analyst,
sex crimes specialist, behavioral scientist, author, consultant on violent sex
crimes around the world and distinguished national and international lec-
ture(r) on violent sex crimes.” Defendant responded by moving for either
the production of the database or the preclusion of Hazelwood’s testimony.103

The court rejected the State’s argument the defendant somehow had the
burden of gathering such information itself:

Defendant was not required, as suggested by the State, to assemble
Hazelwood’s database by researching his publications and tracking
down all or some portion of the relevant 7,000 cases that he
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investigated over the course of his law enforcement career. Surely,
Hazelwood — an author of five books and scores of articles, a
university adjunct faculty member, a frequent lecturer, a former
FBI agent, and former member of the FBI Behavioral Science
Unit — could have compiled some manner of database of cases
on which he had based his conclusions. We cannot agree with the
trial court that Hazelwood’s reference to his experience, training,
and education was a substitute for a “database of cases” or that
the failure to provide such case information only went to the
weight to be given to his opinion, rather than its admissibility.104

Hazelwood’s testimony, although presented as the application of
criminal investigative techniques, was couched in the aura of science,
more particularly, behavioral science. He was permitted to testify to
his understanding of the state of mind of the perpetrator, who he
described as impulsive, motivated by anger, and driven by the need
for “psychosexual gratification.” A very thin line demarcated the
boundary between linkage analysis, which this Court found not to
have achieved an acceptable level of scientific reliability, and the
uniqueness analysis that this Court permitted as a subject of expert
testimony.105 

The court decided that Hazelwood’s database should have consisted of
violent sexual assault cases that he had investigated, studied, or analyzed
during his professional career, and the peculiar modus operandi and ritual-
istic characteristics of those crimes. Such a database, the court stated, would
have provided some basis for verifying the frequency of sexual assaults in
which perpetrators bite the faces or breasts of their victims, or manually
strangle them, or engage in high-risk attacks, to name but a few of the
characteristics Hazelwood found distinctive in this case. The court stressed
that Hazelwood need not present a complete database of his total career:

If Hazelwood was correct about the unique combination of char-
acteristics that the Gardner and Padilla assaults had in common,
the database would have strengthened and validated his conclu-
sions. The jury also was entitled to know if there were any flaws
in his analysis.

We do not suggest that the database had to be comprised of all of
the cases investigated, studied, or analyzed by Hazelwood, or even
a majority of them. We understand that it might be overly bur-
densome or impossible to construct such a record if he were not
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keeping such records on a running basis and if he truly were
denied access to the records by other law enforcement authorities.
Hazelwood, however, holds himself out as an expert in this field
and presumably has kept records for the purpose of conducting
research, publishing articles and books, and presenting lectures.
We believe that if he had the will to do so, he could provide some
credible database for submission to the trial court.106

The database, at a minimum, the court ruled, must permit an acceptable
basis for comparison, while not prepared on the present record to say what
number of cases would constitute a sufficient database. That determination
we leave to the trial court, which must conduct a hearing, to determine what
number of cases could be reconfigured within reason and what number of
case comparisons is necessary to give the opinion validity.

Accordingly, the court concluded that the trial court committed revers-
ible error in permitting Hazelwood to testify absent the production of a
reliable database.107 

X. Bite Marks: Enhanced Imaging and Overlays

In State v. Swinton,108 a 2004 Connecticut Supreme Court opinion, defendant
was convicted of murder, where bite marks were present on the victim’s body.
The case contains an extensive discussion of computer-generated bite-mark
images and the accompanying foundation requirements. The defendant
claimed that the trial court improperly admitted into evidence computer-
enhanced bite-mark photographs and computer-generated exhibits without
a proper foundation. Specifically, the defendant challenged the admissibility
of two separate, but related, pieces of evidence: photographs of a bite mark
on the victim’s body that were enhanced using a computer software program
known as Lucis, and images of the defendant’s teeth overlaid, or superim-
posed, upon photographs of the bite mark that were made through the use
of Adobe Photoshop, another computer software program.109

The defendant contended that the state did not present foundation tes-
timony on the adequacy of these two programs for the task of matching the
defendant’s dentition with the victim’s bite mark because the computer-
enhanced and computer-generated exhibits were introduced through experts
with no more than an elementary familiarity with the programs. Therefore,
the defendant argues, the admission of this evidence violated his constitutional
right to confrontation. The state responded that the exhibits were merely
photographic or illustrative evidence, not scientific evidence, and therefore
did not require the testimony of a witness who could explain the inner
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workings of the equipment that produced it to provide an adequate founda-
tion. The Court here concluded that the trial court properly admitted into
evidence the computer enhanced photographs, but improperly admitted the
superimposed images created by Adobe Photoshop.

At trial, the state presented several images of the bite marks that were
computer enhancements of a photograph taken at the victim’s autopsy. The
enhancements were created through the use of a software program called
Lucis. The state introduced the enhancements through Major Timothy Palm-
bach, overseer of the division of scientific services in the state department of
public safety. Palmbach has a master’s degree in forensic science, and exten-
sive experience in the forensic field. Palmbach had obtained the original
photographs for the purpose of enhancement from forensic odontologist
Constantine Karazulas. Because the state police did not possess the equip-
ment necessary to generate the digitally enhanced photographs, Palmbach
produced the computer-enhanced photographs at Lucis’ manufacturer’s
offices in New Britain, a company called Image Content Technologies. Palm-
bach explained that Lucis was developed in 1994 specifically for “scientific
applications,” but that experts had used it in forensic settings.110

During his testimony, Palmbach explained how the Lucis program works:

Simply put, what the program will do is it allows us to see image
detail that we normally couldn’t see otherwise. How it effectively
works is it takes advantage … of the fact that a normal photograph
… has many layers of contrast in it Your average photograph is
going to have around 255 layers of contrast in it. At best our eyes
are only capable of perceiving 32 layers of contrast…. So the net
result is our eyes see very, very little of actually what’s present
inside of the image itself. Now, what our eye tends to perceive as
far as contrast differences are … the major contrast differences.
We don’t have the ability with our own eyes to see the minor
contrast differences…. So what this program’s intent is … to allow
us to make a selection of a particular range of contrast…. And by
… narrowing (the) band of contrast layers down, we increase the
image detail. So we reduce the amount of layers that we’re looking
at. We’re not getting rid of them. We’re just saying we only want
to look at some of these layers at a particular time…. (T)he result
is the picture’s got tremendous detail…. At times we end up cre-
ating too much detail. We’ll get background noise. And it depends
upon what it’s on. And skin would be a good example. Because if
you imagined … magnifying (and) looking at all the fine detail
on your skin — the hairs, the pores, the wrinkles… it might
actually be very noisy looking. So then … we’ll tell the computer
to … stop showing us quite so much detail.111
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With the use of a laptop computer, Palmbach demonstrated to the jury
exactly how the original bite-mark photograph had been enhanced. Palm-
bach testified several times that nothing was added to or removed from the
photograph by the enhancement process. Palmbach described how he and
Karazulas had “tested” the accuracy of Lucis’ enhancement process by taking
a photograph of a bite mark that Karazulas had produced on his own arm,
enhancing that photograph, and then comparing the enhancement with the
original photograph.

Although much of Palmbach’s testimony concerned how the Lucis pro-
gram worked, he was not qualified as an expert in computer programs,
generally, or in Lucis specifically, nor was he qualified as a programmer.
Palmbach testified that he was not aware of how the computer makes the
distinction as to how many layers there are in an image, or what the algorithm
is, or how the algorithm actually sorts the layers. Although he testified that
error rates are a cause for concern within the scientific field, he had not seen
any published error rates concerning the Lucis program. Additionally, Palm-
bach testified that Lucis did not create any artifacts in its enhancement
process. Palmbach described an artifact as “an addition. It’s an artificial
component…. (D)uring the (enhancement) process, the process would create
something and do something that was never there to begin with.”112 

The defendant objected to the admission of the enhanced photographs,
arguing that Palmbach’s testimony laid an inadequate foundation. The state
argued that the Lucis-enhanced photographs were mere “reproductions” of
the photograph of the bite mark, and that their admissibility therefore should
be governed by the foundational standard for photographs. Under that stan-
dard, all that was required was that a photograph be introduced through a
witness competent to verify it as a fair and accurate representation of what
it depicts. The state further argued that the enhancements met this burden
because the authenticity of the original photographs was never questioned
and the testimony at trial was that the enhancements accurately reflected the
content of the originals.

The Connecticut Supreme Court initially observed that there was some
question as to whether what was at issue here was actually computer-generated
evidence. Currently, the court noted, there was no universal definition of that
term; many commentators, however, and some courts had divided computer-
generated evidence into two distinct categories of evidence: simulations and
animations.113

The court noted that the evidence at issue in the present case did not fall
cleanly within either category, but they determined it to be more than the
mere “enlargement of a photograph,” as the state argued. Enlargement, the
court observed, simply involves making the details of an image larger, whereas
the enhancement process in the present case “reveals” parts of an image that
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previously were unviewable. Research revealed that, of the few cases that
actually discuss the admission of computer-enhanced evidence, none explic-
itly qualified such evidence as “computer generated.”114 The court recognized
that the appearance of computer-generated evidence in courts was becoming
more common. Not only could the court anticipate what forms this evidence
might take, but also common sense dictated that the line between one type
of computer-generated evidence and another would not always be obvious:

Therefore, because in the present case, we cannot be sure to what
extent the difference between presenting evidence and creating
evidence was blurred, we let caution guide our decision. We do
not agree with the state’s proposition that the enhanced photo-
graphs in the present case are like any other photographs admitted
into evidence, and we determine that, to the extent that a com-
puter was both the process and the tool used to enable the
enhanced photographs to be admitted as evidence, we consider
these exhibits, for the purposes of this analysis, to be computer
generated. Although computer-enhanced photographs, and the
like, have surfaced as evidence in recent cases, both in Connecticut
and elsewhere, their admissibility apparently has not been chal-
lenged on a basic foundational issue such as in the present case…
We note, however, that similar computer enhancement has been
discussed in the context of other types of evidence. For example,
images from videotapes have been enhanced for evidentiary pur-
poses. Those jurisdictions addressing the issue of enhancement in
the context of videotape have permitted such enhancements as
evidence, and we find these cases instructive.115

The Court next addressed the admissibility of the exhibits created with
Adobe Photoshop. Through forensic odontologist Karazulas, the state offered
overlays, created with the use of Adobe Photoshop, which superimposed images
of the defendant’s dentition over photographs of the bite mark. Karazulas
had extensive training and experience in the study of bite-mark identification,
and was admitted as an expert in the field of forensic odontology. He testified
that bite-mark identification was based upon the recognition of unique char-
acteristics of the person whose teeth had left that mark. He further testified
that different teeth leave varying marks; for example, incisors leave rectan-
gular marks while cuspids leave pointed or triangular marks.

In the process of coming to the conclusion that the defendant was the
biter, Karazulas employed a number of comparative techniques. First, he
examined the molds made from the defendant’s teeth and testified that, from
these molds, he could discern several unique characteristics.116 Next, Karazulas
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examined unenhanced photographs of the bite mark. Looking at these, Kara-
zulas testified that he could tell by their orientation that the marks had been
inflicted by someone standing directly in front of the victim and approaching
her breast in a head-on position. By the shape, circumference, size and
individual characteristics of the bite marks, he could tell that the marks above
the nipple had been made by the upper jaw, or maxillary teeth and the marks
under the nipple had been made by the mandibular teeth.

Karazulas then compared the models made of the defendant’s teeth with
the various photographs of the bite mark. He testified that any unique or
identifiable characteristics of the defendant’s dentition depicted in the models
appeared to have a corresponding mark on the victim’s breast, and likewise,
that the markings on the breast of the victim contained a corresponding
mark for every unique characteristic of the defendant’s dentition.117

Karazulas testified that he finished by engaging in a series of steps that
eventually led to the creation of the Adobe Photoshop overlays at issue in
this case. First, he made a wax impression using the plaster molds taken of
the defendant’s teeth, then placed the upper and lower molds of the defen-
dant’s teeth onto a copy machine and printed out an image from these molds.
Next, placing paper over that image, and holding it over a lighted surface,
he manually traced out the biting edges of the teeth. That tracing was then
photocopied onto a clear piece of acetate, producing a transparent overlay
depicting the edges of the defendant’s dentition.118 

The defendant objected to the admission of these overlays for lack of
foundation. [FN40] The state argued that a proper foundation had been laid
because Karazulas could testify that the scanned photographs appearing in
the overlays were fair and accurate renditions of the original photographs of
the bite mark, and that the scanned tracings or scanned dental molds appear-
ing in the overlays were fair and accurate renditions of original acetate trac-
ings or original dental molds of the defendant’s dentition and, therefore,
through authentication of the component parts, or individual layers, of the
exhibits, the overlays themselves were authenticated. In essence, the state
argued that Karazulas’ lack of knowledge about how the computer generated
the evidence was irrelevant, reasoning that, because two pieces of reliable
evidence had gone into the computer, what came out of the computer there-
fore necessarily had to be reliable.

Defendant argued that the reliability of what had come out of the com-
puter was the issue, and referred to the issue at hand as a “black-box phe-
nomenon,” whereby the jury was being asked to trust the computer. The
defendant further argued that, although two separate images that could be
authenticated were “fed” into a computer, there was no way for Karazulas to
authenticate independently the result of the two images being superimposed
other than by saying that the resulting product was a fair and accurate
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representation of what “came out” of the computer. The defendant argued
that the reliability of what had gone into the computer did not ensure that
the evidence coming out of the computer was also reliable, and that a witness
who had spent almost eight hours merely watching another person create
the superimposition was “uniquely disqualified” to testify regarding the inner
machinations of the computer that had produced the evidence.

The court found the Adobe testimony admissible under these circum-
stances:

The relevant scope of inquiry in the present case is whether the
defendant was given an adequate opportunity to cross-examine
Karazulas concerning his identification of the defendant as the
biter. To that end, we observe that Karazulas’ conclusion that the
defendant’s dentition matched the bite mark on the victim’s breast
involved several admissible building blocks, including *834 molds
of the defendant’s teeth, a wax impression taken from the molds,
acetate tracings of the biting edges of the defendant’s teeth, and
enhanced and unenhanced photographs of the bite mark. The
defendant had the opportunity to cross-examine Karazulas freely
regarding all of these exhibits and how they informed his conclu-
sion. Any failure to take full advantage of such an opportunity
does not render the improper admission of the Adobe Photoshop
overlays, just one part of the evidentiary whole, a confrontation
issue…. Moreover, we note that the defendant had his own expert
use the Adobe Photoshop overlays to support his conclusion that
the defendant was not the biter.

We conclude that Karazulas’ properly admitted testimony regarding
exhibits other than those created using Adobe Photoshop goes a
long way in rendering harmless the improperly admitted evidence.119

The court found that enhanced photographs and computer-generated
overlays were demonstrative evidence rather than merely illustrative evidence
and thus could not be admitted based on trial court opinion that they would
assist the jury in understanding expert testimony, but rather required proper
foundation. Controversy will continue over the question of whether actual
bite marks are actually on a body, let alone the solidity of a dentition match.120

Developments here will go hand in hand with the rapid developing of forensic
imaging technology and research.121
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8Fingerprints

Although this may seem a paradox, all exact science is dominated
by the idea of approximation.

Bertrand Russell1

I. Introduction

The world fascination with fingerprints and related topics remains unabated
in the year 2005. The 14th International Forensic Science Symposium, held
in Lyon, France, has in its 585-page Review Papers, an extensive discussion
of recent fingerprint (fingermark in Europe) literature in a wide variety of
subjects and an extensive bibliography. Subjects covered include:

• Friction ridge skin individualization processes in court challenges
• Fingermark detection and visualization (composition of fingermarks,

physical and chemical detection techniques [powder, physical devel-
oper, cyanoacrylate, DFO, and ninhydrin])

• Vacuum metal deposition (VMD)
• Blood-centered fingermarks
• Fingermark detection and DNA or biological fluid analysis
• Alternative light sources, photography, and digital chemical imaging

II. International Working Groups

Since the early 1990s, the FBI Laboratory has led the way in sponsoring
scientific working groups (SWG) to improve discipline practices in laboratory
testing and training, and to help build consensus with federal, state, and local
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forensic law enforcement agencies. Currently, the FBI Laboratory sponsors
eight SWGs: 

• SWGDAM — DNA Analysis
• SWGDE — Digital Evidence
• SWGDOC — Questioned Documents
• SWGFAST — Latent Fingerprints
• SWGGUN — Firearms and Toolmarks
• SWGIBRA — Illicit Business Records
• SWGIT — Imaging Technologies
• SWGMAT — Materials Scientific Working Groups2

Each of these SWGs publishes ongoing suggested standards for individual
and laboratory certification as well as standards for the actual implementa-
tion of fingerprint technology at the working case level.

SWGFAST has recently prepared a list of topics with the intent of encour-
aging research in the following areas:

1. Vision Requirements for Latent Print Examiners
2. Perceptual Conditions Affecting an Individual’s Aptitude for Latent

Print Examinations
3. Comprehensive Review of Latent Print Training
4. Comparison of Fingerprint Powders
5. Determination of the Sequence of Friction Ridge Impression Depo-

sition on Printed Documents
6. Development of Latent Prints on Human Skin
7. Use of Digital Image Enhancement
8. Sufficiency for Exclusion
9. Recovery of Latent Prints in the Processing of Clandestine Laboratories

10. Nondestructive Detection and Analysis of Latent Print Residue3 

The Scientific Working Group on Friction Ridge Analysis Study and
Technology (SWGFAST) documents are officially published in the Journal of
Forensic Identification.4 The documents are also available for downloading at
the official SWGFAST Web site. See, http://www.swgfast.org/.

Several important documents that involve fingerprint technology should
be of special interest to lawyers involved in criminal trials. All are available
for download at the SWGFAST site; some are listed here:

• Position Statement Regarding Competency Testing of Noncertified
Examiners

• Friction Ridge Automation Training Guidelines
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• Friction Ridge Digital Imaging Guidelines (8/8/02 Version1.0)
• Friction Ridge Examination Methodology for Latent Print Examiners

(8/22/02 Version 1.01)
• Guidelines for Latent Print Proficiency Testing Programs (9/11/03

Version 1.0)
• Guidelines for Professional Conduct (8/9/01 Version 1.0)
• Minimum Qualifications for Latent Print Trainees (8/22/02 Version 2.1)
• Quality Assurance Guidelines for Latent Print Examiners (8/22/02

Version 2.11)
• Standards for Conclusions (9/11/03 Version 1.0)
• Training to Competency for Latent Print Examiners (8/22/02 Version

2.1)
• Validation of Research and Technology (8/8/02 Version 1.0)
• Glossary — Consolidated (9/9/03 Version 1.0)

As noted throughout this volume, international working groups are
working to achieve a set of international standards for use in forensic labo-
ratory and investigative efforts. The Interpol Forensic Science Symposium
noted all of the listed references its various literature review subreports. In
addition to the Interpol and FBI working group Web sites, many other
informative Web sites exist for examination in the fingerprint area, including
lists of identification points required in various nations.5 

The importance and fascination with fingerprint technology is reflected
in the publication of new books on the subject. Several new books have been
published since the first edition of this book, including two that should be
in the forensic library of prosecutors, defense counsel, and judges. The first
volume is by Christophe Champod, Chris J. Lennard, Pierre Margot, and
Milutin Stoilovic, and is called: Fingerprints and Other Ridge Skin Impressions
(CRC Press 2004). The book contains comprehensive discussions of most
topics of concern to those with fingerprint cases, including friction ridge
skin, the friction ridge identification process, chemistry, light and photogra-
phy, fingerprint detection techniques, issues related to the exploitation of
fingerprint evidence, and appendices covering statistical data for general
fingerprint patterns, fingerprint detection sequences, preparation and appli-
cation of reagents, and an extensive list of references. 

The second volume is Advances in Fingerprint Technology, Second Edition,
by Henry C. Lee (Editor), R. E. Gaensslen (Editor) (CRC Press 2001), con-
taining ten chapters by some of the nation’s top fingerprint experts on all
aspects of fingerprint work and technology.6 This fully updated Second Edi-
tion covers major developments in latent fingerprint processing, including
physical, chemical, instrumental, and combination techniques. Written by a
renowned group of leading forensic identification and criminalistic experts,
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this valuable work presents exciting progress in fingerprint technology. New
in this edition are latent fingerprint chemistry, techniques directed at lipid-
soluble components, more succinct treatment of AFIS, and new procedures
that apply nanocrystal technology to latent fingerprint development.

The Fingermarks Review report prepared by Christophe Champod and
Pierre A. Margot, for the 14th Interpol International Forensic Science Sym-
posium, held at Lyon, France in 20047 noted the erroneous identification of
two individuals in the last several years, resulting in increased scrutiny of the
fingerprint identification system. The first case involved Stephan Cowans,8

who has recently been exonerated by DNA analysis of a murder, the convic-
tion having been based on erroneous fingerprint identification. The second
case is that of Brandon Mayfield, who was wrongly associated by means of
fingerprint to a latent mark revealed by the Spanish National Police on a
plastic bag containing detonators recovered from the stolen van associated
with the Madrid bombings. Three experts from the FBI and an independent
court-appointed expert all identified Brandon Mayfield as the donor of the
mark. Mayfield, an Oregon-based lawyer, came to the attention of the FBI
once one of the latent marks sent by the Spanish authorities through Interpol
gave a hit against his name on the FBI IAFIS. Brandon Mayfield was arrested
and remained in custody for a few weeks until the Spanish fingerprint experts,
who immediately had raised issues with this identification, finally identified
the mark with the finger of an Algerian suspect. The FBI made official excuses
and launched a full and transparent review of its operating procedures.9 

There are a number of standard forensic science texts available with
excellent introductions to the forensic discipline of fingerprint impression
recognition, retrieval, and identification processes.10 International interest in
fingerprint impression evidence is growing and new publications are appearing
that need to be in the library of any law firm or governmental unit addressing
fingerprint theory, collection procedures, or the utilization of digital impres-
sion technology.11 An increasing number of Web sites also contain valuable
introductory and specialized fingerprint impression information12 that should
be regularly consulted for updates. Also, the rapid addition of new sites in
the forensic science and law and science areas makes it imperative for lawyers
to regularly consult the available Internet sites.

III. Fingerprints: American Experience

American courts accepted fingerprint identification evidence long before
there was an FBI laboratory or any hint of computerized fingerprint image
retrieval systems. Fingerprint identification methods were briefly preceded
by the famous Bertillon system introduced by the Paris police in 1882. The
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Bertillon method involved the recording and subsequent matching of scru-
pulous measurements of bodily structures, such as height, length, and width
of head, fingers, feet, etc., from the recorded data and current suspects. This
system was briefly utilized in America to identify military deserters in the
early 1890s.13 The first attempt to formalize a system for using the ridge
characteristics of fingers is generally recognized as that of Sir William
Herschel in the Indian state of Bengal in 1877 to check forgeries. In 1892
Francis Galton published the famous book Finger Prints, setting forth a
statistical basis for supporting a friction ridge identification systems. Since
its publication, it has remained in the literature as one of the formulistic
bases for the modern science of fingerprint identification. Its system of clas-
sification of finger skin patterns labeled arches, loops, and whorls still serves
today as a basis for modern fingerprint systems.

Dean Wigmore noted the growing importance of fingerprint evidence in
the 1913 second edition of his famous treatise, The Principles of Judicial
Proof.14 Interestingly, the third edition, published in 1937, changed the title
to The Science of Judicial Proof,15 with a substantial increase in coverage of
what would be considered today as forensic evidence. This is a still valuable
and extensive treatise on proof of fact. Throughout all editions, the book is
subtitled, “As Given by Logic, Psychology, and General Experience and Illus-
trated in Judicial Trials.” It contains not only numerous and generous quo-
tations from a host of classic texts on philosophy, psychology, logic, and law,
but selections from the transcripts of famous trials from the 17th century to
the Knapp Trial from 1830. It is centered in the idea that at the ground level
of a trial, the scholastic delineation of the rules of civil and criminal liability
theory and the rules of evidence16 await the presentation of fact and infer-
ences, which drive the daily operation of the American justice system.

In the 1913 edition, in the section entitled Circumstantial Evidence, Proof
of Identity, Wigmore provides two selections, an excerpt entitled Finger-Print
Identification, from a 1911 book entitled Science and the Criminal by
Ainsworth Mitchell, and the full text of the famous fingerprint case of People
v. Jennings,17 decided by the Illinois Supreme Court in 1911. Mitchell notes
that the work of Galton, set forth at the end of the 19th century, set the
standard for estimating the match capability of fingerprints:

…(E)ven after making allowance for ambiguities and for possible alter-
ations caused by accident or disease, a complete, or nearly complete, agreement
between two prints of one finger and infinitely more so between two or more
fingers, afforded evidence, which did not stand in need of corroboration,
that the prints were derived from the fingers of one and the same person.18

The first major criminal case recognizing the scientific, and hence, legal
viability of fingerprint evidence was the case of People v. Jennings,19 decided
by the Illinois Supreme Court in 1911. This case is described in detail, to
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illustrate the court’s thoughts on this new and apparently definitive method
of identification.

The defendant Thomas Jennings was convicted of the murder of a
Mr. Hiller, the owner of a home that he had illegally entered. At the head of
the stairs, near the door leading to a daughter’s room, a gaslight was kept
burning at night. Shortly after 2 o’clock on Monday morning of September 19,
1910, Mrs. Hiller was awakened and noticed that this light was out. She called
her husband’s attention to the fact and he went in his nightclothes to the
head of the stairway, where he encountered an intruder, with whom he
grappled. In the struggle both fell to the foot of the stairway, where Hiller
was shot twice, dying in a few moments.

The house had recently been painted, and the back porch, which was the
last part done, was completed on the Saturday preceding the shooting.
Entrance to the house had been gained by the murderer through a rear
window of the kitchen, from which he had first removed the window screen.
Near the window was a porch, on the railing of which a person entering the
window could support himself. On the railing in the fresh paint was the imprint
of four fingers of someone’s left hand. This railing was removed in the early
morning after the murder by officers from the identification bureau of the
Chicago police force and enlarged photographs were made of the prints.
Jennings, who had been arrested after several eyewitnesses20 identified him,
when returned to the penitentiary for the violation of his parole, in March,
1910, had a print of his fingers taken and another print was taken after this
arrest. These impressions were likewise enlarged for the purpose of compar-
ison with the enlarged photographs of the prints on the railing.

Defendant argued that the evidence as to the comparison of photographs
of the fingermarks on the railing with the enlarged fingerprints of him was
improperly admitted. No questions were raised as to the accuracy of the
photographic exhibits, the method of identifying the photographs, the taking
of the fingerprints, or the correctness of the enlargements. However, defen-
dant argued that fingerprint comparison evidence was not admissible under
the common-law rules of evidence, and because there was no statute autho-
rizing it the court should have refused to permit its introduction.

The court noted that as of 1913 there were no reported cases or state
statutes addressing the admissibility of this class of evidence, although such
evidence had recently been accepted in England.21 The Illinois Supreme Court
noted that while the courts of this country did not appear to have passed on
the question, standard authorities on scientific subjects did discuss the use
of fingerprints as a system of identification, and had concluded that experi-
ence had shown it to be reliable.22 These authorities, the court observed,
found this system of identification to be of very ancient origin, having been
used in Egypt when the impression of the monarch’s thumb was used as his
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sign manual and that it had been used in the courts of India for many years.
More recently, its use had become very general by the police departments of
the large cities of this country and Europe. The court was particularly
impressed with the apparent great success of the system in England, where
it had been used since 1891 in thousands of cases without error. The court
also noted that this success had resulted in the sending of an investigating
commission from the United States, upon whose favorable report a bureau
was established by the United States government in several departments.23

The court began its analysis of the Jennings case by reviewing the prof-
fered qualifications of the four fingerprint witnesses employed by the pros-
ecution. William M. Evans testified that he began the study of the subject in
1904; had been connected with the bureau of identification of the Chicago
Police Department in work of this character for about a year; had personally
studied between 4000 and 5000 fingerprints and had himself made about
2000; that the bureau of identification had some 25,000 different impressions
classified; that he had examined the exhibits in question, and on the forefinger
he found 14 points of identity, and on the second finger 11 points; that in
his judgment the fingerprints on the railing were made by the same person
as those taken from the plaintiff in error’s fingers by the identification bureau. 

Edward Foster testified that he was Inspector of Dominion Police at
Ottawa, Canada, connected with the bureau of identification; that he had a
good deal to do with fingerprints for six years or more; that he had done
fingerprint identification work in Vancouver and elsewhere in Canada; had
studied the subject at Scotland Yard; that he began the study in St. Louis in
1904 under a Scotland Yard man and had taken about 2500 fingerprints; that
he had studied the exhibits in question and found 14 points of resemblance
on the forefinger; that the two sets of prints were made by the fingers of the
same person

Mary E. Holland testified that she resided in Chicago and began inves-
tigation of fingerprint impressions in 1904, studied at Scotland Yard in 1908,
and passed an examination on the subject, and started the first bureau of
identification in this country for the United States government at Washing-
ton. She stated that her work at Scotland Yard involved a collection of over
100,000 prints. She also testified that she had examined the two sets of prints
here and believed them to have been made by the fingers of the same person.

Finally, Michael P. Evans testified that he had been in the bureau of identi-
fication of the Chicago Police Department for 27 years; and that that bureau
had been using the system of fingerprint impressions since January 1, 1905,
while it also used the Bertillon system. He had studied the subject since 1905
or 1906 and had made between 6000 and 7000 fingerprints. He had been in
charge of making the photographs of the prints on the railing, and in his
judgment the various impressions were made by the fingers of the same person.24
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The court noted that all of these witnesses testified at varying lengths as
to the basis of the system and the various markings found on the human
hand, stating that they were classified from the various forms of markings,
including those known as arches, loops, whorls and deltas, the same as noted
by Wigmore and Mitchell.

The court observed that when photographs were first sought to be admit-
ted, it was seriously questioned whether pictures thus created could properly
be introduced in evidence, but that method of proof, as well as by means of
x-rays and the microscope, were now admitted without question.25 The court
found equal acceptability here:

We are disposed to hold from the evidence of the four witnesses who
testified, and from the writings we have referred to on this subject,
that there is a scientific basis for the system of finger-print identifi-
cation, and that the courts are justified in admitting this class of
evidence; that this method of identification is in such general and
common use that the courts cannot refuse to take judicial cognizance
of it. Such evidence may or may not be of independent strength, but
it is admissible, the same as other proof, as tending to make out a
case. If inferences as to the identity of persons based on the voice, the
appearance, or age are admissible, why does not this record justify
the admission of this fingerprint testimony under common-law rules
of evidence?26

After an examination of the rules as to when expert testimony is to be
allowed, the court ruled that this category of expertise clearly qualified as an
admissible area of expertise:

From the evidence in this record we are disposed to hold that the clas-
sification of fingerprint impressions and their method of identification is a
science requiring study. While some of the reasons which guide an expert to
his conclusions are such as may be weighed by any intelligent person with
good eyesight from such exhibits as we have here in the record, after being
pointed out to him by one versed in the study of fingerprints, the evidence
in question does not come within the common experience of all men of
common education in the ordinary walks of life, and therefore the court and
jury were properly aided by witnesses of peculiar and special experience on
this subject.27

The court also concluded that the four witnesses here were qualified to
testify on the subject of fingerprint impression evidence.

It was further argued that some of the witnesses testified positively that
the fingerprints represented by the photographs were made by a certain
person whose fingerprint impressions had been photographed, enlarged, and
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introduced in evidence, when they should have been permitted to testify only
that such was their opinion. The court noted that on questions of identity
of persons and of handwriting it was common practice for witnesses to swear
that they believed the person to be the same or the handwriting to be that
of a particular individual, although they will not swear positively, and the
degree of credit to be attached to the evidence was a question for the jury.

The FBI Identification Division was initiated in 1924, with the receipt of
over 8,000,000 fingerprint files, mostly from the Leavenworth Penitentiary.
Currently, the FBI collection contains well over 250 million sets of fingerprint
records, composed of both criminal and civil prints. The civil file includes
the prints of current government employees and applicants for federal jobs. 

IV. Fingerprint Questions

Important fingerprint questions remain in the debate over the identification
of a suspect. Set out below are several of the more important ones:

• Is fingerprint impressions analysis scientific with respect to the theo-
retical underpinnings of the discipline or because of its use of micros-
copy and other processes that aid its essentially observational nature?

• Should it make any difference if fingerprint-impressions analysis
testimony is simply a combination of experience and modern micros-
copy? What else, from a forensic scientist’s standpoint, is there to say
about fingerprint impressions and its examination and the factual
assumptions that follow? Is there more that can be found to give
fingerprint impressions analysis as great or greater credibility than
fingerprint impression, ballistics, tool marks, or DNA?

Issues that are standard fare for lawyers involved in crime scene investi-
gations or, more often, the result of the work of others, normally include the
following categories of inquiry:

• What surfaces can hold a print? Smooth, nonporous surfaces such as
glass, painted or varnished surfaces, molded plastic surfaces, paper, card-
board, polyethelene-based products, vinyl, rubber, leathers, some metal
surfaces, untreated wood products, waxed surfaces, and human skin.

• What is a fingerprint, palm print, or footprint? The capture on an
accepting surface of several clusters of ridge characteristics, or “mi-
nutiae,” present on the fingers of the human hand, as a result of
natural oils and secretions of the human finger that leave an image
of such minutiae on the surface at issue.



348 Forensic Evidence: Science and the Criminal Law, Second Edition

• What methods and chemicals are routinely used to recognize and
preserve a print image for analysis? Flake powders such as silver latent
print powder, varied fluorescence techniques such as ultraviolet illu-
mination, iodine, ninhydrin, silver nitrate, small particle reagents,
cyanoacrylate (super glue) fuming, and vacuum metal deposition
(gold and zinc) are used to identify and maintain a print image for
analysis.28

• What are the comparison points for attempting a fingerprint match?
In comparing ridge characteristics (minutiae that include short ridg-
es; dots; bifurcations; deltas; trifurcations; ridge endings), 150 “com-
parison points” are potentially available. Realistically, all prints are
partial in the sense of always being less than 150. The courts in the
United States generally only require 6–8 points, while other nations
require 14 or more.29

The world fingerprint experts agreed in 1995 that there was no requisite
number of comparison points to allow for positive identification of a suspect:

The Ne’urim Declaration approved June 19, 1995, has been positively
approved in the main fingerprint journals. No objections were
raised for accepting that no scientific basis exists for requiring that
a predetermined, minimum number of friction-ridge features must
be present in two impressions to establish a positive identification.30

Some jurisdictions, such as Australia, are moving to a nonnumerical
method of expressing sufficient criteria for a match statement.31 

The SWGFAST guidelines issuing from that FBI-sponsored group are
receiving increased attention. The focus for the immediate future appears to
be on a uniformly accepted minimum qualifications guideline; training to
competence guidelines; and quality assurance guidelines, as a basis for ongo-
ing confidence in international fingerprint identification. Current thinking
is that accomplishing these goals will help instill continued confidence, while
the debate over numerical or nonnumerical “ridgeology” comparison meth-
ods continues.32

• What about AFIS, the Automated Fingerprint Identification System?
• Does it provide the eventual match using computer technology?33

The AFIS system does not provide match identification that is a basis for
a fingerprint expert’s identification testimony. This testimony is still the result
of close visual examination of ridge characteristics by the expert and the
expert’s experience. The fingerprint identification testimony is an inference
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as with all of the other forensic opinions delivered daily in courts around the
globe. AFIS has the amazing capability of searching through millions of
digitalized images of prints originally provided by ink cards; or, more recently
by initial digitalized recordings, and kicking out the ten closest “matches” in
the collection. These matches then must undergo close examination by expe-
rienced fingerprint examiners. AFIS makes possible what was an impossible
task of comparing millions of images from all over the country and narrowing
down the candidates. If nine of the selections seem totally unrelated, but the
tenth is the victim’s estranged husband, the value of AFIS systems is evident.
AFIS systems are being utilized worldwide. The FBI IAFIS, the Integrated
Automated Fingerprint Identification System, is intended to greatly assist
local authorities by speeding up the digitalization of inked cards as well as
integrating criminal record data with the imprint data, and providing for
increased speed and accuracy in doing AFIS searches.34

• What about current statistics and “population” databases for ruling
out other suspects on something other than the match by an experi-
enced fingerprint examiner?

V. Fingerprint Foundations

No databases of current information are available about fingerprints for use
in statistical projection to determine the existence in the general population
of an identical match.

The assumption has always been that the theoretical basis for fingerprint
identification, established by Galton and his successors, internally provides
the assurance of uniqueness to the identification. Dr. Saferstein, in his text
Criminalistics: An Introduction to Forensic Science, cites three basic principles
or assumptions that have historically supported this position.

1. To date, after almost a century of fingerprint experience, no two
fingers have ever been found to possess identical ridge characteristics.

2. A fingerprint will remain unchanged during a person’s lifetime.
3. Fingerprints have general ridge characteristics that permit them to

be systematically classified and examined with great efficiency and
efficacy.35

There were over 1200 reported decisions addressing, in part, fingerprint
evidence in a wide variety of criminal prosecutions. None of them even came
close to finding fingerprints lacking scientific reliability or general acceptance
in the forensic community. That subject was laid to rest in a series of cases
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decided in 2002–2003 which are discussed next. The current issues regarding
fingerprint evidence rise from a spectacular miscalculation by three of the
FBI’s top fingerprint analysts, who incorrectly identified the prints of an
American lawyer resident in Oregon as belonging to one of the terrorists
involved in the train bombings in Spain. Spanish forensic teams quickly
identified an Algerian man as the origin of the prints. 

VI. Fingerprints: Daubert Challenges

Challenges to the scientific reliability of fingerprint expertise have always
been raised and usually fail. Such challenges are primarily directed toward
the current judicial posture of allowing fingerprint expert opinion to identify
a match of crime scene prints to a defendant as a certainty, rather than a
more common consistent-in-all-respects statement for the majority of the
forensic sciences. The only other forensic science graced with such finality is
ballistics bullet matches from comparative firings of a gun associated with
defendant and crime scene bullets or shell casings.36 Several recent decisions
support the traditional position.

In United States v. Plaza,37 a federal case decided in 2002, defendants on
trial for drug and murder charges moved to bar testimony on latent finger-
print identification evidence, claiming that latent fingerprint identification
evidence did not meet the federal Daubert standard. The court concluded
that latent fingerprint identification, as a science, met the Daubert factors but
that every case was subject to tests for accuracy and reliability. A fingerprint
examiner testified that “latent print and the rolled print (have) traditionally
been … mainstays” of fingerprint identification, and reviewed the process
and qualifications needed for fingerprint identification, including the profi-
ciency test conducted. After a lengthy discussion of the history and methods
of fingerprint identification, the court concluded that the current standards,
combined with consistent court oversight, were sufficient to ensure that both
types of fingerprinting met the Daubert factors.

In United States v. Havvard,38 relying on a National Institute of Justice
(NIJ) solicitation (March 2000), the defendant claimed that the assumption
that all fingerprints are unique was an unproven premise because there were
no objective standards for each examiner’s comparison. The defendant took
a statement in the article, saying the NIJ’s goal was “to provide greater
scientific foundation for forensic friction-ridge (fingerprint) identification,”
to mean that the science was not currently reliable. He also cited a Collabo-
rative Testing (CT) Service Report (1995) suggesting a higher error rate for
fingerprinting than cited at trial. The defendant then introduced several cases
he believed undermined the reliability of fingerprinting, and he claimed that
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the court required him to disprove the reliability of fingerprinting, rather
than making the state prove the reliability of fingerprinting.

First, the court did not consider the NIJ and CT articles because they
were not part of the lower court record. The court noted that the CT Service
Report was available prior to the Daubert hearing and could have been used
to cross-examine the fingerprint expert witness. Second, the court found that
the defendant had misconstrued the precedent cases and the Daubert hear-
ing. In each case, the court found that the other courts had “contrast(ed) the
rejected technique with latent print identification and specifically credit(ed)
the greater reliability of fingerprint evidence,” meaning that they had actually
bolstered the credibility of fingerprinting. In addition, the court believed that
the general acceptance of fingerprinting meant that the defendant needed to
demonstrate its unreliability at the Daubert hearing. Ultimately, the court
agreed with the lower court that “fingerprinting techniques have been tested
in the adversarial system, that individual results are routinely subjected to
peer review for verification, and that the probability for error is exceptionally
low,” thus accepting the reliability of fingerprint evidence.39

In United States v. Crisp,40 a 4th Circuit decision, defendant claimed that
his conviction was not valid because the fingerprint and handwriting analyses
did not meet the Daubert standard. He contended that the premises under-
lying fingerprinting evidence had not been adequately tested, fingerprint
examiners operate without a uniform threshold of certainty required for a
positive identification, and fingerprint evidence had not achieved general
acceptance in the relevant scientific community. After a lengthy discussion
of the Daubert standard, the court concluded that fingerprint analysis was a
reliable science. First, the court reviewed the history of fingerprinting and
concluded that it had most definitely been “adequately tested.” Second, the
court found that fingerprint examiners use a valid method of “points and
characteristics” in identifications and that they meet testing and proficiency
requirements. Third and last, the court found that the defendant presented
no evidence that would have negated the court’s general acceptance of fin-
gerprint evidence. The court also noted that, even if the fingerprint evidence
was “shaky,” the defendant had ample opportunity to invalidate it with direct
examination, cross-examination, and jury instructions.

In United States v. George,41 a 2004 7th Circuit decision, defendants were
convicted in the United States District Court for the Northern District of
Illinois of uttering and possessing counterfeited securities, bank fraud, and
money laundering. The court held that expert testimony of an FBI fingerprint
examiner was clearly admissible.

Defendant Mustapha’s first argument was that the expert testimony of
Kim DeCarla Smith, an FBI fingerprint examiner, should have been excluded.
Mustapha argued that the district court erred when it relied on the 7th
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Circuit’s recent holding in United States v. Havvard, 260 F.3d 597 (7th Cir.2001)
to admit Smith’s expert testimony. In Havvard the court had closely examined
fingerprint analysis techniques in light of Daubert and Federal Rule of Evi-
dence 702 and concluded that such analysis was admissible. 

Defendant Mustapha’s concerns were twofold: first, he did not believe
that the fingerprint analysis technique was able to be effectively tested, and
second, he argued that Havvard incorrectly applied the Daubert test by rely-
ing only on the “general acceptance” prong. These arguments, the court ruled,
easily answered. In Havvard we considered that fingerprint analysis was gen-
erally accepted, had a low rate of error, and could be objectively tested:42 

This was more than sufficient ground to find it admissible under the
Daubert test, and did not rely solely on one prong as Mustapha
asserts. Additionally, in vacating its first opinion, the Eastern District
of Pennsylvania noted that FBI fingerprint analysis had methods to
control the techniques operation that were not purely subjective. Of
particular note, and in answer to Mustapha’s complaint that finger-
print analysis cannot be objectively tested, the Llera Plaza II court
noted that the FBI annually tests its fingerprint examiners with sets
of prints, the sources of which are known to the testers, but unknown
to the test-takers. Hence, while an actual print taken in the field
cannot be objectively tested, we are satisfied that the method in
general can be subjected to objective testing to determine its reliability
in application. For these reasons, we feel comfortable that Havvard
correctly decided the issue of fingerprint analysis admissibility.43 

In regard to Mustapha’s second argument, that the prints in his case were
unreliable because they were partial rather than complete prints, the court
found that the district court did not abuse its discretion: 

Having found fingerprint analysis to be reliable, the issue as to
whether particular prints can be connected to a particular defendant
goes to the weight and credibility of the evidence. These are issues
best left to the finder of fact, not an appellate court. Further, the issue
that Mustapha is concerned about — the probability that the partial
prints might be misattributed to him — was thoroughly covered in
the cross-examination of Smith. (Br. for Defendant-Appellant Ola
Mustapha at 20. Hence, the jury was functioning with a proper
warning regarding the value of the fingerprint evidence. The district
court did not abuse its discretion in allowing Smith to testify.44

In State v. Quintana,45 a 2004 Utah Supreme Court case, the defendant
contended that, where fingerprint identification is the only evidence sup-
porting conviction, the State must offer additional evidence establishing that



Fingerprints 353

he left the prints at the time of the crime. The court ruled fingerprint iden-
tification was not novel scientific evidence for which trial court had to make
a preliminary finding of its reliability. A single fingerprint that defendant had
left on a lacquer box in the victim’s home was sufficient to support convic-
tions for burglary and theft.

The Utah Supreme Court noted that it had previously rejected this argu-
ment, “We treat fingerprint evidence like any other piece of evidence whether
or not there is additional evidence.” The jury therefore could have properly
concluded that the single fingerprint found on a lacquer box in the victims’
home belonged to Quintana and that the fingerprint was left at the time the
home was burglarized.46

Justice Thorne, dissenting, neatly expressed the argument against judicial
acceptance of the finality of fingerprint-matching expert opinion:

Unfortunately, our societal acceptance of the infallibility of examin-
ers’ opinions appears to be misplaced. Failure on any level clearly
shows that examiner opinion is not infallible. Such fallibility, in light
of society’s trust in forensic certainty, opens our courts to a great risk
of misidentification, and after examining the standards used to de-
termine an examiner’s proficiency, it is a risk that we should have
understood long ago, and should never have allowed without certain
precautions. Specifically, we should instruct our juries that although
there may be a scientific basis to believe that fingerprints are unique,
there is no similar basis to believe that examiners are infallible. In
the absence of any nationally accepted credentialing process, the jury
may be in the best position to determine whether a purported fin-
gerprint expert properly determined that a latent fingerprint, left at
the scene of a crime, matches a defendant’s fingerprint.

Until there is a nationally adopted certification system — ensuring
examiner proficiency — and a nationally adopted minimum stan-
dard for matching latent fingerprints to known samples — minimiz-
ing the risk of misidentification — courts should ensure that juries
are instructed that examiner testimony is informed opinion, but not
fact.47

Regardless of the differences of opinion about the evidentiary strength
of a single fingerprint, most jurisdictions hold that a single print is sufficient
to get a warrant. This position is exemplified by the case of King v. State,48

where the defendant was convicted of six counts of burglary. A law office was
burglarized and the police uncovered fingerprints on a piece of glass, which
had been broken to gain entry into the office. It was determined that the
defendant matched the fingerprints in question. The police then obtained an



354 Forensic Evidence: Science and the Criminal Law, Second Edition

arrest warrant for the defendant, based on this fingerprint evidence only. The
defendant argued that the trial court erred when it determined that the
fingerprint match alone was sufficient to support the arrest warrant. The
court disagreed and found that under the circumstances of this case finger-
print evidence alone “constituted probable cause for the issuance of the arrest
warrant.” The court reasoned that in prior cases where convictions were
obtained “based primarily on fingerprint evidence, Arkansas courts have
upheld or overturned the conviction depending on the circumstances of the
case.” In addition, the court reasoned that “probable cause does not require
the quantum of proof necessary to support a conviction.”49

VII. Fingerprints: Digital Print Machines 

The scientific reliability of digital fingerprint machinery was addressed by
the 2002 4th Circuit decision in United States v. Patterson,50 where the defen-
dant was in possession of cocaine base with the intent to distribute. Defendant
argued that the court erred by admitting into evidence the testimony of a
deputy describing how the machine that took the defendant’s fingerprints
worked, as well as the actual fingerprint image produced by the machine.
The court disagreed and found that if there was any error, it was harmless.

Subsequent to the defendant’s arrest, a sheriff ’s deputy used a Digital
Biometrics Tenprinter to produce an image of Patterson’s fingerprints. At the
defendant’s trial, the deputy’s testified that “this device is sort of like a laser
scanner. The easiest way I could say, to give you a general idea about it, would
be like going to the supermarket … where they scan your bar code for prices,
it’s similar to that. It reads — it actually picks up the ridges on your fingers.”
The deputy further acknowledged that this testimony was based on what he
had been told by others; although he used the Tenprinter every day and had
processed at least a thousand people with it, he did not know how it worked.
Furthermore, the accuracy of fingerprints recorded by the Tenprinter had
neither been confirmed nor challenged by any person whose prints the dep-
uty had processed. An expert also testified that one of the prints on the
Tenprinter image matched a print recovered from a bag containing cocaine
base that the police discovered during their investigation of Patterson.51 

While the court reasoned that the “deputy’s lack of knowledge about the
mechanism within the Tenprinter and the accuracy of the fingerprint images
it produced undercut the probative value of his testimony,” these weaknesses
were exposed by defense counsel during cross, so the “jury was not misled
into accepting testimony that the deputy was not qualified to offer.” The court
further reasoned that the actual fingerprint image produced by the machine
was properly authenticated. The court framed the question as “whether the
government offered sufficient evidence to demonstrate that the Tenprinter
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image reliably depicted Patterson’s fingerprints,” and to answer this question
the court looked to the cases involving photographic evidence. 

The court found that although there was no testimony from a witness
who had “examined Patterson’s fingers and could verify that they were actually
rendered on the Tenprinter image,” and the deputy’s “lack of expertise rendered
his testimony insufficient to prove the reliability of the device,” an adequate
foundation was established when it was testified that one of the fingerprint
images matched a fingerprint found on the drug containers. The court rea-
soned that if the fingerprint match testimony was believed by the jury, it
“provided compelling evidence that the Tenprinter reliably imaged Patter-
son’s fingers; the alternative — that the machine generated an inaccurate
fingerprint image that happened to be identical to a fingerprint recovered by
a different person using a different process in a different location — is simply
implausible.”52

VIII. Fingerprints: Discovery of Automated Fingerprint 
System Printouts

The question of the discovery of crime lab AFIS printouts was raised in the
case of People v. Tims,53 a 2002 California decision. The defendant was con-
victed of burglary and residential robbery. At one of the homes, fingerprints
were found on the inside of the window, which had been broken to gain
entry. The fingerprints found at the crime scene were compared by two
separate experts at the police crime lab, and were determined by them to
match the defendant. On appeal, the defendant argued that the state had
violated its obligation under Brady by failing to disclose a computer printout
from the lab’s Automated Latent Print system, which contained the first four
matches in the system to the prints found at the scene. The defendant was
the second best match on the list; however, neither he nor the first match
had a very high “matching score.” 

The state responded that the lab does not normally keep these printouts,
and it should not be considered a method of identification, but only a
“filtering system.” The state expert testified that an identification is only made
by taking a sufficient match found by the system and comparing the actual
fingerprints. The court found that the defendant’s Brady claim must fail,
because even if the printout had been turned over prior to the trial, it would
not have had an effect on the outcome of the case. The court reasoned that
the number one match by the system was excluded as a match for the fin-
gerprints found at the scene, and neither the defendant nor the number one
match received a high score on the printout. The court further reasoned that
it is complete speculation that the victim would have actually identified the
number one match in the photo array.54
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IX. Fingerprints: Absence of Fingerprints

The longstanding acceptance of fingerprint evidence as being conclusive as
to identification has, until very recently and unsuccessfully, resulted in a
dearth of cases even approaching an attack on its claim to being scientifically
sound. What has occurred, because of fingerprint identifications’ tremendous
esteem as an identifying process, are a series of cases addressing whether the
absence of fingerprints of the suspect when they would be expected to be there,
is entitled to any evidentiary value or the basis for a defense-oriented jury
instruction. 

It is a long-standing rule that the state’s failure to collect and preserve
potentially exculpatory evidence violates a defendant’s due process rights only
if the defendant demonstrates that the officers acted in bad faith.55 

In People v. Towns,56 a jury found defendant, Sherrell Towns, guilty of
five counts of first-degree murder and sentenced him to death. The case arose
out of the execution-style murder of five men in Madison, Illinois in a drug-
related incident. Among other points, defendant claimed that his attorney
should have presented the testimony of a forensic expert to dispute the state’s
fingerprint evidence. The trial testimony indicated that the state’s expert,
Garold Warner, and two of his associates concluded that there were 25 “points
of agreement” between defendant’s fingerprints and those found at the scene
of the crimes. According to Warner, fingerprint examiners in the United States
tend to use between 8 and 10 points of agreement before arriving at a con-
clusion. Based on that evidence, the court concluded that it could not be said
that defense counsel’s decision not to call an independent expert constituted
ineffectiveness. The court observed that the failure may very well have been
a matter of trial strategy to not call an expert — a withering crossexamination
as to the points of agreement could only serve to reinforce the strength of
the fingerprint identification in the eyes of the jury.57

The taking of fingerprints is a search for purposes of the Fourth Amend-
ment to the Constitution of the United States of America.58 In an interesting
case involving two sets of prints taken from a defendant, where the first set
was found to be improperly taken due to the defendant not being told that
he need not supply prints, a court ruled that the use of both sets by an
examiner did not prevent testimony on a match from the second set. In
Hooker v. State,59 defendant was convicted of murder in a trial based entirely
on circumstantial evidence. 

Around 5:30 a.m. on the morning of March 14, 1991, the sheriff ’s office
responded to a call reporting a comatose man in a car, and upon arriving at
the rural crime scene, a deputy discovered Walter Johnson’s dead body behind
the steering wheel of his vehicle. Investigators discovered that Johnson had been
shot twice. Investigators searched Johnson’s car and found three .25-caliber
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shell casings, a bag containing several unopened cans of Coors Light beer,
and one opened, partially full can of Coors Light beer sitting on Johnson’s
dashboard.60

After questioning various people, investigators from the Sheriff ’s office
were led to Charles C. Hooker, who, it was learned was a teacher at the middle
school where Johnson had been principal. During the investigatory process,
Hooker supplied the sheriff with several fingerprint cards. These prints were
sent to the crime lab in Jackson, and ultimately the crime lab matched a
latent print found on the half-full Coors Light beer can to Hooker. 

Hooker argued that all fingerprint evidence should be suppressed as the
“fruit of the poisonous tree,”61 because the state did not prove that it informed
Hooker prior to taking the first set of prints that he had the right to refuse
the request that he give the police his prints. Hooker provided two sets of
fingerprints to the sheriff, the first on March 19, 1991, and the second on
March 28, 1991. The trial court did suppress the first set of prints, but refused
to suppress the second set, ruling that Hooker had been properly informed
at that time that he had the right to refuse to give his prints On appeal,
Hooker argued that because the second set of prints were not “independently
obtained,” they too should be suppressed.

The court held that the second set of fingerprints was not gained by
exploiting the alleged illegally seized first set of fingerprints, and thus the
second set of fingerprints was admissible to identify defendant and not the
“fruit of the poisonous tree.” The first set of prints were, as claimed by
defendant, taken without informing him that he had the right to refuse. The
first set being found to be smudged, the state crime lab informed the sheriff
they would need a second set, and the defendant, upon his return to provide
the second set, was informed of his right to refuse the request for prints. This
was so, even though the fingerprint examiner testified that when she affected
her initial identification of defendant’s thumbprint she had both set of prints
before her and did not know whether she had used the first set of prints or
the second, legally obtained, set, due to the fact that during trial she compared
the second set of prints with the thumbprint obtained from the crime scene
container and testified before the jury that it matched the defendant’s.62

X. Time and Place Requirements

A number of jurisdictions require the state, if it wishes to rely solely or
substantially on fingerprint evidence, to establish to some degree that the prints
were made at a point contemporaneous with the commission of the crime.
In People v. Campbell,63 a 1992 Illinois Supreme Court decision, the court
agreed with defendant that to sustain a conviction solely on fingerprint
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evidence, fingerprints corresponding to those of the defendant must have
been found in the immediate vicinity of the crime under such circumstances
as to establish beyond a reasonable doubt that they were impressed at the time
the crime was committed.64 The court also agreed with the defendant that the
same time and placement requirements exist in many states for shoeprint
evidence. However, in either case, the court explained, the state was not
required to seek out and negate every conceivable possibility that the print
was impressed at some time other than during the commission of the offense. 

In some cases, the court noted, evidence of the particular location of the
fingerprint might satisfy the time and placement requirement, as would the
prosecution’s proof of the chain of contact of the touched item, which could
establish that the item could have been touched only at the time of the
crime.65 Additionally, the court observed, a wide variety of attending circum-
stances might support an inference that the print was made at the time of
the commission of the offense.66

In State v. Montgomery,67 defendant was convicted of first-degree murder,
first-degree burglary, robbery with dangerous weapon, and attempted first-
degree rape. At approximately 11:05 p.m., the victim’s friends returned to
the victim and discovered the body of Kimberly Piccolo lying on the floor
next to her bed. When Piccolo’s body was found, she was dressed in a sweat-
shirt, sweatpants which were inside out, and socks, but she was not wearing
panties. The sofa on which Piccolo had been sitting when her roommates
left had been moved out of place. The officers found a pair of panties lying
on the sofa. A butcher knife was missing from the kitchen. Piccolo’s eyeglasses
were found on the coffee table. A fingerprint, which matched a print of
defendant’s left ring finger, was lifted from one of the lenses.

An autopsy showed that Piccolo had received nine stab wounds that were
clustered in her chest, arm, back, and abdomen, and several defensive wounds
on her hands. One stab wound went completely through her right hand. A
fingerprint lifted from a lens of the victim’s eyeglasses found in the apartment
matched one of defendant’s fingerprints.68

Defendant argued that the state failed to prove that the fingerprint found
on the victim’s eyeglasses was impressed at the time the crimes were commit-
ted. The court stated that regardless of the confidence attending fingerprint
matching testimony, it is usually insufficient, alone, to sustain a conviction:

This court has considered the sufficiency of fingerprint evidence to
identify defendant as the perpetrator in a number of cases. Where
the state has relied solely on fingerprint evidence to establish that the
defendant was the perpetrator of the crimes charged, this court has
held that the defendant’s motion to dismiss should have been grant-
ed.69 On the other hand, where the state presented other evidence
tending to show that the fingerprints could only have been impressed
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at the time the crimes were committed, this court has found that the
case was properly taken to the jury.70

The court concluded that testimony by a qualified expert that fingerprints
found at the scene of the crime match the fingerprints of the accused, when
accompanied by substantial evidence of circumstances from which the jury
could find that the fingerprints could have been impressed only at the time
the crime was committed, was sufficient to withstand a motion for dismissal
and carry the case to the jury. The soundness of the rule lay in the fact that
such evidence logically tends to show that the accused was indeed present
and participated in the commission of the crime.

In the present case, the court ruled that the state submitted substantial
evidence of circumstances from which the jury could find that defendant’s
fingerprints could have been impressed plastic at the time the crimes charged
were committed:

The evidence showed that the victim was wearing her eyeglasses all
day on the day the crimes charged were committed; was studying or
reading most of that day; that she was reading when the group left
at around 10:00 p.m. for a party, leaving her alone in the apartment.
When the group left, the furniture was in order and the victim was
sitting on the sofa with her eyeglasses on, reading the newspaper.
When the group returned approximately an hour later, the apart-
ment was in disarray, the victim’s lifeless body was lying on the floor
away from the sofa, which had been moved, and her eyeglasses were
on the coffee table. No one else was in the apartment. Defendant’s
fingerprint was found on the inside lens of the victim’s eyeglasses.
This evidence, disclosing the circumstances under which the eyeglasses
were found, when combined with other testimony placing defendant
in the vicinity of the victim’s apartment, constitutes substantial evi-
dence from which the jury could find that defendant’s fingerprints
could have been impressed plastic on the lens between the hours of
10:00 p.m. and 11:05 p.m. Because the evidence also showed that
the crimes charged were committed during the same time period, the
fingerprint evidence logically tends to show that defendant was
present and participated in the commission of the crimes. Thus, we
hold that the evidence was properly admitted and the trial court did
not err in denying defendant’s motion to dismiss for insufficiency of
the evidence.71

Defendant also argued that the portion of the state expert’s testimony
indicating that he had prepared his report with the aid of a previously
prepared print card at the local jail was not prejudicial because he used the



360 Forensic Evidence: Science and the Criminal Law, Second Edition

same card in cross-examination to challenge the accuracy of the expert’s
testimony.72 This is a common problem faced by defendants with prior records.

Similar issues of contemporaneity were raised in People v. Zizzo,73 where
defendant was convicted of felony theft, arising from defendant’s collusion
with a bank employee to obtain and use false ATM cards.

The state’s first witness, Carol Carl, testified that in May 1996, while
updating her family’s financial records, she discovered a series of unautho-
rized automatic teller machine (ATM) withdrawals from her account totaling
over $62,000. The withdrawals were traced to the defendant.

In addition to bank employees and defendant’s accomplice, the state
called Dr. Jane Homeyer, executive director of the Northern Illinois Police
Crime Laboratory. She testified that she performed a fingerprint analysis on
the Daryl Simson ATM account file. She found two prints suitable for com-
parison, both of which matched defendant’s. Homeyer noted, however, that
her analysis could not establish either when or in what context the finger-
prints had been left.

Defendant contended that because an innocent explanation was available
for the discovery of her fingerprints on the Daryl Simson ATM file, those
fingerprints could not be used to support her conviction. Defendant relied
upon a 1991 case, People vs. Gomez,74 in which the court had held that, to
support a conviction, fingerprint evidence must satisfy both physical and
temporal proximity criteria. The fingerprints must have been found in the
immediate vicinity of the crime and under such circumstances that they could
have been made only at the time the crime occurred.75 Although the court
did not dispute defendant’s reading of Gomez, it stressed that the physical
and temporal proximity criteria came into play only when a conviction was
based solely upon circumstantial fingerprint evidence. Here, the court
observed, discovery of defendant’s fingerprints on the Daryl Simson ATM
file was not the sole basis for defendant’s conviction, as it was introduced to
corroborate codefendant Carr’s prior inconsistent statement. Accordingly,
the jury properly could have considered the discovery of defendant’s finger-
prints on the Daryl Simson ATM file as evidence of defendant’s guilt.

Contemporaneousness and proximity were also issues in State v. Monzo,76

a 1998 Ohio decision. There, defendant was convicted of two counts of rape,
one count of aggravated burglary, and one count of kidnapping. The victim
had been assaulted in 1987, but the defendant was not identified until a
fingerprint run under a newly installed AFIS system generated his card. Police
found a knife beside the victim’s bed, and her open wallet and purse in her
bedroom, although she had left those items on the kitchen counter before
going to bed, with the wallet inside the purse.

A fingerprint examiner testified that in 1987 he performed a preliminary
examination of the fingerprint lifts from the victim’s house, but had no
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known suspect to whom the lifts could be compared, so the prints were
simply retained in the police file for future reference. Subsequently, the police
put in place an AFIS system that subsequently generated defendant’s prints
several years later. The expert conducted a visual comparison of defendant’s
file fingerprints with the lifts from the basement door trim, and determined
that these matched defendant’s right-middle and ring finger. He later deter-
mined that the lift from the victim’s wallet matched the right thumbprint of
defendant. He testified that the lift from the wallet would be a relatively fresh
print because dusting for prints on a porous surface would be effective in
developing prints for perhaps only 15 days after the prints were made.77

A house painter, Donald Fraime, testified that shortly before the date of
the 1987 attack, he painted the middle room in the victim’s house, including
new wood trim around the new basement door. A Columbus police officer
testified that he worked for the crime scene search unit in October 1987, and
collected fingerprints from the victim’s house, dusting for and eventually
lifting a total of 11 prints from the house. According to him, the most
definitive print impressions were one lifted from the outside of the victim’s
wallet found in her bedroom, and one lifted from the doorframe of the door
leading from the basement to the middle room. An FBI forensic and finger-
print expert found that these two prints were the most valuable for comparison
purposes. 

Comparing the lifts to the known fingerprints of defendant, he concluded
that the single fingerprint lifted from the wallet was the right thumbprint of
defendant, and the prints taken from the door trim were the right-middle
and right-ring fingers of defendant. The agent testified that painting the door
trim would have destroyed any fingerprints previously left there, so that the
prints lifted from the door trim could not predate the last time the trim was
painted, and that repeated handling would degrade or leave overlapping
prints on an item. He saw no overlapping prints on the lift taken from the
wallet, which was the victim’s everyday wallet. It was pointed out that any
print more than a few days old would have probably been obliterated or
overlapped by her frequent handling of the wallet.78 

As noted above, the uniform acceptance of the certainty and solidity of
fingerprint evidence has resulted in claims by defendants that police failure
to search for and to preserve such evidence where it could be reasonably
expected to be present, denies them of due process by removing from con-
sideration potentially exculpatory evidence. If the state fails to produce evi-
dence that is reasonably available to it or fails to explain why it has not
produced the evidence, a defendant is permitted to comment about the
missing evidence in closing argument to the jury.

In Eley v. State,79 a 1980 Maryland decision, defendant was convicted on
charges arising out of a shooting and robbery. The state failed to produce
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fingerprint evidence against Eley and relied solely on eyewitness testimony
for establishing his identification. In closing argument, defense counsel
sought to argue that the state’s failure to utilize the more reliable fingerprint
identification, and its failure to explain why it did not produce such evidence,
gave rise to an inference that Eley’s fingerprints were not at the scene of the
crime and, thus, he was not there. This court reversed stating, one can
reasonably draw some adverse inference from the use of an inferior method
when a superior (one) was readily available.80

The court held that possible relevant evidence not introduced, or its
absence explained, could be used against the state.

This issue was again addressed in the case of United States v. Hoffman,81

where defendants were convicted of narcotics offenses. The primary issue on
appeal was whether a defense lawyer must lay some evidentiary foundation
before arguing in closing that the jury should infer, based upon the absence
of fingerprint evidence, that such evidence could have been obtained and
would have been exculpatory. The court answered that question in the affir-
mative, and therefore affirmed the convictions.

On the afternoon of February 14, 1990, defendants Hoffman and
Smithen went to Penn Station in New York City to catch an Amtrak train
bound for Charlotte, North Carolina. While in the station, they attracted the
attention of two Amtrak police officers, which eventually led to a search of
a red duffel bag that Hoffman had identified as his. Inside, police observed a
pair of tennis shoes with socks stuffed into them; closer examination revealed
plastic bags containing cocaine base hidden inside the socks. They also found
a spray deodorant can that proved to have a false bottom containing narcotics.
At trial, the government’s case consisted primarily of the testimony of the
arresting officers, who recounted the events that occurred aboard the train.
None of the government’s witnesses made any mention of fingerprint evi-
dence, and the attorneys representing Hoffman and Smithen did not cross-
examine on that point.

During closing argument, Hoffman’s counsel argued that the unknown
passenger who had been seated next to Hoffman was actually a drug courier
who left the narcotics under a pillow on his seat when he saw the officers
enter the train in Washington. According to Hoffman’s counsel, Detective
Hanson had lied about finding the drugs in Hoffman’s bag to be able to
secure a conviction. Hoffman’s attorney then raised the question of finger-
print evidence:

If Officer Hanson had told you the truth in this case, wouldn’t he
after sending the drugs to the laboratory to be analyzed have sent
them to be examined for fingerprints?
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I mean I wouldn’t be here making any argument at all if this bag
containing cocaine had been examined by the police lab like they
should have done.82

The government objected to this line of argument on the grounds that
the record contained no evidence regarding whether the plastic bags con-
taining the narcotics had been tested for fingerprints and, if so, what result
was obtained. The district court sustained the objection and instructed the
jury to disregard the comments about the lack of fingerprint evidence.

The court ruled that defense attorneys must be permitted to argue all
reasonable inferences from the facts in the record, including the negative
inferences that may arise when a party fails to call an important witness at trial,
or to produce relevant documents or other evidence, where it is shown that
a party such as police had some special ability to produce such witness or
other evidence. However, the court continued, it was equally well-established
that counsel may not premise arguments on evidence that has not been
admitted. In this case, the only “evidence” on the fingerprint issue was purely
negative — i.e., the fact that the government did not introduce any finger-
print evidence at all. As the government conceded here, the absence of such
evidence was a relevant “fact” that properly could have been argued to the
jury. Hence, it would not have been improper for defense counsel to point
out to the jury that the government had not presented any evidence con-
cerning fingerprints.

Here, the court noted:

Hoffman’s attorney attempted to go far beyond merely pointing out
the lack of fingerprint evidence and arguing that its absence weak-
ened the government’s case. Rather, his argument was that because
the government had not produced fingerprint evidence, the jury
should infer that: (1) the police did not attempt to obtain fingerprints
from the plastic bags containing the narcotics; (2) this failure violated
standard police procedures; and (3) the fingerprint evidence, if
obtained, would have been favorable to Hoffman. Defense counsel
further asserted that these three inferences supported the additional
inference that Officer Hanson’s trial testimony was false… By mak-
ing these assertions, Hoffman’s attorney moved from arguing fair
inferences from the record to arguing the existence of facts not in the
record — viz., that the police did not look for fingerprints, that
fingerprints could have been obtained from the plastic bags containing
the narcotics and that standard police procedure required fingerprint
analysis.83
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Because neither defense counsel had laid any evidentiary foundation for
such claims, by, for example, asking one of the officers on cross-examination
whether the plastic bags were or could have been tested for fingerprints, and
whether standard procedure required such testing — Hoffman’s closing argu-
ment in that regard was improper. The court ruled that the Eley case was
distinguishable because the defense lawyer’s argument in that case was limited
to the contention that the absence of fingerprint evidence weakened the
prosecution’s case against his client — an argument that the government
conceded in Hoffman.84

In People v. Mafias,85 defendant was convicted in a bench trial of posses-
sion of controlled substance with intent to deliver and unlawful use of a
weapon by a felon. At trial, Chicago Police Officer Thomas Horton testified
that on February 5, 1996, he saw the defendant enter the apartment building,
a multiple-unit building containing a security door that led to a common
entry to front and rear apartments. After obtaining a search warrant the
officers, with a key recovered from defendant, opened the security door to
the common entrance, entered the building, and secured the apartment. The
officers noticed that a bedroom door next to the kitchen was locked with a
padlock and using a fourth key from defendant’s set of keys, the officers
unlocked the bedroom door. The officers then searched the bedroom and
found, underneath a pile of clothes next to two dressers, 3_-kilograms of
cocaine.

During their search of the apartment, the officers found no evidence that
defendant resided there, nor did they find any fingerprints of defendant
within the apartment. Defendant was then arrested. The trial court found
defendant guilty of possession with intent to deliver and unlawful use of a
weapon by a felon. In its ruling, the trial court emphasized that defendant
had keys not only to the apartment but to the padlock on the bedroom door,
where the drugs and guns were found, and no evidence indicated that anyone
else had a key to the bedroom padlock, supporting the possession charge.86

The appeals court noted that to sustain a charge of unlawful possession
of a controlled substance, the state is obligated to prove knowledge of the
possession of the substance and that the narcotics were in the immediate and
exclusive control of defendant. For both charges, possession may be actual
or constructive. Here, the court found that the evidence was insufficient to
prove defendant guilty beyond a reasonable doubt. The state relied heavily
on the testimony of Officer Horton and the keys recovered from defendant.
The state argued that the fact that the keys were on a single ring demonstrated
defendant’s guilt on a constructive possession basis. Here, the court ruled,
there was no corroborating evidence, such as defendant’s fingerprints in the
apartment, offered to link the defendant with the narcotics and weapons,
other than the testimony of Officer Horton. No utility bills in defendant’s
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name were discovered in the apartment, no fingerprint evidence was offered,
and the record indicates that others had access to the apartment. The pros-
ecution has the burden to prove that defendant was responsible for the
presence of the narcotics. The court concluded that these facts, combined
with defendant’s testimony, which was corroborated, cast doubt on defen-
dant’s knowledge of the possession of the contraband and cast doubt on
defendant’s immediate and exclusive control of the contraband.87

This chapter concludes with the analysis of two recent decisions address-
ing the general acceptability of lip print and ear print impression testimony.
Given the novelty of both approaches, they are examined in detail.

XI. Lip Marks 

The Review Papers note that a summary of recent lip-mark studies by Ball,
The Current Status of Lip Prints and Their Use for Identification, has been
published.88 Research is seen as definitely needed in all basic areas, legal as
well as scientific. 

Judicial examination of the general acceptability of lip print identification
testimony may be seen in a 1999 Illinois appellate decision involving lip prints
allegedly left on duct tape in a homicide case. In People v. Davis,89 defendant
was convicted of first-degree murder while attempting to commit armed
robbery, attempted armed robbery, and armed violence.

On December 18, 1993, Patrick “Pall Mall” Furgeson (Pall Mall) was shot
and killed at the Burnham Mill (the Mill) apartment complex in Elgin.
According to the forensic pathologist who performed the autopsy, Dr. Joseph
Cogan, Pall Mall died as a result of a gunshot wound to the abdomen from
a 12-gauge shotgun fired at close range.

Elgin Police Officer Michael Gough testified that he arrived at the Mill at
6:45 p.m. on December 18, 1993, to gather evidence. He found a shotgun leaning
in a bush with the stock sawed off and one spent 12-gauge shotgun shell in
the magazine. Around the side of the building, he also found a pair of black
nylon hose, a pair of work gloves, and a roll of duct tape. Because the ground
was wet but the items were dry, Gough concluded that the items were recently
placed there.

Leanne Gray, an Illinois State Police lab forensic scientist specializing in
latent print examination, testified as an expert in impression evidence. Gray
testified that she had found an upper- and lower-lip print on the first six to
eight inches of the duct tape’s sticky side and photographed the impression
to preserve it. She testified that lip prints, like fingerprints and other impres-
sion evidence, are unique and can be used to positively identify someone.
Gray further testified that she took standards of defendant’s lips, using the
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sticky side of duct tape and lipstick on paper. She performed a side-by-side
comparison of the standards and the photograph for about a month and a
half, focusing on the lower part of the lower lip, and could not determine
whether defendant made the impression found on the tape. She the mailed
the photograph and standards to Steven McKasson of the Southern Illinois
Forensic Science Lab in Carbondale, Illinois. On January 3, 1995, she traveled
to Carbondale, where she conducted additional comparisons with McKasson
and concluded that the lip print was made by defendant.

McKasson, a document examiner for the Illinois State Police, was qual-
ified as an expert after testifying in voir dire outside the presence of the jury.
He testified that lip prints are unique and that lip-print comparison is an
accepted form of identification. After comparing the lip prints, McKasson
found at least 13 points of similarity between a standard and the photograph.
He admitted that part of the latent print on the duct tape was not suitable
for comparison. McKasson concluded that the person who gave the standards
left the duct tape print.

Defendant argued that the trial court erred in admitting the lip print
evidence and the testimony of the state’s experts, Gray and McKasson, con-
tending that the trial court was required to conduct a Frye hearing before
admitting the lip-print identification because it was novel scientific evidence.
While agreeing that a Frye hearing is typically required to determine the
general acceptability of novel scientific evidence, the court observed that the
attorneys had an opportunity to question the state’s witnesses outside the
presence of the jury during voir dire. The first witness, Gray, was an experi-
enced latent print examiner with 10 years’ experience, which adequately
established her qualifications to discuss the matter of lip-print impressions.
The court then noted her support for this relatively rare form of impression
evidence:

Although this was the first time she was asked to conduct a lip print
comparison, she completed over 100,000 latent print examinations,
has been qualified as an expert in the area of fingerprint or impres-
sion evidence over 35 times, and she has given talks and in-house
training on latent print evidence Gray testified that lip-print com-
parison is not a new form of identification but it is seldom used
because lip prints are not readily available. Although this print is the
only case of which she is aware in Illinois in the past 10 years, the
methodology of lip print comparison is very similar to fingerprint
comparison. She testified that lip-print comparison is a known and
accepted form of scientific comparison. The methods used in her
comparisons are accepted within the forensic science community,
regardless of whether the comparison is a lip print or fingerprint. She
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opined, in accord with the Federal Bureau of Investigation (FBI) and
Illinois State Police, that lip prints, like fingerprints, are unique and
a positive means of identification.90

The state’s other witness was Stephen McKasson, a document examiner
and training coordinator for the Illinois State Police, where he had been
employed in the area of forensic science for 25 years, 18 of those years with
the Illinois State Police. While employed by the United States Postal Inspec-
tion Service, he performed thousands of fingerprint examinations each year.
He stated that he had previously compared lip prints in other cases. Regarding
lip-print impression technology, the court noted that:

According to McKasson, the basis for identification of impression
evidence is that everything is unique if looked at in sufficient detail,
and if two things are sufficiently similar, they must have come from
the same source. He testified that lip print comparison is an accepted
method of scientific identification in the forensic science community
because it appears in the field literature. He is unaware of any dissent
in the field regarding the methodology used to make a positive iden-
tification of a lip print.91

After each witness testified, the trial court had held that the state met its
burden to qualify the witnesses as experts, while admitting that this was a
“unique comparison,” in that lip prints have not gone into evidence “too
often” in the history of the court system. Nonetheless, the court found that
the witnesses were qualified as experts based on the scientific procedures
followed and the witnesses’ experience.

The appellate court agreed, while recognizing the rarity of such testimony:

The question of the admissibility of lip print identification is a
matter of first impression in Illinois. Thus, because lip-print iden-
tification is novel scientific evidence and has yet to be accepted in
a court proceeding, the trial court was required to hold a Frye
hearing. A Frye hearing determines the admissibility of novel
scientific evidence based on whether the scientific principle on
which it rests has gained general acceptance in the relevant scien-
tific community. As the experts testified, the scientific principle
upon which lip print identification rests is the same as fingerprints
and other impression evidence, i.e., that lip prints are unique and
that by employing a side-by-side comparison of a known standard
to a latent print, an expert will be able to positively identify wheth-
er the lips in the standard made the latent print. …The experts
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also testified that lip-print identification was generally accepted
within the forensic science community. They testified that the FBI
and the Illinois State Police consider lip prints as means of positive
identification, that the technique has been around since 1950, that
articles have been written about the subject, and that they did not
know of any dissent inside the forensic science community on their
methodology or whether lip prints were positive identification.92

In reviewing the witnesses’ uncontroverted testimony, it was apparent
that the trial judge considered the necessary facts to make a Frye determination
during the voir dire questioning and that defendant failed to demonstrate
any abuse of discretion.93

XII. Ear Impressions

The acceptance of ear impressions is a very long way off in the United States
and is looked at with some skepticism in Europe. The 14th Interpol Forensic
Science Symposium literature review of Crime Scene marks (foot and shoe-
wear, fingerprints, tire impressions, tool marks) says with reference to ear
marks:

In our opinion, the field of ear-mark identification is at its infancy
and would benefit from a structured program of research. Abbas
and Rutty published a useful guide to Web-based material on
earprints and concluded also that despite the availability of nu-
merous Web sites about the uses of the human ear in forensic
science, the true value of the ear in the process of forensic iden-
tification is still in its embryonic stages … Ear mark to earprint
comparison relies at the moment more on individual experience
and judgment than on a structured body of research undertaken
following strict scientific guidelines. The recognition process is
highly subjective and takes advantage of the extraordinary power
of the human eye-brain combination.94

The Review Papers note that the field of earprint identification is cur-
rently being researched through an initiative under the umbrella of the Euro-
pean community.

Following is an extensive analysis of a 1999 decision rejecting the admis-
sibility of forensic ear impression identification testimony. The decision
merits detailed study because it provides one of the relatively rare instances
of an in-depth analysis of the methodology of a proffered forensic discipline,
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let alone an outright rejection, based on a lengthy Frye-Daubert discussion.
Understand that European forensic specialists have not rejected earprint
expertise, but on the contrary, continue to write about it and include its
discussion in international forensic conferences.

As stated earlier, there has been, until the advent of DNA, a judicial
readiness to accept the methodological bases of virtually all of the forensic
sciences. The contemporary examination of RFLP, PCR, PCR STR, and
mtDNA has also demonstrated a very rapid acceptance of these complex
DNA technologies. The ear-print case, State v. Kunze,95 was preceded by one
unreported 1985 Florida trial court decision that rejected an earlier claim for
the legitimacy of earprint impression identification testimony.

In the Florida trial court decision in State v. Polite,96 an extensive analysis
was made by the judge in the process of refusing to accept earprint identifi-
cation as a recognized subspecialty in the field of forensic anthropology and
impression evidence. In excluding the ear-print evidence as scientifically
inadequate, the Florida trial judge stated:

The state’s witness claims to have made a positive identification
of the defendant by comparing a latent ear-print found at the
crime scene with a known ear-print of the defendant. This appears
to be a case of first impression not only in Florida but also in the
United States. There is almost no literature on ear-print identifi-
cation and certainly no case law on this issue of ear-print ident-
ification to guide the court. The state has offered two witnesses as
“experts” to support the admissibility of the ear-print identifica-
tion. The court finds that one of the state’s witnesses, Alfred V.
Iannarelli, is not to be recognized as an expert by the court in
determining the admissibility of this evidence.

The court notes that there were no true scientific tests performed
in making the ear-print identification. This identification was per-
formed strictly as a comparison test between a known earprint
and a latent ear-print. The state bases its data on the alleged
uniqueness of ears between individuals to establish the reliability
of the results of this type of identification. Forensic anthropolo-
gists recognize the possible uniqueness of an individual’s ears but
not as a means of identification.

The testimony presented to the court suggests that there is a sig-
nificant difference between comparing actual ears and photo-
graphs of ears and the comparing of ear prints to each other. Ear
prints are impressions of an ear. The evidence shows that the ear
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is a three dimensional object and is malleable. There are no friction
ridges as in fingerprints. Different pressures may cause different
results with the same ear or different ears to have similar ear prints.
Furthermore, there are no studies concerning the comparisons of
ear prints to establish their reliability and validity as a means of
identification. The reliability and validity of the results of com-
parisons of ear prints are not recognized or accepted among sci-
entists. There appears to be no science, as in odontology, existing
at this time which makes the comparison of ear prints possible
due to the alleged uniqueness of an individual’s ear characteristics.
Furthermore, the comparison techniques used in this case are not
sufficiently established to be deemed reliable. The comparison of
ear prints has not passed from the stage of experimentation and
uncertainty to that of reasonable demonstrability.97 

In State v. Kunze,98 decided 15 years later, in November of 1999, the
situation had not improved as regards the acceptability of ear impressions as
a legitimate tool in the identification of the perpetrators of a crime. In Kunze,
defendant was convicted of aggravated murder. The Court of Appeals held
that the state did not establish that latent earprint identification was generally
accepted in the forensic science community, as required for admissibility
under Frye test.

In the early morning hours of December 16, 1994, an intruder entered
the home of James McCann, who was asleep in the master bedroom. His son
Tyler, age 13, was asleep in another bedroom. The intruder bludgeoned
McCann in the head with a blunt object, killing him, and also bludgeoned
Tyler in the head, resulting in a fractured skull. 

The police were immediately interested in Kunze, who had been married
to one Diana James from 1976 to April 1994. Four days before the intruder
entered McCann’s home, James told Kunze that she and McCann were plan-
ning to be married. She testified that Kunze was upset by the news.

George Millar, a fingerprint technician with the Washington State Crime
Laboratory, processed the home for evidence. He discovered a partial latent
earprint on the hallway-side surface of McCann’s bedroom door. He “dusted”
the print by applying black fingerprint powder with a fiberglass brush. He
“lifted” the print by applying palm-print tape first to the door and then to
a palm-print card. The resulting print showed the antitragus and portions
of the tragus, helix, helix rim, and antihelix. Michael Grubb, a criminologist
with the Washington State Crime Laboratory, compared the latent print from
McCann’s bedroom door with photos of the left side of Kunze’s face. He
concluded that the latent print “could have been made by Dave Kunze.”
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He also thought that “(i)t may be possible to obtain additional information
by comparing the (latent print) to exemplar impressions.”99 

Millar and Grubb met with Kunze to obtain earprint exemplars. The
court recited the steps taken by them, noting that neither had taken an
earprint exemplar before, although each had practiced on laboratory staff in
preparation for meeting with Kunze:

For each of the seven exemplars they took, they had Kunze put hand
lotion on his ear and press the ear against a glass surface with a
different degree of pressure (“light,” “medium,” or “hard”). They then
dusted the glass with fingerprint powder and used palm-print tape
to transfer the resulting impression onto a transparent plastic overlay.
The reason Millar and Grubb took multiple exemplars is that they
were consciously trying to produce one that would match (i.e.,
“duplicate”) the latent print from McCann’s door. They knew that
earprints of the same ear vary according to the angle and rotation
of the head, and also according to the degree of pressure with which
the head is pressed against the receiving surface. They did not know
the angle and rotation of the head that made the latent print, or the
degree of pressure with which that head had been pressed against
McCann’s door. Hoping to compensate for these difficulties, they told
Kunze to use a different degree of pressure each time (“light,” “medi-
um,” or “hard”), and they looked at the latent print as they worked.100

Grubb, the one who testified, concluded that David Kunze was a likely
source for the earprint and cheekprint that were lifted from the outside of
the bedroom door at the homicide scene. Grubb testified to his extensive
qualifications as a criminalist. He had been working as a criminalist for more
than 20 years, was currently the manager of the state crime lab’s Seattle office,
although he had never before dealt with earprints, he specialized in firearm
and tool-mark identification, and had analyzed “impression evidence” of
other kinds. The court recited his basis for providing an earprint opinion. 

He admitted that he had not seen any data or studies on earprints, or
on how often an ear having the general shape of the questioned print in this
case appeared in the general human population. He had used transparent
overlays to compare the latent and the exemplars in this case, and stressed
that the use of overlays was a generally accepted method of making compar-
isons. When he compared the latent print with the exemplars taken from
Kunze, he admitted accentuating the exemplars taken with “a lighter amount
of pressure,” because those “more closely approximated … the impression
from the crime scene.” He opined that latent earprint identification was
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generally accepted in the scientific community, reasoning that “the earprint
is just another form of impression evidence,” and that other impression
evidence was readily accepted in the scientific community.101

Cor Van der Lugt, the primary European proponent of ear print meth-
odology, testified to extensive qualifications as a police evidence technician
in the Netherlands. He had been a Dutch police officer since 1971 and a
crime scene officer since 1979, had trained other crime scene officers for
many years, and had written “a lot of letters all around the world to people
who did something with earprints.” He admitted that he had not gotten much
response to his inquiries. He testified that he had adopted methods used by
one Professor Lunga of Germany, who had investigated what parts of the ear
look alike between parents and their children. He also testified to have relied
on methods used by a Mr. Hirschi of Switzerland, who had investigated the
relation of the height of defining of an earprint and the body length of the
offender. He testified that he had received over 600 cases for comparative
analysis and had made identification to his own satisfaction in “somewhere
between 200 and 250 cases.” 

On the basis of “somewhere between 100 and 200 prints,” he had con-
cluded that pressure distortion is not a problem that prevents one from
making identification or a comparison between ears, even though you must
“get the same pressure on the ear as the ear that was found on the scene of
a crime.” He opined that the solution was merely to take several exemplars
under different degrees of pressure, then “pick the one that comes closest”
to the latent print.

He had been to court in six earprint cases, all in Holland, and the judges
in those cases had not been concerned about his methodology; indeed, they
had accepted that an identification of an individual can be made by his
earprint. The witness did not present or refer to any published literature
stating that earprint identification was generally accepted in the scientific
community, but testified, nonetheless, as follows:

Q: Do you have an opinion as to whether … the uniqueness of the
human ear as a basis for personal identification is a notion that is
generally accepted in the Netherlands *983 and elsewhere among
those engaged in forensic identification?

A: It is accepted, yes.102

Alfred V. Iannarelli testified to his extensive qualifications as a law
enforcement officer. He had worked as a deputy sheriff in Alameda County,
California for 30 years, as the chief of campus police at California State
University at Hayward, and in several other law enforcement positions and
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had worked as a consultant on ear identification. He stated he became inter-
ested in ears in 1948, and over the next 14 years classified perhaps 7000 ears
from photographs (but not from latent prints). In 1964, he published a book
describing his system, which he called “earology” or the “science of ear
identification.” In 1989, he stated, he published a second edition through a
different publisher.103 He admitted that he had been prohibited from testify-
ing in a 1985 Florida case on the ground that his system of ear identification
was not generally accepted in the scientific community,104 but had testified
without objection in a 1984 California murder case. 

He stated that he did not know of any published scientific studies that
confirmed his theory that individuals can be identified using earprints, nor
did he assert that his system was generally accepted in the scientific community:

Q: Are you aware of any scientific research at all that would con-
firm your theory that ears are so unique that individuals can be
positively identified by comparing known ear prints with latent
ear impressions?

A: Ear photographs, not ear prints. Counsel, this is relatively a
new science.

Dr. Ellis Kerley testified to extensive qualifications as a physical anthro-
pologist. He had a doctorate in anthropology from the University of Michigan
and was a professor of long standing in that subject. He had taught the
anatomy of the human ear and had been President of the American Academy
of Forensic Sciences, and President and First Diplomate of the American
Board of Forensic Anthropology. He had worked on prominent cases such
as the assassination of President John F. Kennedy. He testified that while the
human ear was probably different for each person, he had no information
indicating whether one ear could be differentiated from another by observing
the ear’s gross external anatomy. He did not consider Mr. Iannarelli’s work
scientific, but rather, simply narrative, not reported in a scientific manner,
and not subjected to any statistical analysis. He also rejected Van der Lugt’s
approach of applying pressure until you could make the exemplar prints look
about the same as the latent print in issue, concluding, “we don’t do that in
science … (b)ecause we’re not trying to make them look alike.” 

He also stated that earprint identification had not been presented in
general scientific sessions or publications, and that he was not aware of any
scientific research or authoritative literature concerning earprint identifica-
tion. It was his opinion that earprint identification had not achieved “general
acceptance” in the forensic science community.105
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Professor Andre Moenssens testified to extensive qualifications as a fin-
gerprint examiner and law professor.106 Professor Moenssens testified in part:

Q: (D)o you have an opinion whether or not earprint identification
is generally accepted as reliable in the forensic science community?

A: (T)he forensic sciences … do not recognize as a separate disci-
pline the identification of ear impressions. There are some people
in the forensic science community, the broader forensic science
community, who feel that it can be done. But if we are talking
about a general acceptance by scientists, there is no such general
acceptance.

Q: Is there any evidence that earprint identification has ever been
tested by scientific methodology?

A: To my knowledge, it has not been.

Q: Or adequately subjected to scientific peer review?

A: If by peer review, you mean inquiry and verification and studies
to confirm or deny the existence of the underlying premise, that
is, ear uniqueness, to my knowledge that has not been done.

* * *

Q: With respect to earprint identification, has it ever been shown
that results can be reliably obtained in terms of an acceptable rate
of error?

A: To my knowledge, there has been no investigation in the pos-
sible rate of error that comparisons between known and unknown
ear samples might produce.107

While he agreed that one earprint could always be compared with
another, he noted that “(t)he question is whether that comparison means
anything.” He testified that he did not know of any generally accepted meth-
ods for recording ear characteristics or determining the significance of a
“match.”

George Bonebrake, a latent fingerprint examiner, testified that he worked
for the FBI from 1941 to 1978, that during his last three years with the FBI,
he was in charge of its latent print section, supervising 100 examiners and
65 support people, and was currently in private practice. He testified that he
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never identified anyone based on earprints, and to his knowledge no one else
at the FBI had either:

Q: Is there anything in the materials that you have read that
indicates earprint identification has been generally accepted in the
forensic science community?

A: No, sir.

Q: What is your impression of the state of earprint identification
at this point in forensic science history?

A: That there have been a few cases of individuals making earprint
comparisons and identifications, but I’m not aware of any study
or research that would indicate to me the uniqueness of earprints
when it comes to the comparison of (known) earprint impressions
… with the latent earprint impressions; that’s based on class char-
acteristics.

* * *

Q: Does the literature indicate that there are problems in attempt-
ing to obtain earprint exemplars?

A: Especially when it comes to pressure, yes, sir.

* * *

Q: Have you ever seen any authoritative text published in any
discipline of forensic science that’s gone on record claiming that
earprint identification is generally accepted in the forensic science
community?

A: No, sir.108

Tommy Moorefield testified that he was a fingerprint specialist with the
FBI in Washington, D.C., had worked for the FBI for 36 years as of December
1996; had conducted advanced latent fingerprint courses throughout the
United States; instructed new agents on collecting and preserving evidence;
and worked on both the Waco tragedy and the TWA Flight 800 disaster. He
testified that he was not “real sure” that earprint identification was generally
accepted in the community of forensic scientists, and was not aware of the
FBI collecting any data on ear prints.109
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William Stokes testified that he was a special agent and chief of all
photographic operations for the FBI in Washington, D.C. and had identified
individuals from photographs of their ears, but not from latent ear prints.
He stated that he had no knowledge of whether latent ear-print identification
was generally accepted by the scientific community.110 

Ralph Turbyfill testified that he is the long-time chief latent fingerprint
examiner for the Arkansas State Crime Laboratory and was able to identify
a person from an earprint in one case, because of hair follicles that were
peculiarly located. He had, however, tried unsuccessfully to identify people
from earprints in two other cases. He did not believe that ear-print identifi-
cation was generally accepted in the forensic science community, and he did
not know of any publication or treatise that asserted that it was so accepted.111

Gary Siebenthal testified that he had been an officer with the Peoria,
Illinois, Police Department for 23 years and a crime scene technician and
though he had identified a defendant from an ear print on one occasion, he
did not know of anyone who had proclaimed that ear-print identification
was generally accepted as reliable in the forensic science community. He also
did not know of any scientific research on reliable techniques for making
earprints or dealing with pressure distortions in any such attempts.112

Ernest Hamm testified that he had been a crime laboratory analyst-
supervisor in Jacksonville, Florida, for approximately 16 years and had made
earprint identification in one case. He testified that he had been able to do
that because the defendant had a very peculiar mark in the lobe area of the
ear. Although he personally believed that earprints could be identified, he
knew of nothing to indicate that earprint identification was generally accepted
in the forensic science community.113

At the end of this extensive Frye hearing, the trial court nevertheless
concluded that the principle known as individualization through the use of
transparent overlays, applied to the comparison of the latent impression in
the present case with the known standards of the defendant, and was based
upon principles and methods that were sufficiently established to have gained
general acceptance in the relevant scientific community, and as such was
admissible.

At the ensuing trial, the state called Grubb and Van der Lugt, but not
Iannarelli, to compare the latent print to the exemplars and to render an
opinion as to the results of the comparison of defendant’s ear print and that
lifted from the home of the victim.

Grubb testified that the latent print showed “the antihelix, the interior
portion of the ear; the helix rim, that is the top of the rim of the ear; tragus
and antitragus, two portions of the ear down below;” that he had compared
those anatomical features using transparencies; and that he had found “very
good correspondence of those features.” He opined, to a reasonable degree
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of scientific certainty, that “Mr. Kunze’s left ear and cheek [were] the likely
source of this [ear print] impression at the [crime] scene.” 

Van der Lugt testified that he also compared the latent earprint and the
exemplars by using transparencies and found “a few parts that correspond
completely,” but also some “differences.” He believed that the differences were
insignificant, because investigators would never find a 100% fit and that any
dissimilarities were caused “by pressure distortion.” Although he conceded
that no study had ever been published in the world that could tell the jury
how much correspondence was actually required to declare a match, he
nevertheless testified:

Q: Mr. Van der Lugt, as a result of your comparison of the Grubb
standards and your independent comparison of your own stan-
dards with the crime scene tracing earprint that was taken in this
case, do you have an opinion as to the probability that the defen-
dant’s left ear is the source of the latent impression which was left
at the scene of the crime in this case?

A: I do have an opinion, yes.

Q: What is your opinion, then?

A: I think it’s probable that it’s the defendant’s ear is the one that
was found on the scene.

* * *

Q: (H)ow confident are you of the opinion that you just expressed?

A: I’m 100 percent confident with that opinion.114

Kunze was convicted of aggravated murder, burglary, and robbery. He
was sentenced to life without possibility of parole on the murder conviction,
and to standard range sentences on the other convictions.

The court of appeals ruled that the main issue was the scientific accept-
ability of ear imprint testimony: This appeal timely followed.

The main question on appeal was whether Grubb and Van der Lugt could
properly opine, based on the similarities and differences that they observed
in the overlays, that Kunze was the likely or probable maker of the latent
print. Kunze said they could not, because they were relying on scientific,
technical or specialized knowledge not generally accepted in the relevant
scientific, technical, or specialized community. The state said they could,
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either because they were not relying on scientific, technical, or specialized
knowledge, or because they were relying on scientific, technical or specialized
knowledge that was generally accepted in the relevant scientific, technical, or
specialized community.115

The court noted that a forensic scientist must make clear the difference
between individualizing and class characteristics when opining about the
maker of a latent print. On the basis of class characteristics alone, a forensic
scientist could say that a suspect “cannot be excluded” as the maker of a latent
print, that the suspect “could have made” a latent print, or that a latent print
was “consistent with” exemplars. However, the court continued, on the basis
of individualizing characteristics — and only on the basis of individualizing
characteristics — a forensic scientist was allowed to opine that a suspect
made or probably made a latent print.

Here, the court observed, Grubb and Van der Lugt claimed that Kunze
probably made the latent print taken from McCann’s door, and therefore
were necessarily claiming that they had found, and were relying on, at least
one individualizing characteristic. However, the court emphasized, both
Grubb and Van der Lugt lacked personal knowledge of any individualizing
characteristic:

They could not have observed an individualizing characteristic like
a scar, tear, mole, or abnormal hair follicle, because the overlays did
not show any such feature. They were able to observe the antitragus,
tragus, helix, helix rim, and antihelix, insofar as shown in the latent
print, but each of those features was a class characteristic, not an
individualizing one. They were able to observe the relationship be-
tween the antitragus, tragus, helix, helix rim, and antihelix, insofar
as it was shown in the latent print, but a lay person using common
knowledge would have had no idea whether such relationship was
an individualizing characteristic; to conclude that it was, Grubb and
Van der Lugt necessarily had to be employing scientific, technical, or
specialized knowledge. We turn, then, to whether that knowledge was
generally accepted in the relevant community.116

In this case, the court observed, 12 long-time members of the forensic
science community stated or implied that latent earprint identification was
not generally accepted in the forensic science community. Criminalist
Grubb’s assertion of general acceptance was not based on solid ground:

He reasoned, essentially, that latent earprints are a form of impres-
sion evidence; that other forms of impression evidence are generally
accepted in the forensic science community; and thus that latent
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earprints must be generally accepted in the forensic science commu-
nity. [FN86] We reject his premise that latent earprints automatically
have the same degree of acceptance and reliability as fingerprints,
toolmarks, ballistics, handwriting, and other diverse forms of im-
pression evidence.117

The court concluded that the trial court erred by allowing Grubb and
Van der Lugt to testify.
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9Blood-Spatter 
Analysis

ANTONY

If you have tears, prepare to shed them now,

You do all know this mantle; I remember

The first time Caesar put it on;

Twas on a summer’s evening, in his tent,

That day he overcame the Nervii;

Look, in this place ran Cassius’ dagger through;

See what a rent the envious Casca made;

Through this the well-beloved Brutus stabbed;

And as he plucked his cursed steel away, 

Mark how the blood of Caesar followed it,

As rushing out of doors…

Shakespeare: Julius Caesar, Act 3, Scene 2

I. Introduction

Arterial spurting, expirated blood, flight paths, misting, wave casting, blood
dripping, satellite patterns, low, medium, and high velocity deposits, back
spatter, wipes, swipes, angular deposits, and off patterns, are just some of the
body of terms1 utilized in the very telling discipline of bloodstain pattern
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analysis. This strictly observation-based forensic tool is a highly specialized
crime scene procedure that is combined with the equally important skills
involved in forensic photography.2 It is commonly used in homicide and
suicide settings to determine the sequence of events, the distance of shooter
to victim, self-defense, mental states such as intent, and a number of impor-
tant crime scene dynamics that can be of inestimable use to both prosecutors
and defense counsel.3 

Luminol and phenolphthalein are used as presumptive tests in the field
to identify potential blood stains. However, the two tests can generate false
positive reactions.4 The tests can react to metal surfaces, cleansers containing
iron-based substances, horseradish, and rust. Neither test can distinguish
between animal blood and human blood, and they cannot determine how
long the substance has been at the scene. When a positive reaction occurs, a
criminalist must do a confirmatory test to conclusively determine that the
test sample is human blood. For these reasons, courts have been very wary
of accepting the scientific validity of blood findings. It is important, however,
to realize that luminol and phenolphthalein have been and continue to be
routinely used by police as investigative tools and as a basis for obtaining a
search warrant. There is a noticeable movement towards acceptance of these
chemical tests as presumptive proof of the presence of human blood at a
crime scene. Luminol analyses are often used in conjunction with blood-
spatter pattern analysis, central to many crime scene reconstruction efforts.5

The International Association of Bloodstain Pattern Analysts (IABPA)
Web site is an excellent resource to keep current as to the activities of blood-
spatter analysts throughout the world. The IABPA is an organization of
forensic experts specializing in the field of bloodstain pattern analysis. The
official site provides the following simple definition of blood spatter work:

Violent crimes can result in bloodshed. When liquid blood is acted
upon by physical forces, bloodstains and bloodstain patterns may
be deposited on various surfaces, including the clothing of the
individuals present at the crime scene. These bloodstain patterns
can yield valuable information concerning the events which lead
to their creation when examined by a qualified analyst. The in-
formation gained can then be used for the reconstruction of the
incident and the evaluation of the statements of the witnesses and
the crime participants.6

During the past 14 years, the FBI Laboratory has organized and spon-
sored scientific working groups, whose goal is to establish professional
forums in which federal, state, and local government experts, together with
academic and commercial scientists, can address practical issues arising in
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the various forensic disciplines. As a result of this effort the Scientific Working
Group on Bloodstain Pattern Analysis (SWGSTAIN) was established.7 In
addition to the IABPA Web site8 there are several excellent information
resources maintained by various police departments.9 

II. Blood Spatter: Presumptive Tests for Blood

Courts since the late 19th century have been willing to accept testimony from
both lay and expert witnesses that they observed what appeared to be human
blood. The modern case law has also focused on the scientific reliability of
luminol and other presumptive tests for blood. Testimony as to the simple
presence or absence of blood can have a dramatic circumstantial effect on a
case, and be the subject of sophisticated bloodstain pattern analyses. 

This issue was revisited in a 1998 murder case, Ayers v. State,10 an Arkan-
sas Supreme Court decision, where defendant was convicted of a capital
murder. Sometime between 12:00 midnight, February 24, 1995, and 1:00 a.m.,
February 25, 1995, in the parking lot of the Whisperwood Apartments on
Baseline Road in Little Rock, appellant Antonio Ayers and William Hall were
involved in an argument. As the argument intensified, Ayers drew a gun and
shot Hall once in the chest and once in the back, as Hall tried to run away.
Hall continued running from Ayers, but Ayers caught up with Hall and began
kicking him and beating him until Hall was left lying on the parking lot.
Ayers then left but returned in Hall’s vehicle and drove over Hall’s body. Ayers
then fled the scene in Hall’s vehicle, leaving Hall for dead.11

At trial, the state presented evidence showing that after appellant shot
the victim he got into Hall’s vehicle and drove over him. During the state’s
direct examination of Annette Tracy, a Little Rock Police Department crime-
scene specialist, Tracy described an exhibit as a photograph of the underside
of Hall’s vehicle with what appeared to her to be possible blood on the oil
pan. The state then moved to admit the photograph. Defendant objected to
the admission of the exhibit, claiming that it was not relevant and was unduly
prejudicial because Tracy had described only “possible blood.” The state
responded that subsequent evidence would establish that samples collected
from the underside of the car were identified as human blood of the victim’s
blood type. On that basis, the trial court admitted the photograph.

At trial, Scott Sherill, a forensic serologist with the State Crime Lab,
testified that the substance shown in State’s Exhibit 25 was indeed human
blood but that he was unable to determine the blood type. Defendant relied
on Brenk v. State,12 a 1993 Arkansas opinion, and the court here noted that
the Brenk case confronted the issue of whether evidence of luminol testing
should be allowed in light of the fact that luminol does not distinguish
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between certain metals, vegetable matter, human blood, or animal blood.
There the court had held that evidence about the use of luminol would not
be admissible unless additional tests showed that the substance tested was
human blood related to the alleged crime. Brenk clearly did not apply to the
facts of the instant case because luminol was not used and because serological
testing showed that the substance found underneath Hall’s car was, in fact,
human blood.13

In the instant case, the state having presented unchallenged evidence that
appellant drove over Hall in Hall’s vehicle after shooting him, the court found
that the state proved that Hall had, in fact, been underneath the car, where
the blood was found, at a time when he was bleeding profusely from newly
inflicted gunshot wounds. This, the court found, presented very convincing
circumstantial evidence connecting the blood found underneath the victim’s
vehicle with this crime.14

In State v. Canaan,15 a 1998 Kansas Supreme Court case involving pre-
sumptive tests for the presence of blood, defendant was convicted of premedi-
tated murder, aggravated robbery, and aggravated burglary. Sometime in the
morning hours of October 20, 1994, Michael Kirkpatrick was murdered. The
evening before, he was observed at a bar with Canaan. During the investigation,
neighbor of the deceased, one Jerry Staley, informed police that defendant
had been at the victim’s house the evening before and had been driving a
maroon Oldsmobile. Because the victim had been with Canaan, police went
to defendant’s home to ask what he knew of the homicide. The officers
observed a maroon Oldsmobile at Canaan’s home.

Defendant was soon after injured in a crash following a high-speed car
chase while attempting to evade arrest. During the investigation, the police
requested John Wilson of the Regional Crime Lab to conduct luminol tests.
Wilson tested Canaan’s Oldsmobile and house. During the course of the
investigation, John Wilson also performed a luminol test on the Oldsmobile
Canaan was driving the night of the murder, which indicated the possible
presence of blood on the left corner of the driver’s seat and door panel. An
additional luminol test of Canaan’s home showed the presence of bloody
footprints on the front porch and step and down the main hallway into the
master bedroom. The footprints turned at the edge of the bed as if someone
turned and sat down on the bed. The luminol also reacted when it was placed
on a watch found in a bedroom. Further presumptive tests validated the
reaction to blood on the Oldsmobile seat.16

Canaan then filed a motion asserting that the luminol testing failed to
meet general acceptability requirements of Frye, but the trial court found
that luminol testing had achieved widespread acceptance, was not really novel
or new, and, once the state laid its foundation for use in the instant case, no
Frye hearing was warranted.
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At trial, Canaan renewed his objection to the introduction of luminol
evidence, asserting luminol is only a presumptive test for blood. In other
words, it may indicate the presence of blood, but also reacts similarly with
other materials, including common household cleansers. The district court
ruled that the fact the luminol test was a presumptive test goes only to the
weight, rather than the admissibility, of the evidence. On appeal, Canaan
argued the district judge should have conducted a Frye hearing because
Kansas had never determined the reliability of luminol evidence.17 Addition-
ally, Canaan argued there was no evidence that state expert John Wilson was
qualified to testify as an expert in the field of luminol testing techniques or
as to the validity and reliability of the exact techniques he used in this case.

At trial, John Wilson testified that he had been the chief chemist at the
Regional Crime Lab in Kansas City since 1978, where he supervised other
chemists, analyzed various categories of trace evidence (such as blood) and
went to crime scenes when requested. He also taught two crime scene classes
a year for local law enforcement in Kansas and Missouri to train people how
to conduct a proper crime scene investigation. He had also earned a degree
in biology and chemistry and had worked at the Johnson County Crime Lab
two years prior to becoming the chief chemist for the Regional Crime Lab.
He had also attended a number of seminars on blood analysis presented by
the FBI, American Association of Forensic Science and others. His total
forensic chemistry career had spanned 23 years.18

Wilson started as a forensic chemist at the Kansas City, Missouri police
lab in 1973 and had been involved in forensic chemistry for approximately
23 years; had attended a number of classes and various seminars with the
American Academy of Forensic Science (an association of forensic scientists);
also attended a number of seminars at the FBI academy in Quantico, Virginia,
and classes on blood analysis at the University of California. Wilson further
testified that he had received training in luminol testing. He had completed
a number of classes at the FBI academy, including a crime scene investigation
course, and had attended various seminars with the American Academy of
Forensic Scientists and the Midwest Association of Forensic Scientists.19 The
court accepted expert Wilson’s careful description of the process of presump-
tive blood testing using luminol:

Wilson testified that luminol testing has been used by forensic
scientists for about 60 years. It has been available for approximately
80 years and scientific papers on luminol were published in the
1920s. He testified that he had conducted luminol testing hun-
dreds of times and has testified as an expert witness in other
criminal cases over the years regarding the results of luminol test-
ing…. Wilson explained how luminol testing works: luminol is a
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chemical that reacts with blood and undergoes a chemical reaction
that gives off light (chemiluminescence). When blood and luminol
come into contact, it essentially causes a very faint blue glow that
one can see in the dark. Luminol testing works by placing a lumi-
nol reagent in very small concentrations in a sodium hydroxide
water solution and then placing it in a spray mister, which creates
a very fine mist. The forensic chemist makes the area as dark as
possible because the actual spraying needs to occur in total dark-
ness. The forensic chemist then begins spraying the very fine mist
in the area to be searched for bloodstains. If blood is present, a
chemical reaction causes a blue glow. The chemiluminescence of
the blood and luminol mixture occurs if it is dark enough and
there is enough blood present. Luminol testing is extremely sen-
sitive, depending on what one is looking for and what surface is
being sprayed. It is sensitive to 1:1,000,000 to 1:10,000,000 parts
per million.20

Responding to defendant’s claims of the reaction of luminol to a number
of common nonblood substances, Wilson testified that luminol is actually
fairly specific for blood and that there are few things other than blood that
cause it to react. Forensic scientists, he continued, use it on a regular basis
as an investigative tool to locate crime scenes that have been cleaned and are
able on occasion to reconstruct what occurred at the crime scene, such as
the sequence of events, where the blood was, perhaps how it was cleaned up,
and maybe even tracks made by footprints that have blood on them. Luminol
could reveal tire tracks, shoe prints, and hand prints that were made in blood.
The duration of the luminescent results of a positive test before fading would
vary from a few seconds to several minutes, and ideally, it would last long
enough to photograph.21

The time it remains luminescent depends upon the material the blood
is on and how the spray that is being used affects it. In his years of experience,
Wilson has had occasion to have positive luminol results for footprints 20 to
50 times. There was one occasion where he was able to follow a person
outdoors across a public park for over a quarter of a mile. Wilson stated that
the luminol test is generally accepted as a presumptive test for blood in the
scientific community of forensic science and is recognized as reliable within
the scientific community of forensic scientists.

The court in Canaan ruled that only when there was a doubt as to the
scientific reliability of evidence must the state prove its reliability and accep-
tance of the science, and held that luminol testing was universally accepted.
The trial court did require the state to lay a foundation as to Wilson’s qual-
ifications to administer the test, and a review of Wilson’s testimony shows
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he was clearly qualified to administer the luminol tests and that the under-
lying science was reliable and accepted.22

Luminol also withstood challenge in the recent case of State v. Maynard,23

where defendant was convicted of second-degree murder and armed criminal
action. The Court of Appeals also held that a testifying police detective was
qualified as expert witness in Luminol testing.

Wendell Maynard lived with his girlfriend, Rewa Walker, in Kansas City,
Missouri. Walker spent the evening of March 10, 1993, with Lashawn Holl-
ingshed, Maynard’s cousin. According to Hollingshed, Walker called Maynard
from a pay phone between 10:00 to 11:00 p.m. to tell him that she was on
her way home and that she loved him. Walker’s body was found over a year
later. She had been murdered. Maynard was charged with first-degree murder
and armed criminal action.

Detective Owings found blood droplets on a living room mirror and
similar specimen scrapings on the fish tank in the living room. The detective
noticed visible blood splatters on the living room walls, ceiling, and door
molding and noticed a large bloodstain on a carpet remnant. Owings found
a steamer carpet cleaner on defendant’s porch that had blood in its internal
chamber; a checkered comforter with blood on it in the dining room; a table
in the kitchen with blood on it and two pieces of a gold-colored chain, a
gold-colored lion pendant and a broken gold-colored ring in the bedroom,
all with blood on them.24

Police performed Luminol tests on the stairs leading up to the front door
of defendant’s apartment, the dining room carpet, and the trunk of the
deceased’s automobile. The tests displayed a blue glowing color, which is a
positive indication of blood. Frank Booth, a forensic chemist with the
Regional Crime Lab, also testified that the positive tests indicated the presence
of blood. Booth agreed, however, that the presence of rust, dust particles, or
some cleaning agents could also cause a positive response.25

The police determined that the 24-inch bloodstain on the carpet remnant
was consistent with having resulted from a gunshot wound to the head. While
the blood splatters found throughout the house were not consistent with
gunshot wounds, they could have been caused by two persons fighting or by
moving a bloody object around. The bloodstains on the stairway leading up
to Maynard’s apartment were likely caused by someone’s dragging a bloody
object up or down the stairs. The bloodstains in the trunk of Walker’s Saab
were likely caused by a large bloody object being placed in the trunk. The
examination of a pair of coveralls showed that they contained blood stains
on the left hip area, and across the lap area, the back left shoulder and the
right sleeve.26

The court ruled that Detective Owings was sufficiently qualified to testify
as an expert about Luminol testing, because he had received training at the
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Regional Crime Lab from the Chief Chemist, John Wilson, with respect to
Luminol tests at crime scenes, and had conducted Luminol tests on multiple
occasions.27

The extensive nature of the modern crime scene investigation and pros-
ecution becomes apparent each year as defense counsel raise an increased
number and variety of challenges to the claims of modern forensic science.
Recent cases in a wide range of crimes, but especially in homicide and sexual
assault charges, serve as indicators of the complexity of modern crime scenes
and the extensive knowledge of forensic matters for which lawyers are respon-
sible. A single crime scene can involve many forensic science and concomitant
legal issues.

Considerable attention focused on this subject in the recent O. J. Simpson
and the Lyle and Eric Menendez murder prosecutions.28

Blood-transfer mechanisms, blood sequencing, and whether the nose or
mouth was involved in expirated blood and blood spatters are the stock in
trade of analysts in this area. Photography and string arrangements tracking
the type, shape, extent, and direction of blood material, whether large or
microscopic, can reprise the fatal event with an impressive degree of accuracy.
As evidenced in the second Menendez prosecution, a clear reconstruction of
just how a crime occurred can eliminate any number of defense arguments
based on accident, recklessness, or sudden panic by illustration, cold calcu-
lation, or the minimal amount of premeditation required to convict.29 For
example, arterial gushing produces characteristic bloodstain patterns on a
surface as a result of blood exiting under pressure from a breached artery;
medium velocity impact spatter is produced when an object, such as a base-
ball bat, strikes a bloody object, such as a victim’s head, at a velocity of
approximately 25 feet per second; and high velocity impact spatter occurs
when the velocity of the impact is at least 100 feet per second. This phenom-
enon is typically associated with gunshot wounds.

A pioneering study in this century was made by MacDonnell and Bialousz,
Flight Characteristics and Stain Patterns of Human Blood, National Institute
of Law Enforcement and Criminal Justice of the Department of Justice
(1969), although important judicial acceptance came as long ago as 1922.30

There are now several excellent texts, bibliographies, Web sites,31 and training
courses that address all aspects of this important forensic discipline.32 The
presence or absence of blood in and around a crime scene has been discussed
in cases since the beginning of the nation, although the type of discussion
concerning bloodstain pattern analysis is a phenomenon of the last quarter
of this century. 

In People v. Davis,33 decided by the Michigan Supreme Court, the defen-
dant was convicted of murder in the first degree, growing out of the killing
of one Earl Zang. Zang was found on the sidewalk near the corner of Fort
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and Sixth streets, in the city of Detroit, about 5 o’clock in the morning of
March 7, 1921. His death was caused by two knife wounds; one in the side,
and the other in the neck. Defendant was one of the deceased’s companions
earlier in the evening and was eventually charged with his murder.

Dr. John E. Clarke, a county chemist, examined spots of blood on defen-
dant’s coat. He explained the difference in appearance when the blood was
dropped on a garment and when it “squirted from a bleeding artery.” He was
then asked:

Q. Can you say that the blood was dropped on, or was squirted
on, * * * as by a bleeding artery? * * * 

A. My opinion is it was spread on.

Q. Sprayed?

A. Squirted.

This testimony was accepted without challenge to or discussion by the
court.34

The initial step is to identify the presence of blood at various points in the
crime scene. Luminol has been used by police for years as an investigative tool
to accomplish this. It has been subject to debate as to the utility of such
identifications as forensic evidence because of its tendency to indicate false
positives results. Luminol and phenolphthalein are used as presumptive tests
in the field to identify potential bloodstains. As noted, these two tests can
generate false positive reactions. The tests can react to metal surfaces, cleans-
ers containing iron-based substances, horseradish, and rust. Neither test can
distinguish between animal blood and human blood and they cannot deter-
mine how long the substance has been at the scene. When a positive reaction
occurs, a criminalist must do a confirmatory test to conclusively determine
that the test sample is human blood. The potential for luminol destroying
important markers needed for certain blood analyses was also cited as a concern
in the early part of this decade.35 Researchers continue to examine the effect of
luminol type products to effect later attempts at extracting DNA.36 The FBI
has published an important paper entitled Critical Revision of Presumptive
Tests for Bloodstains, which address this necessary step in the use of bloodstain
pattern analysis testimony. 37 Luminol findings are routinely accepted.38

III. Blood Spatter in the Courtroom

There are almost 100 reported cases each year discussing some aspect of
bloodstain or blood pattern expertise. It is a compelling common sense crime
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scene discipline, easily understood by court, counsel, and juries. This forensic
discipline has rarely been seriously challenged on reliability or general accept-
ability bases. A representative sampling of typical blood pattern or blood
spatter cases follows.

The constant presence of blood spatter and patterning in violent assaults
and murders is illustrated in People v. Mendez,39 a 2005 California case. Defen-
dant Edward Mendez was convicted of the voluntary manslaughter of one
Michael Gilligan. His codefendants at trial, Michael Davies and Robert Wright,
were also convicted as a result of the killing. Dr. Rulon, a forensic pathologist,
concluded that the cause of death was multiple sharp and blunt force injuries
and the injury to the neck. From the blood evidence, it appeared that the neck
wound was inflicted while the victim was on the ground. In all likelihood, he
was lifted up, his throat was cut, and he was put back down on the floor.40

Several areas of blood were found in the apartment. There was blood
from arterial spurting on the coffee table. There was blood spatter on the
coffee table, the wall by the victim’s head and the kitchen floor. This blood
belonged to the victim. Blood drops appeared on the brass strip at the thresh-
old of the front door. This blood belonged to Wright. Also, bloodstains were
found on the left arm of the couch and another bloodstain on the back of
the couch. The stain on the back of the couch was darker in color and
appeared older. The stain on the arm of the couch was from Davies; the stain
on the back of the couch was from Wright. A piece of skin found on the
broken glass window came from Davies. The blood on the kitchen floor had
shoe impressions; the impressions matched Davies’ shoe.41

On the evening of February 28, 2001, officers went to the park. They
talked to Davies and defendant. They came to the police station and their
clothes were seized. Davies had a laceration on his hand and scratches on his
neck and hands. There was a blood smear on the left leg of his jeans. Defen-
dant had an abrasion on his right cheek.42

The two small blood spots on defendant’s jacket came from the victim.
There was blood on Davies’s boot, sweatshirt, jeans, and socks. The stains
on Davies’ jeans matched his type. The human bloodstains on Davies’ shoes
and socks appeared to have been washed. 

IV. Blood Spatter: Expert Qualifications

While qualifications vary, courts are very willing to qualify experts on seem-
ingly minimum bases. A recent example is State v. DeVolt,43 a 2004 Arizona
Supreme Court decision that provides a good example of how the court will
qualify someone as a blood-spatter analysis expert with very little consider-
ation — even a Supreme Court in a very important death penalty case.
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Defendant was convicted of two counts of first-degree murder and several
other property crimes. He was sentenced to the death penalty and appealed.

Defendant claimed, in part, that a police detective was not qualified as
an expert witness in blood-splatter analysis and, therefore, he should not
have testified regarding the blood splatter found at the crime scene. The
detective testified that “there appeared to be spots of blood around the
perimeter — inside the perimeter of the garage, and it was in such a fashion
as to suggest that somebody had walked around something there. Presumably,
walked around a car in the garage.”

The court found that the detective qualified as a blood-spatter analysis
expert because he had attended crime scene management classes, a homicide
investigation class, and watched two training videos on blood-spatter analysis
as part of his advanced officer training. “While this training is not extensive,”
the court said, “it is significantly more extensive than the average person has
received and is sufficient to allow the testimony to be heard by the jury.”44

The court, therefore, allowed the testimony to stand.
In Holmes v. State,45 a 2004 Texas aggravated assault case, defendant

claimed that the blood spatter analysis should not have been admitted
because the expert witness’ only qualification was a 40-hour blood-spatter
analysis school and that the state did not establish the validity of the scientific
techniques in blood-spatter analysis.

In regard to qualification, the court found that the expert witness, a police
officer, had received adequate training to testify about blood splatter. Specifi-
cally, he had spent several hours studying weapons and blood velocities, pat-
terns, and sources at the police academy. The court found this case was similar
to another case where it decided there was “no abuse of discretion in qualifying
a witness as an expert in blood-spatter analysis where the witness had received
more than 60 hours of training, had read a book on the subject, and contended
that the methods used were of the type relied on by experts in the field.”46 

In regard to the foundation, the court found that, in sum, blood splatter
analysis was an acceptable investigative tool. The court believed that there was
no reason to find that blood-spatter analysis was invalid because there had
been several cases establishing its validity while there were no cases demon-
strating its invalidity. “None of (the relevant) courts held,” according to the
court, “that, after an extensive hearing, blood-spatter analysis was unreliable.
The courts either avoided the question or had nothing in the record before
them to make a determination.”47

In State v. Roman Nose,48 a 2003 Minnesota case, defendant was convicted
of first-degree murder while committing or attempting to commit criminal
sexual conduct. Defendant claimed, in part, that the state improperly told
the jury that it could infer the “spots of blood all over (the defendant’s) shirt”
proved that he killed the victim. Specifically, he contended that only an expert
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witness could interpret a blood-spatter analysis. The court found that the
state was not conducting a blood-spatter analysis in order to prove the posi-
tion of the victim’s body. The court believed that the state was merely refuting
the defendant’s claim that “he had merely wiped his hands on his shirt.”
According to the court, “The average juror, through experience and common
sense and without expert testimony, could determine that the presence of
spots of blood on the shirt is not consistent with (the defendant’s) testimony
that he wiped his bloody hands on his shirt.” Therefore, the court found that
the state’s comments did not amount to expert testimony.49

The qualifications of a forensic pathologist to give an opinion based upon
blow-back theory was addressed in the case of Commonwealth v. Begley,50

where defendant was convicted of kidnapping and first-degree murder and
was sentenced to death. Defendant argued, among other bases, that the trial
court erred in allowing the Commonwealth to present expert testimony
regarding “blow-back” theory through a serologist. 

The court ruled that it was not an abuse of discretion for the trial court
to allow the Commonwealth to present expert testimony regarding the blow-
back theory, even though the serologist was unable to scientifically establish
the source of the blood found on defendant’s glove or the shotgun that
defendant had borrowed. Testimony regarding the blow-back theory pro-
vided the jury with a potential scientific explanation for the presence of blood
on both the outside of defendant’s left-hand glove and on the inside of the
barrel of the shotgun, in support of the theory that defendant murdered
victim by shooting her in the head with a shotgun at close range. The court
ruled that given the physician’s practical experience as a forensic pathologist
and her educational experiences, including the class she attended on blood
splatter, the physician, who testified in first-degree murder prosecution, had
a reasonable pretension to specialized knowledge on the blow-back theory,
even though she was not a ballistics expert.51

At trial, Forensic Pathologist Dr. Funke, Ballistics Expert Corporal Bal-
timore, and Serologist Lee Ann Grayson all testified in relatively general terms
about the blow-back theory, which Corporal Baltimore explained during
trial, is “often referred to as a phenomena of blood or flesh or tissue coming
back towards the muzzle of a firearm — a discharged firearm after a person
or an animal in some cases has been shot….” As the theory relates to the
instant case, Ms. Grayson testified that due to the small amounts of blood
she found present on defendant’s glove and Tom March’s shotgun, she could
not scientifically identify the source of the blood on either item. Defendant
argued that this testimony regarding the blow-back theory was irrelevant and
misleading because the source of the blood found on his glove and on the
inside of Tom March’s shotgun could not be scientifically identified. The
court quickly rejected this position: 
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Appellant’s argument fails, however, because the testimony of
Dr. Funke, Corporal Baltimore, and Ms. Grayson regarding the
blow-back theory provided the jury with a potential scientific
explanation for the presence of blood on both the outside of
appellant’s left-hand glove and on the inside of the barrel of Tom
March’s shotgun. Moreover, if the jury accepted the blow-back
theory, this theory would strongly support the Commonwealth’s
position that appellant murdered Erica Miller by shooting her in
the head with Tom March’s shotgun at close range. If anything,
Ms. Grayson’s inability to scientifically establish the source of the
blood found on the glove and the shotgun would affect the weight
to be given to the expert testimony on the blow-back theory, not
its admissibility. Thus, the trial court did not abuse its discretion
by allowing the Commonwealth to present expert testimony on
the blow-back theory.52

Defendant also argued that the trial court abused its discretion by
permitting Dr. Funke to testify as an expert on the blow-back
theory because she is a forensic pathologist and not a ballistics
expert. The court found the pathologist to be adequately qualified:

Dr. Funke testified that she is a medical doctor, that she is board
certified in the areas of anatomic, clinical, and forensic pathology,
that she has conducted more than 1000 autopsies, and that she
has been employed as a forensic pathologist since 1993. She fur-
ther testified that in 1996, she attended a five-day class conducted
by Herb McDonald, a recognized expert on blood spatter analysis.
In addition, Dr. Funke testified that her training and practical
experience conducting autopsies on homicide and suicide victims,
including her observations of the homicide or suicide weapons
and the victims’ clothing, provided her with specialized knowl-
edge about what happens to body fluids when they are subjected
to a great amount of force.53

Defendant also additionally alleges that trial counsel was ineffective for
failing to cross-examine Serologist Grayson about her training and experi-
ence as an expert in blood stain patterns because she had only testified as an
expert on one prior occasion. The court also found this argument meritless:

Ms. Grayson testified that she was employed in the Serology Unit
of the Pennsylvania State Police Crime Laboratory and that she
had completed five courses, including one advanced course in
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bloodstain analysis. She further testified that although *298 she
had only testified once before as an expert in the area of bloodstain
analysis, she had testified as an expert in the area of serology
approximately 35 times. Despite the fact that Ms. Grayson had
only testified on one prior occasion as a blood stain expert, the
court qualified Ms. Grayson as an expert in blood-stain and splat-
ter analysis based on her other indisputable qualifications, includ-
ing her practical experiences as a serologist and her extensive
training in blood stain analysis. [FN30] Furthermore, because
Ms. Grayson readily admitted before the jury that she had only
testified once before as a bloodstain expert, the jury was aware of
this information even though defense counsel did not cross-
examine Ms. Grayson about it. Thus, the jury was free to consider
this information in weighing Ms. Grayson’s testimony. Given these
circumstances, appellant’s claim that defense counsel was ineffective
for failing to cross-examine Ms. Grayson about this information
fails.54

In State v. Ordway,55 the court set out the basic profile of an acceptable
presentation of forensic bloodstain pattern analysis. Here the defendant prof-
fered an insanity defense to charges of first-degree murder and theft in the
deaths of his parents and the theft of their automobile. A jury found him
guilty of two counts of second-degree murder and one count of felony theft.

Betty and Clarence Ordway lived approximately a mile west of Stockton,
Kansas. On Saturday evening, November 20, 1993, in response to a call from
the Ordways’ nieces, a sheriff ’s officer went to the Ordway house. Investiga-
tion disclosed drag marks leading to the garage where the officer found
Clarence Ordway’s body wrapped in bedding and partially concealed behind
some garbage cans. The body of Mrs. Ordway was found several days later
in the trunk of their stolen car. A search revealed blood spatters, sometimes
combined with what appeared to be tissue or fat, in a number of different
locations in the home. Betty Ordway also died as a result of shotgun wounds
in her right chest and one entry wound in her back, which caused damage
to her lungs, heart, liver, ribs, vertebrae, and aorta. In addition to the shotgun
wounds, the pathologist found bruises, lacerations, abrasions, and fractures
caused by impact with a blunt object.56

Ordway contended that the trial court, among other trial errors, abused
its discretion in admitting the blood-spatter testimony of Kelley Robbins, an
expert witness for the state. The core of the objection at trial was the state’s
failure to show that an adequate procedure for blood-spatter analysis was
followed by the witness, because she was neither qualified to testify as an
expert in blood-spatter identification nor had laid a sufficient foundation to
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show that she conducted the blood spatter testing in conformity with the
generally accepted standards in the scientific field. The trial court was satisfied
with the expert’s qualifications and proffered methodology.

Out of the hearing of the jury, Robbins described blood-spatter analysis
and explained its uses: 

Bloodstain pattern analysis is the evaluation of the size, shape and
distribution of patterns that are identified in blood. The purpose
is to possibly identify the activities that took place to deposit the
blood, and also possibly to identify the location of the individual
during the bloodshed…The first step involved is identifying basic
patterns. By identifying patterns I can then draw conclusions as far
as what type of activity took place to create those patterns. Those
are recognizable patterns and they are reproducible patterns.57

The witness proceeded to display some pattern standards, linking each
with its source. She exhibited and discussed examples of patterns created by
blood dripping from a wound, blood being pumped from an artery, a bloody
item coming into contact with a nonbloody item, blood spattered by the
force of a bullet, and blood cast off a swinging object. She elucidated the
procedure for finding the point of origin for the blood by noting the direction
stains point and measuring the width and length of stains. She also explained
that faint and trace stains could be detected by spraying them with Luminol,
a chemical that emits light in reacting with blood. At the time of trial, Robbins
had been a forensic scientist in the Biology Unit of the KBI Crime Laboratory
for more than nine years, had satisfactorily demonstrated proficiency in
blood spatter analysis after taking a 40-hour class on the technique, and later
attended a three-day refresher course. Her primary duties were in blood-stain
pattern analysis, and her educational background included a graduate degree
combining administration of justice, investigation, and chemistry. The court
noted that Robbins was nationally certified as a medical laboratory techni-
cian, had been regional vice-president of the International Association for
Blood Stain Pattern Analysts, and had been an assistant instructor in blood-
stain pattern analysis. The court concluded that she was a qualified expert
whose testimony established that the tests were reliable and were accepted
by the scientific community.58

In Eason v. United States,59 defendant was convicted of second-degree
murder of his fiancée while armed and possession of a firearm while com-
mitting a violent or dangerous crime. Eason argued on appeal that the trial
court erred in admitting expert testimony on blood spatter from individuals
not qualified in the field of blood-spatter analysis.
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Detective Thomas Campbell of the Metropolitan Police Department
Homicide Branch arrived at Eason’s apartment and found Lenear “in a supine
position on her back with her legs bent underneath her.” Lenear had been
shot in the left temple. Campbell observed a small tack hammer near the
body, and a Browning automatic .22 with a sawed-off barrel was found in a
backpack behind a door in the apartment. At trial Eason testified that he and
Lenear had been fighting, that Lenear had swung a hammer at him, which
he knocked out of her hand, and that she had retrieved a gun out of the
closet. Eason testified that he attempted to take the gun out of her hands and
during the course of the struggle the gun discharged.

Detective Campbell testified that based on his observations of the posi-
tion of the body, the blood spatter, and other things on the scene, he concluded
that Lenear was kneeling when she was shot. Dr. Silvia Comparini, the medical
examiner who performed the autopsy, also testified that based on examining
the wound and photographs from the crime scene, she concluded that Lenear
was most likely kneeling. Eason argued that the trial court erred in finding
Campbell qualified as a blood spatter expert and in allowing Dr. Comparini
to give a blood spatter opinion, because she was only qualified as a forensic
pathologist.

The trial court had concluded that Campbell could testify in this trial as
an expert in the area of the appearance and recognition of blood splatter, the
transfer of blood, and his conclusions in regard to the positioning of the
decedent at the time the blood spatter and transfer that he sees has occurred.
Campbell was a member of the Metropolitan Police Department for 16 years
including 4 years as a homicide detective, and had attended both investiga-
tor’s school and homicide school, where he learned to analyze the position
of victims and any blood at homicide scenes, which included specific instruc-
tion and experiments regarding blood spatter. Campbell had worked with
more experienced detectives analyzing blood spatter, and he had analyzed it
himself at innumerable crime scenes.60 The court noted that blood spatter
referred to blood that is ejected from the body after force has been applied.
Blood transfer or smudge occurred when something came into contact with
blood and smeared it on a surface. For example, a hand that touched spatter
and then smeared it across a surface makes a mark on a wholly new surface,
creating a blood transfer or smudge. 

The court found his opinion amply supported by his expertise when
combined with the case facts here:

When Campbell testified that in his opinion the victim was kneel-
ing when she was shot, he stated that his opinion was based on
the position of the body and that in relationship with the blood
spatter. Campbell previously testified that he found the victim
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“lying in a supine position on her back with her legs bent under-
neath her.” He also testified as to the location of the blood spatter
on her body including the underside of her foot which led him to
believe that at the time of the shooting her feet were not flat on
the floor. Finally Campbell testified that he saw no blood spatter
on the upper part of the door.61

The court noted that Detective Campbell did not attempt to engage in
sophisticated blood-spatter analysis involving more complicated calculations or
experiments, rather, his testimony concerned only the location of spatter and
transfers, the direction of the drip, and his opinion as to the position of the body
based both on the spatter and his visual observations of the victim at the scene.62

The court allowed Dr. Comparini’s testimony that in her opinion the
victim was most likely kneeling because her head had to be at a lower level
when the gun was fired. Comparini based her opinion on photographs of
the victim on the scene, where she noted that there were blood spatters on
the lower portion of the door. She pointed out how the blood dripped onto
the body consistent with the victim kneeling. She further testified that in
performing her autopsy she observed a muzzle imprint and soot at the site
of the wound indicating the muzzle of the gun was right against the skin.
Comparini also discussed the trajectory of the bullet once inside the victim’s
head.

The trial court allowed this testimony after Comparini’s qualifications had
been reviewed. She had been a deputy medical examiner for 10 years, had
studied and practiced anatomic and clinical pathology and serology, and
had conducted at least 2000 autopsies involving gunshot wounds and wit-
nessed another 12,000 autopsies. Based on her experience the court could
not find the trial judge erroneously exercised its discretion in allowing her
to testify as to the position of the victim at the time of the gunshot.

V. Blood Spatter: Crime Scene Dynamics

In State v. Perkins,63 defendant was charged with murder. In the late evening
hours of January 19, 1997, Lillian Perkins left the apartment of a friend and
drove, in her cab, to her apartment, where the decedent’s husband, Robert
Perkins, attacked her with a hammer. After striking Lillian’s head at least 15
times with the hammer, defendant put on a long-sleeved sweatshirt, shirt, and
coat to cover the blood spattered on his tee shirt. After returning to the apart-
ment with his son, defendant allegedly faked an exhibition of shock and grief.

The state presented evidence of Perkins’s guilt, including expert testi-
mony regarding the blood spattered on Perkins’s tee shirt and jeans. The expert
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testified that the blood spatters on Perkins’s tee shirt and jeans appeared to
be the result of a casting-off motion of the object used to strike the victim,
such as a motion used by hitting someone with a hammer, and that such
evidence was consistent with the trauma injuries suffered by the victim.64

In State v. Fleming,65 defendant was convicted of first-degree murder and
sentenced to death.

Defendant entered the home of the victim and assaulted him with a blunt
object. Based upon the blood-spatter marks found at the crime scene,
Anthony Jernigan, a special agent with the State Bureau of Investigation (SBI)
and a crime-scene specialist, testified regarding the dynamics of the assault.
He concluded that the assault began in the victim’s den and that the victim
moved from the middle of the loveseat to the north end of the loveseat. While
the assault continued, the victim moved from the den, to the kitchen, and
finally to the main hallway. Based upon an examination of the level of the
blood-spatter marks, the victim rose and fell approximately six different times
as his assailant hit him on the head.66

The court determined that this blood-spatter analysis testimony estab-
lished that the victim’s assailant entered the victim’s house and repeatedly
hit the victim on the head as the victim tried to escape, leaving a trail of
blood-spatter marks leading from the den, into the kitchen, and down the
main hallway. Then the assailant manually strangled the victim while the
victim unsuccessfully attempted to defend himself. Defendant’s watch and a
shoe impression that identically matched defendant’s shoe were also found
at the crime scene. While the watch and the shoe impression were not dis-
covered until three days after the scene was initially examined, they were
present in photographs taken at the initial examination. This evidence sup-
ported a reasonable inference that defendant was the perpetrator of the
murder.67

Another case centered on the location or position of a body when shot,
is the important 1997 Texas decision in Ex parte Freda S. Mowbray also
known as Susie Mowbray,68 where defendant was convicted of murder. She
subsequently petitioned for habeas corpus, alleging she was denied due pro-
cess by the state’s knowing failure to disclose a blood spatter expert’s report
supporting the defendant’s position that the victim committed suicide.

The deceased was shot in bed at night. The only occupants of the room
in which the shooting occurred were the deceased and defendant. The defense
theory was that she and the deceased were lying in bed with a pillow barrier
between them when she saw the deceased’s elbow point upward. When she
reached to touch it, the gun went off. She made a taped statement about the
shooting, and the tape was admitted into evidence. Witnesses to the defen-
dant’s statements recalled that she indicated that she had used her left hand
to reach toward the deceased. The state, however, introduced a crime lab
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supervisor’s analysis of defendant’s nightgown showing traces of lead or
gunshot residue on the lower right sleeve. That witness, Steve Robertson,
conducted tests with the gun found at the scene and opined that the residue
was consistent with someone firing that gun.

Estella Mauricio, who was dispatched to the Mowbray residence just after
the shooting, testified that she found the deceased, still alive and shot through
the head, lying on his left side and covered all the way up to his shoulder.
The bullet had entered the right side of his head, exited to the left, and
wounded his left hand, which was under his head with a pillow between his
head and left hand. The right hand was lying across his chest under the
covers. There was no blood or brain matter on the right hand and she did
not ever see his hand being washed at home or at the hospital. Dr. Dahm,
the pathologist, testified that if the deceased had shot himself, his right hand
would have been covered with blood and brain matter. He found no such
blood or brain matter on the deceased’s right fingers, hand, or forearm. Dahm
testified it would have been impossible for the deceased to have shot himself
and the hand to be clean, and concluded that the death was a murder.69 

Additionally, two blood spatter experts testified. Sergeant Dusty Hesskew
of the Austin Police Department testified on behalf of the state, and Captain
Tom Bevel of the Oklahoma City Police Department testified on behalf of
defendant. Generally, blood spatter experts inspect the physical evidence to
determine the injuries suffered and their location with respect to the other
physical evidence. In the instant case, both experts examined defendant’s
nightgown for “high-velocity impact (blood)staining,” which commonly occurs
within a short distance from a contact gunshot wound. Hesskew testified that
he identified and measured, through “luminol testing,” high-velocity impact
bloodstains on defendant’s nightgown, which were invisible to the naked eye.
Hesskew concluded the cause of death in the instant case was probably
homicide. Bevel testified that his examination of the physical evidence led
him to conclude the deceased could have died in the manner in which defen-
dant testified, i.e., suicide.70

The habeas judge heard a third blood spatter expert, Herbert Leon Mac-
Donell, the director of an independent forensic laboratory in Corning, New
York, who is viewed as the preeminent authority on the science of blood
spatters.

MacDonell was retained to review the photographs and physical evidence
in the instant case by the Cameron County District Attorney’s office approx-
imately seven months prior to trial. MacDonell’s examination of defendant’s
nightgown revealed no bloodstains either visible to the naked eye or under
a microscope, and concluded that it was very unlikely that defendant’s night-
gown was in close proximity to the victim’s gunshot wound at the time of
his shooting, or it was protected from spatter in some manner if it were. After
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reviewing the crime scene, the physical evidence and the photographs, Mac-
Donell’s expert opinion was that it was more probable than not that the
deceased died from a suicide rather than a homicide.71 At the prosecutor’s
request, MacDonell prepared and mailed to the Cameron County District
Attorney a written report of his findings approximately two weeks before trial.

MacDonell took issue with Hesskew’s use of luminol to measure blood
spattering. Noting that while Luminol is a substance that can react with blood
that is invisible to the naked eye, it was not accepted as a positive test for
blood. Luminol testing, he continued, was merely presumptive because lumi-
nol reacts with substances other than blood. In MacDonell’s opinion, the
luminescence from a luminol reaction could not accurately be measured. He
stated:

I think it would truly be an exercise in futility. I don’t think you
can put any reliability on it — I certainly wouldn’t — and I’ve
seen luminol sprayed many times. I’ve never heard of anyone
trying to measure it, count it, other than saying there appears to
be a dozen or more…. You could do it, but the validity of your
conclusion would be highly suspect in my opinion. In MacDonell’s
view, Hesskew did not understand the chemistry behind luminol
testing.72

Hesskew had testified he was retained by the Cameron County District
Attorney’s office as a blood-spatter expert and closely examined defendant’s
nightgown at the Department of Public Safety laboratory prior to the time
it was shown to MacDonell. Hesskew stated that he was present when the
nightgown was treated with luminol, and counted 48 small stain areas around
the stomach and chest of the nightgown that appeared consistent with high-
velocity stains. He even put on a similar nightgown and fired test shots into
a cardiopulmonary resuscitation (CPR) dummy’s head filled with blood in
an attempt to duplicate the staining he observed through the luminol testing.
Although Hesskew could not remember how he was able to duplicate the
bloodstaining, in his expert opinion, defendant, wearing her nightgown,
could not have been lying beside her husband at the time of his death. Thus,
Hesskew’s testimony contradicted defendant’s defensive theory.

Expert Hesskew admitted that his testimony included several assump-
tions that involved more than his own test results, most important of which
was that someone tested the invisible stains and determined them to be
human blood. At the hearing on the instant habeas application, Hesskew
conceded his trial testimony was not scientifically valid because no such
confirmation was ever made. In other words, he conceded that his ultimate
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opinion that the victim died as a result of a homicide, and that defendant’s
statements were impossible, had no scientific basis.

Captain Tom Bevel, defense expert, testified that it was impossible to
measure high-velocity impact blood spatter in the manner utilized by
Hesskew. He, like Hesskew, only performed presumptive tests on defendant’s
nightgown because Hesskew had informed him that the Department of Pub-
lic Safety laboratory confirmed human blood on defendant’s nightgown.
Because his trial testimony was based upon this erroneous premise, Bevel
concluded:

…with the inability to determine that … is blood that is there,
especially because we are talking about blood that is only invisible
to the unaided eye, I don’t think you can really say anything.73

Bevel believed the failure to conduct confirmation tests undermined his
examination and earlier testimony, and agreed with Hesskew that their trial
testimony was not scientifically valid.

Steve Robertson, a chemist in the Texas Department of Public Safety
(DPS) crime laboratory, testified that he examined defendant’s nightgown
and was present on three different occasions when the nightgown was sprayed
with luminol. The nightgown was also sprayed with three chemicals to deter-
mine the presence of lead residue and treated with heat and chemicals to
determine the presence of gunshot residue. His examination of the nightgown
revealed very small red stains, visible to the naked eye, lead residue, and a
yellowish stain. Robertson conducted two confirmatory tests on the red stains
to determine if they were human blood. Both tests resulted in negative results.
Robertson testified that, if the stains were blood, the tests for the gunshot
residue could have destroyed the protein in the blood and would cause a
negative reaction. Further, the chemicals sprayed on the nightgown could
have diffused or dissolved the red stains to the extent they were undetectable
without a microscope.

Prosecutors claim that they forwarded a copy of Dr. MacDonnell’s reports
to defendant’s trial counsel ten days to two weeks prior to trial, but did not
contact MacDonald to testify. A defense trial review expert also voted against
calling MacDonnell out of concern that he might change his mind about his
opinion in favor of the defense.

The habeas judge found that there was a rationale for both murder and
suicide and that the rationale for suicide was, at least, equally persuasive, the
deceased having vowed to kill himself. He had attempted suicide at least twice
prior to his death, on one occasion of which he had shot himself. The court
ruled that since the linchpin of the state’s case was the high-velocity impact



410 Forensic Evidence: Science and the Criminal Law, Second Edition

spatter (HVIS) allegedly found on the front of defendant’s gown, if there,
she could not have been prone in the bed at the time the shot was fired, and
was thus lying. 

Under these facts, the habeas judge determined the state violated defen-
dant’s due process right to a fair trial by suppressing evidence favorable to
the defendant. The appeals court here held that the habeas judge’s factual
determinations were supported by the record and, therefore, would be
accepted by it. Accordingly, the court ruled that defendant’s due process rights
were violated, and she was entitled to relief, and her conviction was set aside.74

In State v. Gattis,75 defendant Robert Allen Gattis was convicted of first-
degree murder and sentenced to death for the homicide of Shirley Y. Slay, shot
when she opened the door of her apartment. Gattis argued to the Delaware
Supreme Court that a forensic scientist would, if given the opportunity, testify
that the prosecution’s theory of the case was physically impossible. Based on
these assertions, the Supreme Court remanded the case, directing the court
to hold an evidentiary hearing if Gattis’ expert produced an affidavit to the
effect that the state’s theory of the homicide was impossible. Mr. Stuart James
submitted an affidavit stating that, based upon the evidence he had reviewed,
the state’s version of the events leading to Shirley Slay’s death was “not
plausible” to a reasonable degree of scientific certainty. He also stated that
opinions on forensic matters are rarely formulated in empirical terms such
as “impossible.”

James offered expert opinions on three fact questions: (1) the distance
the door to Slay’s apartment was open when the fatal shot was fired; (2) the
significance of certain bloodstain evidence, known as high-velocity back
spatter; and (3) Gattis’ opportunity to see Slay and enter the apartment.
These questions of fact, the court noted, were highly relevant to the legal
issue of intention, and, ultimately, to the question presently before the court,
which was whether trial counsel was ineffective for not calling a witness such
as James to testify on Gattis’ behalf. The Court addressed several key fact
questions: the distance the door was open; when the shot was fired; what was
indicated by the high-velocity back spatter; could Gattis see the victim before
shooting her, and whether he ever fully entered the apartment.

Conflicting evidence was gathered on the question of the distance the
door was open when Slay was shot. The evidence showed that by the time
the victim’s position on the floor was marked, six people had come and gone
from the apartment. When asked about this evidence, Dr. Galicano Inguito,
M.D., the medical examiner, stated that Slay probably fell where she stood.
However, he could not tell where the victim and the shooter stood when the
shot was fired because (1) the victim may have been moving away from the
shooter to protect herself, and (2) a reflex may have allowed her to move or
shift her position even after she was shot if she did not die instantaneously.
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He also stated that, based on the bloodstains around Slay’s head, her head
may have been moved as much as 7 inches after the murder by either para-
medics or other witnesses.

High-velocity back spatter was found on Slay’s telephone receiver but
not on the door, the adjacent closet wall, or the floor near the door. Expert
James in his affidavit concluded that the back spatter on the phone receiver
indicated that the receiver was within a few feet of Slay when she was shot,
and, in fact, the state and the defense agreed that Slay was on the phone when
she was shot. James also concluded that the lack of back spatter on the door or
wall indicated that Slay had probably not been standing near the door when
she was shot. The court found that defendant’s argument that he was denied
due process by not having been able to avail himself of expert James’ opinion,
and court ruled that it actually supported the state, not him:

It appears to the court that if James had testified at trial, this
portion of his testimony would have allowed the prosecution to
argue that Gattis’ testimony was contradicted by the forensics and
inconsistent with the opinion of his own expert, as follows. James
relied on the lack of blood spatter on the door or adjacent wall to
show that Slay was probably not standing near the door when the
gun discharged. However, the medical examiner testified that the
stippling and soot on Slay’s skin showed that the gun was fired at
a distance of 4 to 18 inches. If, as Gattis testified, he was standing
outside the door and, consistent with the forensics, Slay was within
18 inches of the gun (and hence even closer to the door which
was between them if Gattis was outside the door), the chances are
greatly increased that the door and/or wall would have shown
blood spatter, which typically travels no more than 2 to 3 feet.76

Expert James was also not able to resolve the question of Gattis’ position
when the gun discharged, and acknowledged that it was possible that Gattis
got all the way into Slay’s apartment. Thus, the court concluded, the crux of
James’ testimony was that Gattis’ version was more plausible than the state’s,
but that he could not say that the state’s version was impossible. Viewing
these opinions in light of the other testimonial and physical evidence, the
court concluded that James’ testimony would not have altered the result of
the trial.

In State v. Laws,77 defendant was convicted in the Superior Court,
Durham County (North Carolina), of first-degree murder. Earl Handsome
died on June 27, 1993, as a result of multiple stab wounds to his chest and
back. After interviewing potential witnesses at the scene, police were directed
to defendant, who subsequently confessed to the murder.
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The defendant, in his confession, stated that on the night of the murder,
he was walking home when the victim drove up and started a conversation,
whereupon defendant went to the victim’s apartment and drank vodka and
smoked marijuana with the victim. According to the defendant, the victim
made several sexual advances toward him, and after trying unsuccessfully to
stop him, the defendant grabbed a nearby knife and stabbed the victim in
the neck. The defendant stated that he ran for the door and tried to open it,
but the victim pushed it, at which point defendant grabbed a ceramic vase
and hit the victim twice, knocking him to the ground. When the victim
started to get back up, the defendant ran to the kitchen, got another knife
and started stabbing the victim again. When that knife broke off inside the
victim, the defendant got a pair of scissors and continued stabbing him. 

Dr. Deborah Radisch, a forensic pathologist, performed an autopsy on
the victim, which revealed several blunt-force injuries on the scalp and at
least 18 stab wounds to the victim’s chest and back. The blunt-force injuries
consisted of numerous abrasions and lacerations and a fracture of the bones
at the base of the skull, of a type and number to cause a loss of consciousness
for a short period of time. Dr. Radisch opined that the victim died from a
loss of blood due to severe damage to his lungs and heart caused by multiple
stab wounds to the chest.

Della Owens-McKinnon, a certified to bloodstain pattern analyst, testi-
fied that her examination found that most of the bloodstains were found in
the bedroom, with “overcast patterns” on the bedroom wall over the bed.
She testified that this type of bloodstain pattern occurs when blood is being
thrown off the tip of an object as it is being swung back and forth. She also
testified to finding “back patterns” on the bedroom wall, which occurs as an
object is being released or pulled out of the body. The bedroom stains
reflected the infliction of a minimum of three or four blows in the area of
the bed. She also observed “impact patterns” at the entrance to the bedroom,
which indicated to her that two or three blows were inflicted at that location.
She also found a trail of dripping blood and bloody handprints along the
hallway leading to large “transfer patterns” and smudges on the front door,
indicative of someone attempting to leave the apartment. Finally, she testified
as to impact spatters on the front door, which indicated to her the infliction
of a minimum of two to three blows at that location.78

The court concluded that when viewed in the light most favorable to the
state, the evidence shows three clear indicators of premeditation and delib-
eration, i.e., the defendant dealt lethal blows to the victim after he had been
felled, the killing was done in a brutal manner, and the victim suffered an
excessive number of wounds. 
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Defendant’s actions after the attack were also indicative of premeditation
and deliberation, inasmuch as defendant did not seek help or medical assistance
for the victim and did not call the police. After this brutal killing of the
victim, the defendant stole the victim’s jewelry and car and exchanged them
for cash to buy drugs. This evidence belied any spontaneous action in
response to an attempted sexual assault and implies a clear-headed decision
to kill for a purpose.79

In State v. Baston,80 defendant was convicted of aggravated robbery and
capital aggravated murder and, after a penalty hearing, was sentenced to
death.

Chong Mah, a retail merchant in Toledo, was found dead by his wife in
a rear storage room. He had been shot once through the head. Police found
a single .45-caliber hollow-point slug behind the wall paneling in the room
where the victim was found. An autopsy disclosed that he had been shot in
the back of the head at a range of two to three inches. Further investigation
led police to the defendant.

Among other issues, Baston argued that three evidentiary rulings by the
trial court deprived him of his constitutional rights. First, he argued that the
trial court erred in allowing Dr. Diane Scala-Barnett, a deputy coroner in
Lucas County, to provide expert testimony regarding (1) the distance from
gunshot to wound; (2) blood spatter, pooling, droplet, and transfer patterns;
and (3) cause of death. Baston argued that she was not qualified as an expert.81

The court noted that since 1985, Dr. Scala-Barnett had been a forensic
pathologist and a deputy coroner whose responsibilities include attending
scene investigations and performing medical-legal autopsies to determine the
cause and manner of death. She was board certified in both pathology and
forensic pathology. The court stressed the fact that while the state never
formally tendered Dr. Scala-Barnett as an expert regarding the distance
between the gun’s muzzle and the wound, during the course of questioning
to qualify her as an expert, defense counsel never objected or challenged her
qualifications to testify, thus waiving any objection now. The court ruled that
her experience as a deputy coroner and her board certifications in pathology
and forensic pathology qualified her to testify regarding the cause of death and
the distance between the gun’s muzzle and the victim’s head at the time the
gun was fired. 

The court noted that while defense counsel did object to Dr. Scala-
Barnett’s testimony as not being expert in blood spatter, and the trial court
sustained the objection, when the witness returned to the subject of blood
spatter, counsel did not object. Dr. Scala-Barnett then testified how the
blood spatter evidence led her and the police criminologist Detective Chad
Culpert to discover the spent slug behind the paneling. The court also
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observed that her testimony was similar to that of Detective Culpert, whose
qualifications were not questioned. Furthermore, the court concluded, the
testimony concerning blood spatter was helpful to an understanding of how
the victim was shot and ended up in a supine position, but it was not crucial
to any issue in dispute in this case. Assuming the admission of this evidence
was error, it was harmless beyond a reasonable doubt.82

In State v. Jacques,83 defendant was convicted of attempting to commit
murder and carrying a pistol without a permit. Deborah Messina, a state
criminalist, testified about blood found on the gunsight on a gun seized from
the defendant, and on the defendant’s jeans. She testified that a bloodstain
pattern made up of 24 high-velocity blood spatters on the lower-right front
of the jeans was consistent with a gunshot. Additionally, she continued, blood
spattering from an entrance wound, also referred to as back spatter, sprays
backward toward the weapon and the individual holding the weapon. Blood
spatter would travel approximately three to four feet from an entrance wound.84

A case examining the dynamics of a blood trail at a crime scene is Mills
v. Commonwealth,85 where defendant was convicted of murder, first-degree
burglary, and first-degree robbery and was sentenced to death. On August 30,
1995, Arthur L. Phipps was stabbed to death. Phipps’ son-in-law, Terry Suth-
erland, discovered Phipps’ body. On the day of the murder, Sutherland twice
went to Phipps’ house. On the first occasion, he left Phipps alive and in good
spirits. Upon arriving the second time, he discovered a trail of blood leading
up the front steps. He followed the trail of blood through the house. Suth-
erland found puddles of blood in the living room, and more blood in Phipps’
bedroom and bathroom. He followed the blood trail to the kitchen where
he found a pair of pants lying on the floor. Unable to locate Phipps inside
the house, Sutherland went back outside where he found Phipps’ body. While
securing the crime scene, State Trooper Clyde Wells discovered a trail of blood
leading away from Phipps’s body. Wells and another police officer followed
the blood trail to the front of a house rented from Phipps by Mills. Wells saw
blood on the exterior walls of the house, on the front door, and a trail of
blood crossing the front porch, which led to a window.86

A videotape of the crime scene was introduced with the testimony of
Detective Partin. During the playing of the videotape, Partin commented on
the images being displayed. Additionally, the videotape shows images of the
victim. There was no objection to the playing of the videotape, nor was there
any objection to Partin’s commentary. Prior to the playing of the videotape,
the following exchange between Partin and the Commonwealth’s Attorney
(CA) occurred:

CA: During your state police training, have you been trained in
the science of understanding blood patterns?
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Partin: Yes, sir.

CA: In doing so, are blood spatters part of the training?

Partin: Yes, sir.

CA: Explain to the jury what that is.

Partin: Blood-spatter training is when you look at the pattern of
blood on an object and being able to see how that pattern may
have gotten there. For instance, in a lot of stabbing cases, for
instance, if someone is stabbing someone the stabber would bring
the knife back this way; blood would be in like a streak, a dotted
streak. That’s called “cast off.” Anther type of spatters would be
like swabs of hair — hair type imprints against … walls, that type
of thing. Blood drops would be able to tell … whether this was a
drop coming straight down or (were) drops coming from a mov-
ing object.87

Defendant argued that this testimony was insufficient to establish Partin’s
qualifications as an expert witness in blood-spatter evidence. 

Initially, the court noted that defense counsel did not object to Partin’s
qualifications as an expert witness and that while the trial court did not
expressly recognize Partin as an expert witness, it did so impliedly by allowing
Partin to testify concerning blood spatter evidence. The court ruled that while
it believed that Partin was qualified to render expert testimony on blood
spatter evidence, even assuming that defendant was correct, any error was
harmless:

Partin referred to blood-spatter evidence only once during the narrative
of the videotape. Referring to blood spots seen on a wall in a particular room,
Partin concluded that Phipps was attacked in this room with a knife. This
conclusion was based on his interpretation of the blood spots, which he
characterized as being “cast off.” There was no dispute that Phipps was
stabbed repeatedly. Given all the other evidence linking Mills to the murder
and to the house, testimony that Phipps was stabbed with a knife in a
particular room could hardly have been prejudicial to Mills’ case.88

The rest of Partin’s testimony in connection with the narration of the
videotape, the court concluded, did not rely on any blood spatter expertise,
but was based on Partin’s own personal observations and perceptions of the
crime scene, which was proper lay testimony. The court observed that, with
the exception of the brief reference to blood spatter evidence outlined above,
Partin’s testimony as to the location of where the attacks occurred was rationally
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based on his perceptions of the crime scene, e.g., the pooling and the amount
of blood evidenced on the videotape.89

An interesting point of evidence law in relation to the admissibility of
forensic reports prepared by nontestifying experts is seen in State v. Tomah,90

where defendant was convicted of murder and robbery. Defendant’s blood
spatter expert, after submitting a report supporting defendant’s position that
he simply observed his codefendant beat the deceased, refused to appear to
testify. Because it was a written statement made outside of the courtroom
prior to trial that Tomah sought to offer in evidence to prove the truth of its
contents, and to support its conclusion that the blood spatter patterns illus-
trate that Tomah did not participate in the beating, Dr. Miller’s report fell
within the definition of hearsay. The court rejected his argument that such
reports were admissible under the business record exception to the hearsay rule:

Forensic expert reports are the antitheses of the business records
meant to be addressed by Rule 803(6). They are advocacy reports,
expressly prepared for litigation to support one party to the liti-
gation. Although the preparation of such a record is in the course
of the expert’s business of advocacy support, the preparation is
not routine and the record is not of the type that is contemplated
by the business records exception to the hearsay rule set out in
Rule 803(6). Indeed, that it is prepared in anticipation of litigation
is a common reason for a finding that a report lacks trustworthi-
ness… The trustworthiness and reliability of the report is not free
from doubt.91

Here the court noted Dr. Miller was an expert hired by Tomah. She
prepared the report, as an advocate, specifically for the purpose of its use at
Tomah’s trial. She had not viewed the blood-spattered pants on which she
based her report, but relied instead on photographs and statements made by
Tomah and codefendant Chesnel. Moreover, Dr. Miller, who was the authen-
ticating witness for the report, refused to appear at Tomah’s trial at the
appointed time. 

In State v. McClendon,92 defendant was convicted of manslaughter with
a firearm. The victim, who was defendant’s roommate, was fatally shot while
standing near the door of their apartment, defendant testifying that he was
asleep on the couch when he heard a loud noise. He awoke to find the victim
standing in the doorway, clutching her side and saying she had been shot.
There were no eyewitnesses to the shooting. Despite a search of the surround-
ing area, no weapon capable of shooting the fatal bullet was ever found. The
testimony of the state’s blood spatter expert allowed for the possibility that
the shots came from outside the room where defendant was sleeping, and
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the testimony of a neighbor explicitly disclaimed observation for the entire
period of time in question. Under these circumstances, the court ruled,
defendant’s motion for judgment of acquittal should have been granted.

In State v. East,93 defendant was convicted of two counts of first-degree
murder and sentenced to death, for the dual murder of his aunt and uncle
after a dispute about money.

Defendant objected to the qualifications of one Agent Tulley. The record
showed that Agent Tulley had extensive training and experience in crime-scene
collection and processing, and had earned a bachelor’s degree in criminology,
during which she took a crime-lab class, and had a master’s degree in criminal
justice. She also had numerous hours of training in crime-scene collection
and processing at the State Bureau of Investigation (SBI), specialized in
forensic crime-scene collection and processing at the SBI, and had testified
as a crime-scene specialist in over 75 cases. 

In People v. Bolin,94 defendant was convicted of two counts of first-degree
murder and sentenced to death. When sheriff ’s deputies went to defendant’s
cabin, they found one Huffstuttler’s body lying near a truck, and the body
of one Mincy was in the creek bed in a fetal position. Both had several fatal
gunshot wounds, and Huffstuttler had been shot with both a revolver and a
rifle. Over defense objection, the trial court admitted into evidence three
photographs of Mincy’s body, which criminalist Greg Laskowski used to
illustrate his testimony about blood spatters and drips found at the crime
scene. Using the photographs of the crime scene, he testified regarding the
various positions of Mincy’s and Huffstuttler’s bodies when they were shot.
Based on blood spatters and drips depicted in the photos, he indicated one
shot was to Mincy’s body while in a “fetal-like” position on its left side; as
to the other, his body was in a vertical position. He also concluded Mincy
“was moving at a relatively rapid pace” after being initially wounded. With
respect to Huffstuttler, he determined that for several shots the body was
prone and not moving.

Blood-spatter testimony is often encountered in cases centered in the
question of whether a death was the result of homicide or suicide. Blood
spatter is also commonly used in the death-penalty aspects of cases to dem-
onstrate the attribution of viciousness, or extreme cruelty or heinousness.

Blood-spatter or bloodstain pattern analyses will always be a staple of
crime scene analysis in homicide cases. It is perhaps the least “scientific” but
the most telling of the body of forensic disciplines commonly used in crime
scene analysis. Knowledge of this important member of the forensic sciences
is of central importance to prosecutors, defense counsel, and judges.

The IABPA Newsletters from June 2000–December of 2004 are available
at the IABPA Site, at www.iabpa.org.
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Endnotes

1. See Stuart James, Bloodstain Atlas and Terminology, Scientific and Legal Appli-
cations of Bloodstain Pattern Interpretation (CRC Press, 1999), at 177. [Blood-
stain Atlas and Terminology].

2. See, Training in Crime Scene Photography and Crime Scene Investigation, a
very useful site that has numerous links to photography sites. It is located at
http://www.staggspublishing.com/training.html. Also see, Bevel and Gardner:
Bloodstain Pattern Analysis (CRC Press, 1997); Stuart James (ed.) Scientific
and Legal Applications of Bloodstain Pattern Interpretation (CRC Press, 1999),
at 289 [Stop-Motion Photography Techniques].

3. See, Bloodstain Pattern Analysis Tutorial, by William G. Eckert and Stuart H.
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bloodstain pattern) wave cast-off, wipe pattern.

8. The Brazoria County, Texas, Sheriff ’s Department Criminal Identification
Division (Crime Scene Unit contains well-written and up-to-date bloodstain
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9. 334 Ark. 258, 975 S.W.2d 88 (1998).
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of the skull showed multiple fractures of the left temporal and parietal areas
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using medium-to-high force and the victim’s blood spatter on walls in the
corner of the room above the bed were consistent with the assailant having
been in the immediate vicinity of a direct impact of the victim’s head while
the victim was in an upright position in the corner of the room.
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N.E. 2d 1173 (Sp. Ct. Indiana 1999) (Blood found on top of table and blood
spatters on a wall calendar, admissible proof of a beating and stabbing in that
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the case proceeded to the penalty phase.)
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10DNA Analysis

It has been pointed out already that no knowledge of probabilities,
less in degree than certainty, helps us to know what conclusions
are true, and that there is no direct relation between the truth of
a proposition and its probability. Probability begins and ends with
probability.

John Maynard Keynes,
The Applicability of Probability to Conduct

I. Introduction

The history of the legal acceptance of DNA technology as a method to aid
in the identification of one or more participants in a crime has been a rapid
and relatively noncontroversial one. The judicial acceptance of various DNA
technologies, up to and including mitochondrial DNA, has been even more
rapid, to the point where judicial discussions of the scientific reliability of
DNA testimony have become centered in lengthy discussions of earlier DNA
cases rather than DNA technology itself.1 The DNA-related progression of
judicial acceptance of DNA technology has advanced from blood typing and
enzyme matching to approval of DNA laboratory-testing methodologies cat-
egorized as RFLP, PCR, STR, Random Amplification of Polymorphic DNA
(RAPD), and mitochondrial DNA testing.2

To clarify increasingly multifaceted trial discovery requirements, several
state supreme courts have drafted very detailed discovery provisions for DNA
in criminal cases that reflect the complexity of trial lawyers’ technical infor-
mation needs.3 These specialized DNA discovery provisions will experience
numerous revisions as DNA technology develops. The current Illinois
Supreme Court Rule may serve as an early example:
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Illinois Supreme Court Rule 417. DNA Evidence (2001)

ILCS S. Ct. Rule 417:

(a) Statement of Purpose. This rule is promulgated to produce
uniformly sufficient information to allow a proper, well-informed
determination of the admissibility of DNA evidence and to insure
that such evidence is presented competently and intelligibly. The
rule is designed to provide a minimum standard for compliance
concerning DNA evidence, and is not intended to limit the pro-
duction and discovery of material information.

(b) Obligation to Produce. In all felony prosecutions, post-trial
and post-conviction proceedings, the proponent of the DNA ev-
idence, whether prosecution or defense, shall provide or otherwise
make available to the adverse party all relevant materials, includ-
ing, but not limited to, the following:

(i) Copies of the case file including all reports, memoranda, notes,
phone logs, contamination records, and data relating to the testing
performed in the case.

(ii) Copies of any autoradiographs, lumigraphs, DQ Alpha Poly-
marker strips, PCR gel photographs and electropherogams, tab-
ular data, electronic files and other data needed for full evaluation
of DNA profiles produced and an opportunity to examine the
originals, if requested.

(iii) Copies of any records reflecting compliance with quality-
control guidelines or standards employed during the testing pro-
cess utilized in the case.

(iv) Copies of DNA laboratory procedure manuals, DNA testing
protocols, DNA quality-assurance guidelines or standards, and
DNA validation studies.

(v) Proficiency testing results, proof of continuing professional
education, current curriculum vitae and job description for ex-
aminers, or analysts and technicians involved in the testing and
analysis of DNA evidence in the case.

(vi) Reports explaining any discrepancies in the testing, observed
defects, or laboratory errors in the particular case, as well as the
reasons for those and the effects thereof.
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(vii) Copies of all chain-of-custody documents for each item of
evidence subjected to DNA testing.

(viii) A statement by the testing laboratory setting forth the meth-
od used to calculate the statistical probabilities in the case.

(ix) Copies of the allele frequencies or database for each locus
examined.

(x) A list of all commercial or in-house software programs used
in the DNA testing, including the name of the software program,
manufacturer, and version used in the case.

(xi) Copies of all DNA laboratory audits relating to the laboratory
performing the particular tests.

II. DNA Research Resources

What do courts, prosecutors, defense counsel and others interested in the
place of DNA technology and identification claims in the criminal justice
system need to know as we begin the 21st century?4 The DNA story in this
regard is a very short one when compared to the long history of Anglo-
American criminal trials. The first appellate court validations of DNA-match-
ing testimony were not even seen until 1988, in the decision by a Florida
appeals court in the case of Andrews v. Florida,5 where the court accepted
DNA print-identification evidence linking defendant to a sexual assault. Dur-
ing the 18 years since that decision, American courts have rapidly examined
and accepted the standard DNA testing methods of RFLP, PCR, PCR STR, and
the product method of conducting DNA statistical analyses. We have also
seen judicial acceptance of a variety of very specific laboratory procedures
and related issues, such as the general acceptability of commercially produced
DNA kits. The courts are also quickly moving toward a general acceptance
of the heretofore-challenged mitochondrial DNA identification technology. 

There are now a respectable number of authoritative texts,6 articles, and
Web sites addressing basic and specialized DNA subjects. There is also a rapidly
developing international consensus among DNA laboratories regarding stan-
dards for laboratories and DNA technicians, as a result of major support
from the FBI for working groups and conferences addressing these issues
across the world, especially in Europe, through the vehicle of Interpol.7

In November 2004, at Lyon, France, Interpol sponsored the 14th Inter-
national Forensic Science Symposium. The literature reviews in each of the
major areas of forensic science were published in its Review Papers, which
can be downloaded free at http://www.interpol.int/Public/Forensic/IFSS/
meeting14/abstracts.asp. An important part of this document is the Individual



428 Forensic Evidence: Science and the Criminal Law, Second Edition

Identification Evidence section, entitled: Recent Progress in Forensic DNA
Profiling: A Review: 2001 to 2004, prepared by Dr. Peter Gill of the U.K.
Forensic Science Services.

This extensive literature review focused upon the major advances in DNA
profiling technology during the period 2001 through 2004 and is subdivided
into several of the central categories of interest to those actively working in
the DNA field:

• Mixture interpretation using expert systems
• Mitochondrial DNA
• Low copy number STR DNA profiling and its relationship to con-

tamination
• Population genetics and the relationship to correction factors of

match probabilities
• Y-chromosome markers
• Autosomal single nucleotide polymorphisms (SNPs) and other new

DNA methods
• The forensic application of STRs in relation to national DNA database
• Recent steps taken by the Forensic Science Service to minimize the

danger of DNA sample contamination

In addition to brief but excellent comments on the more important
literature in these fields, Dr. Gill provides a bibliography of 57 studies in
these areas published in the Journal of Forensic Science, Forensic Science Inter-
national, and other focused DNA-related scientific journals.8 Dr. Gill con-
cluded his study by noting that:

There has been significant progress during the past three years in
the field of forensic DNA typing. The interpretation of STR pro-
files can be automated using expert systems; furthermore, inter-
pretation of complex mixtures and low copy number has been
enhanced. The development of Y-chromosome technology has led
to the introduction of new commercial kits. Promising advances
have been made in the area of SNP-typing and associated lab-on-
a-chip technologies, although clearly this has not yet come of age
in forensic terms.9

III. DNA: International Standards

Since the first edition of this book, international interest in DNA has increased
even more with the FBI and international forensics groups seeking to estab-
lish uniform standards for the identification, collection, testing, and use DNA
evidence in courts of law.
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An Interpol-sponsored international DNA Users’ Conference is orga-
nized every two years at the General Secretariat in Lyon, by the Interpol DNA
Unit and its advisory team, the Interpol DNA Monitoring Expert Group. The
aims of this conference are to introduce best practice models in Member States
and widespread application of contemporary DNA usage in criminal inves-
tigations. Topics to date have included DNA profiling; DNA Databases; From
the Scene of Crime; Quality Assurance and Training; DNA Evidence; Pro-
moting DNA; and Use of DNA in Criminal Proceedings.10

New books focusing on DNA technology continue to be published. To
learn about new DNA books, consult any of three Web sites on a regular
basis: Academic Press,11 ForensicNetBase,12 and Amazon Books.13 These three
Web sites, especially ForensicNetBase, thoroughly cover the field in the area
of forensic science.14

Increasing numbers of DNA studies continue to appear in the scientific
literature. In early 2005, a series of articles focused on various aspects of STR
DNA technologies was published in the Journal of Forensic Science, continuing
the STR trend exhibited by the more than 200 articles that addressed STR
DNA issues in the 2004 Journal volumes. Very recent articles describe case
studies in the area of mitochondrial DNA and the new area of canine DNA.15

The greatest number of important DNA articles is published by the presti-
gious Journal of Forensic Science. Most law-school libraries contain the full
set of past and recent editions of the Journal for study. You may also search
through the entire index of articles, with abstracts going back to 1981, by
visiting the Web site of the American Academy of Forensic Sciences (AAFS),
located at AAFS.org. A membership allows users to download the full text
of most recent articles in PDF format. Many more law review articles and
practice journals now address some of the important legal issues surrounding
DNA as an investigative and evidentiary tool in American courts.16

IV. DNA: Questions for Lawyers

This rapid development and proliferation of information about the latest
advances in the location, testing, and statistical validation of laboratory
matches and their ultimate use in the courtroom burdens the litigator in
attempting to stay current. However, regardless of the latest research, litiga-
tors must, in each case, it ensure they have considered and answered a series
of basic questions: 

• What is DNA, in both a theoretical, and, most importantly, a physi-
ological sense? 

• What is it that gives DNA laboratory and statistical identification
models their great and growing authority? 
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• Why is there no ability to make a positive statement of identity rather
than a “negative” response, utilizing extremely high numbers, in esti-
mating the chances of any such “match” appearing in the general
population being considered?

• How and where can DNA reside at a crime scene?
• Blood
• Semen
• Hair pulp
• Saliva
• Tissue and cells
• Hair shafts (mtDNA)
• Bones and teeth (mtDNA)
• Fingerprints

• What are the contemporary and prospective views on crime-scene
DNA collection, storage, and transportation procedures? The FBI is
issuing a number of proposed standards that will invariably be adopt-
ed by courts. The FBI Handbook of Forensic Services is available on
the Internet and is a steady source of information in regard to both
data collection standards and FBI laboratory procedures.17 The FBI
Web site, in particular the Forensic Communications section, should
be consulted on a regular basis.

• What does the concept of DNA laboratory testing mean in regard to:
• The actual physical manipulation of the subject crime scene

material?
• The preparation of the material for a laboratory “matching”

procedure?
• What are the visual results of any such procedure and what do they

mean?
• What is being compared preparatory to a proffered laboratory

“match” opinion?
• How many markers, loci, etc., are there that can be compared? If a

“match” opinion is based on less than all, how many and why? The
FBI is currently utilizing a 13-STR-loci match working standard.

• What test methodology is being used and how does it differ in physical
and procedural terms?

• What are the significant differences among restriction fragment
length polymorphism (RFLP), PCR, PCR STR, mitochondrial, or
nonhuman DNA tests, such as RAPD for plant comparison?

• Why is one test used over another? Are some tests better than others
in certain settings? Why?
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• How much of a match is any DNA laboratory “match” conclusion?
Is it any less tentative than hair, fiber, footprints, ballistics, or any of
the other conclusions reached by forensic scientists? 

• What is involved in a discussion of population statistics, the second
half of a DNA identification effort? What does it mean to testify to a
laboratory DNA profile match if it cannot be determined what the
frequency is of the appearance of such a profile in the general popu-
lation? What is the current thinking about the appropriate ways to
obtain an answer to this question? It is not possible to answer such
a question in instances of the other forensic sciences, and has never
been required. Is such an analysis always required in DNA cases? Why?
In instances where such queries are made, what databases containing
a body of previously tested DNA profiles are used?

• Who or what categories of individuals are in any such collections?
Do racial or ethnic differences matter here?

• What is the FBI CODIS DNA profiles database and how does it work?18

• What is mitochondrial DNA? How do its processes differ from the
more familiar and judicially approved methods of RFLP and variants
of PCR technology, especially with regard to databases? Why was
mtDNA downplayed for so long? Why is it receiving rapid judicial
approval as we enter the early days of the 21st century?

• What about nonhuman DNA-matching technologies, such as for dog,
cat, deer, whale, or plant DNA? How will these fare in the new cen-
tury? How do DNA analyses in animals or differ from that of humans
or from each other’s DNA that might exclude them from judicial
approval at this time? Are those technologies any less able to provide
solid circumstantial proof of presence at a crime scene than RFLP,
PCR, or even mitochondrial DNA investigations?

V. DNA Methodologies: RFLP 

RFLP, which until recently was the most widely used DNA analysis technique,
refers to restriction fragment length polymorphism. Many competent texts are
available for lawyers to acquaint themselves with the technical aspect of DNA
testing and RFLP testing in particular. An excellent overview is an early appellate
case about DNA testing that is the lengthy Maryland Court of Appeal’s decision
in the case of State v. Armstead.19 Following are descriptions of several important
decisions involving RFLP DNA testing and population-statistics projections
under the product rule model, and more extensive discussions of cases address-
ing PCR, PCR STR, mitochondrial, and nonhuman DNA methodologies.
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In People v. Miller,20 defendant was convicted of first-degree murder.
In September of 1993, the nude bodies of three women, Marcia Logue,

Helen Dorrance, and Sandra Csesznegi, were found in rural Peoria County.
The body of Marcia Logue was found in a drainage ditch in the 500 block
of South Cameron Lane on September 18, with a pillow case stuck in her
mouth. The body of Helen Dorrance was found 50 feet from Logue’s body
on the same date. The body of Sandra Csesznegi was found in a drainage
ditch near Christ Church Road on September 26. Csesznegi’s body was in a
state of advanced decomposition. All three women were known prostitutes
in the Peoria area.

On September 29, 1993, at approximately 11:30 p.m., Detectives Rabe
and Pyatt of the Peoria Police Department and Detective Hawkins of the
Peoria County Sheriff ’s Department went to the defendant’s Peoria apart-
ment to question him about crimes in the Peoria area. The search of defen-
dant’s apartment revealed two robes, female underwear, a broken miniblind
rod, and a brown and white cloth covered with what appeared to be dried
blood. The police also recovered pillows and a mattress from defendant’s
bedroom. These items had reddish-brown stains. Blood spatters were also
found on a wall of the bedroom and the bed’s headboard. A later search
revealed a glove, a throw rug, and more women’s underwear. During the
second search, the police collected hair and fibers.21

The state’s DNA expert, William Frank, testified that seminal fluid recov-
ered from Logue matched that of defendant. Such a match would occur in
7% of the Caucasian population. Blood recovered from underneath Logue’s
fingernails also matched that of defendant and such a match could be
expected in 1 in 465 million Caucasians. Bloodstains from a magazine, mat-
tress, pillow, and towel found in the defendant’s apartment and from the seat
of Faggott’s car matched that of Logue. Such matches would occur in 1 in
1.1 trillion Caucasians. Further, blood found on a napkin and a pillow taken
from the defendant’s apartment matched Dorrance’s DNA profile, with such
a match occurring in 1 in 466 billion Caucasians. Another bloodstain on one
of defendant’s pillows matched the DNA profile of Csesznegi with such a
match occurring in 1 in 1 billion Caucasians. On cross-examination, Frank
conceded that there were only five billion people in the world.

Defendant argued that the trial court erred in qualifying Frank to testify
about the general acceptance and reliability of deoxyribonucleic-acid (DNA)
evidence and in admitting the DNA evidence at his trial. The trial court held
a pretrial hearing on the state’s motion to admit DNA evidence. Frank was
the only individual to testify at the hearing on behalf of the state. The
defendant chose not to present any witnesses or evidence, notwithstanding
that he had been provided the time and funds to secure an expert. After hearing
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testimony on Frank’s background and training, the trial court qualified him
as an expert. Frank then testified regarding the restriction fragment length
polymorphism (RFLP) method of testing DNA and the manner in which
DNA matches are calculated, including the manner in which such calcula-
tions are made at the Illinois State Police Bureau of Forensic Sciences, where
Frank is employed. Frank testified that the techniques used by his laboratory
in calculating DNA matches and their frequency in a population were similar
to those used by the FBI. After hearing Frank’s testimony, the trial court held
that based on prior precedent in Illinois (FN1), the DNA procedures outlined
in Frank’s testimony were generally accepted in the particular scientific field and
such testimony and DNA calculations would be allowed at defendant’s trial.22

The court in addressing defendant’s arguments gave a brief account of
DNA profiling:

DNA is the genetic code that is found in the cells of the human body. A
DNA molecule is composed of more than three billion “base pairs” of four
different chemicals: adenine, thymine, cytosine, and guanine. The particular
pattern *185 of these base pairs dictates an individual’s genetic characteristics.
Most of a DNA molecule is the same from person to person. DNA profiling
focuses on those parts of the DNA molecule where there is a significant variation
of a base-pair pattern. The areas of significant variation are referred to as “poly-
morphic,” and base-pair patterns in polymorphic areas are called “alleles.” There
are approximately 3 million distinguishable polymorphic sites between individ-
uals. Although an examination of all of these polymorphic sites is not currently
feasible, an examination of a small number of polymorphic sites can establish
a DNA profile, which can be compared to that from another DNA sample.23

RFLP was the laboratory methodology used to achieve a match here and
testified to by expert witness Frank. The court made the following observa-
tions in accepting this technique:

Restriction fragment length polymorphism is a six-step process
which allows an analyst to physically see the results of a DNA
profile in the form of bands. Because the length of polymorphic
DNA fragments differs between individuals, individuals also tend
to have different positioning of the bands on DNA prints, called
an autoradiograph or autorad. An analyst makes a visual compar-
ison of DNA band patterns to determine whether known and
unknown DNA samples came from the same source, whether the
samples did not come from the same source, or whether the
comparison was inconclusive. If an unknown DNA sample has
not been excluded from a comparison, a computerized measure-
ment program is used to compare the lengths of the DNA fragments.
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If the DNA band patterns fall within a certain range, the samples
are declared a match.

For a match to be meaningful, a statistical analysis is required.
The statistical analysis determines the frequency in which a match
would occur in a database population. In this case, Frank used
the fixed-bin method of determining the frequency of an occur-
rence. The process of binning is a way of counting or grouping
bands and determining the frequency of the bands. The Hardy-
Weinberg Equilibrium is used to determine the frequency of a
particular band combination. Stated simplistically, the frequency
of one band is multiplied by the frequency of a second, and so
on. The product from this calculation is then multiplied by two
to account for an individual inheriting one strand of DNA from
his mother and one strand from his father. This result constitutes
the statistical frequency of a match within a certain population.
This process of binning and determining the frequency is also
known as the product rule.24

The court, in the instant case, held that expert Frank was clearly qualified
to explain and give an opinion regarding a match based upon RFLP and
product rule methodology. The court noted that he had a bachelor’s degree
in chemistry and biology; was working toward his master’s degree in biology,
his thesis being on DNA extraction methods; and that he had taken several
genetics courses and attended seminars and classes on DNA methods at both
the FBI and private laboratories. In addition, he had been certified by the
American Board of Criminalistics and had been subject to periodic testing
on DNA issues.25

With respect to the RFLP and product rule methodology used by Frank
as the basis of his opinion, the court ruled that the trial court did not abuse
its discretion in relying on the cases that supported the use of the RFLP
technique and the product rule. In addition to several Illinois appellate deci-
sions accepting this method,26 the court noted that Frank testified that the
procedures he used were the same as those used by the FBI. The court also
observed that the majority of courts deciding the issue of the admissibility
of evidence on the six-step RFLP process had found such evidence to be
admissible under several standards of admissibility, including Frye and
Daubert.27 There was little question that the RFLP technique itself was gen-
erally accepted in the relevant scientific community.

In Thomas v. State,28 a capital murder appeal, the court, noting continuing
affirmative findings in previous cases, concluded, under the facts of the case,
that the product rule technique used to arrive at the DNA-population-frequency
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statistical evidence in this case was reliable under Daubert. Expert Brewer
testified:

Q. Are the statistical methods used in your laboratory to calculate
an estimate of the significance of a DNA match generally accepted
in the relevant scientific community?

A. Yes. The standard statistical procedures that we use are routinely
used in medical and research laboratories as well as forensic lab-
oratories. The 1996 report from the National Research Council
specifically endorsed these measures.29

The court noted that while expert Brewer did not use the precise term
“product rule,” by his testimony that he used the “standard statistical proce-
dures” endorsed by the 1996 report of the National Research Council (here-
inafter NRC), along with his cursory description of the method, it concluded
that he indeed used the product rule.30

Thomas did not dispute the reliability of the application of the product
rule in the context of DNA forensic analysis; indeed, he recognized in his
brief that the product rule was the only valid method of computing the
frequency of DNA patterns. The court also noted that the product rule’s
reliability had been recognized by a significant number of jurisdictions.31

The Thomas case also contains a detailed analysis of the potential chain-
of-custody issues rising from the increased use and importance of DNA
crime-scene collecting procedures and laboratory testing. Here, again, the
issues raised through an alleged violation of the plain-error rule.

The court recognized that the increasing volume of DNA testing has
considerably added to the importance of proper handling procedures. In
regard to chain-of-custody requirements for critical DNA evidence, the court
noted the following statement from the NRC Report:

Even the strongest evidence will be worthless — or worse, might
possibly lead to a false conviction — if the evidence sample did
not originate in connection with the crime. Given the great indi-
viduating potential of DNA evidence and the relative ease with
which it can be mishandled or manipulated by the careless or the
unscrupulous, the integrity of the chain of custody is of para-
mount importance.32

More and more decisions address DNA-related chain-of-custody issues,
as defense arguments challenging DNA laboratory testing and population
projections continue to fall on deaf ears.
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VI. PCR DNA Methodologies 

The PCR, or polymerase chain reaction, method involves the copying or
amplification of a short section of a strand of DNA. PCR allows tests to be
performed on very small quantities of genetic material. In this method, the
DNA is extracted from a sample of cellular material, such as blood or sperm
cells. Then, depending on which genetic markers are being tested for, a
particular location or set of locations on the strand of DNA is isolated and
copied over and over until a sufficient quantity exists for testing.33 Unlike the
RFLP procedure, which is a much more accurate test used to establish a
statistical match, the PCR technique is generally used as an exculpatory tool
to “exclude certain individuals as possible contributors to a particular sam-
ple.”34 PCR can also be used on a much smaller sample obtained from a crime
scene and may replicate samples to allow for multiple testing opportunities.
The PCR method harnesses cellular enzymes to replicate portions of the DNA
so that a sufficient number of copies of the DNA can be obtained to perform
testing.35 

The 12th Interpol Forensic Science Symposium Literature Review, pub-
lished in 2001, noted that most laboratories were concentrating on DNA
evidence as the main form of biological evidence. The author of the paper
on DNA evidence, D. J. Werrett, concluded:

The trend is now firmly established toward PCR STR-based tech-
nology and, in particular, to multiplexing. There appears to be
widespread agreement as to the best choice of STRs and future
opportunity for worldwide collaboration on STRs that are being
added to current systems.36 

The ability of PCR testing to reach results in cases where the amount of
testable material is small or partially degraded, can be illustrated by a brief
summary of a 1999 Illinois Supreme Court decision. In People v. Davis,37

defendant was convicted of first-degree murder, aggravated criminal sexual
assault, aggravated kidnapping, robbery, and concealment of homicidal
death, and was given the death penalty. The state’s evidence showed that, on
Monday, August 21, 1995, Laurie Gwinn was reported missing after she failed
to arrive at her job with the county health department. The next day, some-
time after 11 a.m., Gwinn’s dead body was found floating in the Hennepin
Canal north of Annawan, Illinois. She was nude and was missing several
pieces of expensive jewelry that she always wore.38

A vaginal swab taken during Gwinn’s autopsy contained seminal material
and sperm cells. Kristin Boster, a forensic scientist and expert in deoxyribo-
nucleic-acid (DNA) analysis, testified that she isolated the DNA taken from
the swab and determined it to be too degraded for a restriction fragment
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length polymorphism (RFLP) analysis. Elizabeth Benzinger, a molecular biol-
ogist and also an expert in DNA analysis, agreed that there was insufficient
DNA to perform an RFLP analysis. She explained that the DNA was degraded
because the murderer had placed Gwinn’s body in the canal. Benzinger
therefore analyzed the DNA using the polymerase chain reaction (PCR)
technique. She compared the DNA taken from the swab to samples taken
from defendant, James Linsley, who was a close acquaintance of the victim,
and the victim. Benzinger concluded that Linsley could not have contributed
to the vaginal swab. Benzinger could not, however, exclude defendant as the
source of the semen on the swab. According to Benzinger, the percentage of
the United States population that could have contributed the DNA recovered
from the swab was 2.6% of white persons and 3.6% of black persons.39

A combination of DNA laboratory methods was successfully used to
convict the defendant in People v. Buss,40 a 1999 Illinois Supreme Court
decision involving a particularly gruesome murder of a child. Defendant was
convicted of six counts of first-degree murder, three counts of aggravated
kidnapping, and one count of aggravated unlawful restraint, and was sen-
tenced to death. Defendant was accused of luring a young male victim from
a popular Kankakee River dockside park and brutally murdering him. 

Deputy Scott Swearengen testified that he and another deputy were
searching the hunting areas of the Kankakee State Park during the early
morning hours of August 15. In a clearing at the end of a path leading from
the parking area of Hunting Area 7, they found the body of a small child in
a shallow grave under a sheet of plywood. Forensic evidence presented by
the state established that the body was that of Christopher Meyer and that
he had died from multiple stab wounds prior to sunset on August 7.

Other forensic evidence connected defendant to Christopher’s murder.
Experts testified to forensically important similarities between hairs, soil, and
footprint data taken from the area where the body was found and items seized
from defendant’s possessions.41

Forensic scientists from the Illinois State Bureau of Forensic Sciences
testified that there was human blood on the dent puller found in the trunk
of defendant’s car, that blood was found on the carpet from the trunk, and
that a stain of human blood had soaked through the carpet. There was also
human blood on a box found at the gravesite, as well as on the boots defen-
dant had placed in a motel dumpster, although the test to determine whether
the blood on the boots was human was not positive.

The court here accepted, without discussion, the testimony of William
Frank, the DNA Research Coordinator for the Illinois State Police Forensic
Sciences Command and an expert in forensic DNA (deoxyribonucleic acid)
analysis. Frank testified that he analyzed DNA extracted from an inhaler
prescribed for Christopher, from the carpet from the trunk of defendant’s
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car, from a piece of Christopher’s right femur, and from a bloodstained box
found at the gravesite:

Frank used two methods of DNA analysis: PCR and RFLP. Each
of these methods is used to identify particular characteristics of a
given sample of DNA. Those characteristics are referred to as the
“profile” of that DNA. Because each method of analysis, PCR and
RFLP, identifies different characteristics, two different profiles are
obtained by subjecting a sample of DNA to both types of analy-
sis…Frank used the PCR method to analyze DNA found on the
inhaler, carpet, femur, and box. The PCR profile of the DNA from
each of these items was the same. Frank calculated that this par-
ticular DNA profile could be found in one out of 19,000 Caucasian
individuals.

Using the RFLP method, which is more discriminating, Frank
compared the DNA in blood samples from Christopher’s parents
and defendant to the DNA in blood found on the box and carpet.
(Because the amount of DNA extracted from Christopher’s inhaler
and femur was insufficient for the RFLP method of analysis, Frank
used DNA from Christopher’s parents to determine whether the
blood from the box and carpet belonged to Christopher.) By com-
paring the DNA profiles he obtained, Frank determined that the
blood on the box and the carpet came from a child of Mika
Moulton and James Meyer, Sr., Christopher’s father. Frank calcu-
lated that the chance of two Caucasian parents producing a child
with the same RFLP DNA profile as the DNA found on the carpet
and box was one out of 3.8 million.42

After preparing both a PCR and an RFLP profile for the DNA found on
the box and carpet, associated with defendant’s vehicle, Frank proceeded to
estimate the frequency of DNA with both of these profiles in the population,
concluding that a person with such DNA would occur in the Caucasian
population only 1 out of 419 million times. 

VII. STR DNA Methodologies

In People v. Allen,43 defendant was convicted of special circumstances murder
and forcible rape. The state offered the results of laboratory DNA testing by
the short tandem repeats (STR) method on a semen stain from the crime
scene. The court ruled that this was competent evidence of general acceptance
of testing in the scientific community.
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Paul Colman, a senior criminalist for the Los Angeles County Sheriff ’s
Crime Laboratory, conducted a DNA analysis on the semen stain. He typed
six genetic loci by the RFLP testing process and found that two of those loci
matched Allen’s DNA sample. Colman concluded the DNA from the semen
stain could have come from Allen, and calculated that the odds of a randomly
selected African-American having the same two loci combination would be
6200 to 1.44

Testimony on these same samples was also provided by Dr. Charlotte
Word, a microbiologist and the deputy director of the prominent Cellmark
Labs. Cellmark performed PCR testing, a method used when there is only a
limited supply of DNA available for testing. Cellmark used three different
kinds of PCR testing: DQ-alpha (which tests a single genetic marker), poly-
marker (which tests five genetic markers), and STRs (which test three genetic
markers). The testing included a total of nine genetic markers when the
results of all three tests were combined. Dr. Word put the random match
probability as determined by the DQ-alpha and polymarker testing at 1 in
1,700 African-Americans. She concluded from these results that defendant
could not be excluded as the source of the semen. Word specifically testified
that the STR results had not excluded Allen as a source of the semen. Based
on a combination of these results, Dr. Word testified she had concluded that
Allen was the source of the semen stain, “within a reasonable degree of
scientific certainty.”

Allen argued that the trial court erred by (1) finding that STR testing
was generally accepted in the scientific community, and (2) by admitting STR
testing results while excluding the corresponding statistical probability evi-
dence. The court rejected defendant’s arguments, noting that two out-of-
state cases had approved STR testing.45

The court noted that in the 1997 case of Commonwealth v. Rosier,46 the
Supreme Court of Massachusetts had affirmed a trial court’s finding that STR
testing was scientifically reliable. The Rosier case was quoted as follows:

The defendant’s appellate counsel appears to suggest that STR
testing is unreliable because it is too new. No specific scientific or
forensic evidence or literature is offered to support that sugges-
tion. The judge heard testimony that, in 1991, several years before
the STR kit became commercially available, Cellmark, working
under contract to the United States Government, used STR testing
to identify the remains of soldiers killed in Operation Desert
Storm, and that, by the time of the hearing, Cellmark had per-
formed STR analysis in approximately fifty cases and had been
permitted to testify as to its test results in at least five cases. While
we have not been directed to any decisional law approving STR
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testing, an authoritative scientific study, the 1996 report of the
National Research Council entitled, The Evaluation of Forensic
DNA Evidence (1996 NRC Report), has concluded that STR test-
ing is “coming into wide use,” that “STR loci appear to be partic-
ularly appropriate for forensic use,” and that “STRs can take their
place along with variable number of tandem repeats (VNTRs) as
forensic tools.” The latter comment appears to recognize that STR
testing is similar in principle to the RFLP (or VNTR) method,
which has been found to be reliable. Based on the evidence before
him and his careful analysis of the subject, the judge properly
concluded that the methodology underlying the PCR-based tests
in this case, including the STR testing, was scientifically valid and
relevant to a fact at trial.47

The Allen court also noted that in 1998, in State v. Jackson,48 the Supreme
Court of Nebraska affirmed a trial court’s finding that the prosecution had
shown STR testing was generally accepted by the relevant scientific commu-
nity, emphasizing that a director of the University of Nebraska Medical Center
laboratory had testified that PCR STR testing was generally accepted in the
scientific community. The expert had testified that this method had “been
around several years now, and there is nothing unique about PCR STR versus
any PCR.”49 The Jackson court concluded that based on this evidence, we can
only conclude that the trial court was correct in determining that the PCR
STR DNA test used in the instant case was generally accepted within the
scientific community.

Finally, in response to Allen’s argument that there was no evidence that
STR testing had been validated by the time it was utilized in this case, the
court stated that the issue was not when a new scientific technique is vali-
dated, but whether it is or is not valid, which was why the results generated
by a scientific test once considered valid can be challenged by evidence the
test has since been invalidated.50

Considerable effort is currently being expended to achieve uniform stan-
dards for PCR testing in the European Community. The major umbrella
organization in coordinating this work is Standardization of DNA Profiling
Techniques in the European Union (STADNAP).51 The organization sum-
marizes its research plan and goals on its Web site: 

Project Summary

DNA profiling has become a standard technique in criminal investigations,
because results can be obtained from any source of biological material provided
it contains nucleated cells with genomic DNA. Due to the rapid progress in the
field during the last ten years, parallel developments of methods and typing
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systems have been made in the laboratories involved in forensic DNA profiling.
This has resulted in heterogeneity of typing procedures and genetic systems used
for forensic casework within the European Union. However, intercomparison of
DNA typing results becomes not only desirable, but absolutely necessary within
Europe as mobile serial offenders will not be detected by DNA profiling unless
methods are standardized.

On the basis of current cooperative efforts with 20 other European part-
ners, STADNAP fosters the following series of goals:

Based on cooperative structures that have been already established inde-
pendently among the network partners, the objectives of the STADNAP
network are to: 

1. Define criteria for the selection of forensic typing systems based on
the PCR technique suitable for European standardization

2. Evaluate PCR systems for forensic stain typing
3. Exchange and compare methods for the harmonization of typing

protocols
4. Carry out exercises for intercomparison of forensic typing results
5. Recommend reference PCR typing systems for European standard-

ization
6. Exchange data for compilation of reference frequency databases for

the European populations52

VIII. DNA Mixture Cases

In State v. Mason,53 defendant was convicted of the murder of a coworker
Hartanto Santoso in a violent encounter. Police found a great deal of blood
on the interior and exterior of Santoso’s car. While all of the blood on the
exterior and most of the blood on the interior matched victim Santoso’s
genetic profile, samples from the driver’s seat contained a mixture of blood
belonging to Santoso and another source. During its case in chief, the state
called Dr. Edward Blake, a forensic scientist specializing in DNA, to testify
about his findings after analyzing the mixed DNA sample.

Blake testified that the chances that Mason was not a source of the sample
were one in 14 trillion. In response, defense counsel sought to introduce the
testimony of neurogeneticist Dr. Randall Libby. The state interviewed Libby
the night before he was to testify. During that interview, Libby disputed
Blake’s method of interpreting the sample, discussed the difficulties associ-
ated with interpreting mixed DNA samples and the inadequacies of
Dr. Blake’s method of interpretation, and stated that 30 percent to 80 percent
of the population cannot be excluded from a mixed DNA sample. According
to the state, Libby also stated that he was unable to provide names of scientists
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or published papers to support his view and that his opinion was based only
on his 25 years of experience as a geneticist. Based on this interview and
citing Frye v. United States, the state moved in limine to exclude that portion
of Libby’s testimony that states that at least 30 percent of the population
cannot be ruled out as possible sources of the DNA mixture.54

During that hearing, Libby provided a treatise to support his opinions
and named several scientists who shared his interpretation. The court found
that the defense presented no scientific authority supporting Libby’s specific
conclusion that 30 percent to 80 percent of the general population cannot
be excluded when interpreting blood mixtures. The court noted that if Libby’s
statistic was true, there would be no use in interpreting mixed DNA samples
at all, as such samples would be worthless. And if mixed DNA samples were
worthless, there would be some authority saying so, but the court found
none. Therefore, the court excluded Libby’s testimony, but only that portion
where he opined that at least 30 percent of the population cannot be excluded
from mixed DNA samples.55

The appellate court found that the court did not refuse to admit Libby’s
opinion that mixed DNA samples are difficult to interpret, nor did it take
issue with Libby’s preferred statistical calculation method. It simply wanted
scientific confirmation of Libby’s “30% to 80%” statistic, and the defense
presented none. The trial court did not err by refusing to admit this small
portion of Libby’s testimony.56

The phenomenon of DNA mixture interpretation has yet to be fully
explored in recent case law. It has been observed in the literature by the
author of the DNA report in the Review Papers of the 14th Interpol Forensic
Science Symposium.57 Several recent decisions have touched upon the DNA
mixtures issue.

In State v. Gapen,58 a 2004 Ohio case, defendant was convicted of 12
counts of aggravated murder, breaking detention, aggravated murder, and
aggravated robbery. Defendant was sentenced to death. 

Larry James Gapen was distraught over the recent dissolution of his
marriage to Martha Madewell. Around 1:00 a.m. on September 18, 2000,
Gapen entered Madewell’s home in Dayton. Gapen found Madewell and
Nathan Marshall, a former husband of Madewell, lying on a couch. Gapen
killed them by repeatedly striking them with a maul. Gapen then went
upstairs and struck 13-year-old Jesica Young with the maul as she slept in
her bed. Jesica later died of her injuries.

Gapen was convicted of the aggravated murders of Madewell, Marshall,
and Jesica and was sentenced to death for Jesica’s murder. To establish Gapen’s
guilt, the state introduced Gapen’s statements to the police, DNA evidence
that Gapen’s sperm was found on Madewell’s right leg, abdomen, and rectum,
testimony from two children in the house at the time of the murders, and
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evidence that Madewell’s purse was found in Gapen’s car at the time of his
arrest. In response to police questions, Gapen explained his reasons for
attacking Young, admitted bringing the maul and work gloves from his house
to the murder scene, and provided other details about the murders.

At trial, David Smith, a serologist and DNA analyst, testified that DNA
testing of blood samples from the maul murder weapon showed a “mixture.”
However, a major component of the mixture was blood “consistent with that
of Jesica Young.” Additionally, DNA testing of a blood sample from the
external portion of the left-handed work glove “was a mixture. The major
component was consistent with that of Martha Madewell.” However, “Jesica
Young could not be excluded as a contributor to the minor component.”
DNA testing of the left glove liner “was a mixture again. Larry Gapen could
not be excluded as a possible donor to this mixture.” Finally, DNA testing of
the right glove indicated that Madewell or Young could be contributors.

Smith also testified that DNA testing of a rectal sample taken from Madewell
was a “mixture,” but the major component was from Larry Gapen. Microscopic
analysis of a swab sample obtained from Madewell’s right leg revealed the pres-
ence of sperm. Additionally, both chemical and microscopic analysis of swab
samples obtained from Madewell’s abdomen showed the presence of sperm.
DNA testing of the sperm showed that “the DNA profile obtained from the right
leg and the abdomen were consistent with that of Larry Gapen.”59

Mixtures were again part of the prosecution DNA evidence in State v.
Holmes,60 a 2004 South Carolina case. Defendant was convicted of murder,
first-degree criminal sexual conduct, first-degree burglary, and robbery, and
sentenced to death.

The court ruled that evidence of third party’s guilt did not raise reason-
able inference as to defendant’s innocence and thus was inadmissible at trial
for capital murder and other crimes. There was forensic evidence that
included defendant’s palm print on the inside of a door of victim’s house,
fibers from the victim’s bed, and a nightgown that matched fibers from
defendant’s clothing and underwear. There was also mixed DNA in defen-
dant’s underwear that matched both defendant and victim, and victim’s
bloodstains on defendant’s shirt. Appellant’s underwear contained a mixture
of DNA from two individuals, and 99.99% of the population other than
appellant and the victim were excluded as contributors to that mixture; and
(6) appellant’s tank top was found to contain a mixture of appellant’s blood
and the victim’s blood.61 

IX. Mitochondrial DNA: MtDNA 

The most recent DNA testing methodology seeking court approval is mito-
chondrial DNA (mtDNA). The FBI has actively developed this technology
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and is currently publishing important papers about it on the FBI Web site.62

A series of recent cases have been handed down establishing the general
scientific acceptability and scientific reliability of identification opinions by
forensic scientists based on mitochondrial DNA methodologies.63 States are
beginning to pass legislation64 that provides for automatic acceptance of the
reliability of standard DNA methodologies, which will no doubt aid in the
current efforts by the FBI to have a quick judicial acceptance of mtDNA.65

Several excellent mtDNA laboratories have developed and are publishing
their case results.66 

The Interpol Forensic Science Symposium DNA profiling review estab-
lished the focus of mtDNA examinations:

To report mtDNA results, the aim of an mtDNA analysis is to
provide evidence to support one or two alternative propositions: 

1) The contention that the evidential sample (Q) originated from
the suspect (the donor of K) or a maternally linked relative; 

or 

2) The contention that the evidential sample (Q) originates from
the suspect’s sample (K) or originate from different individuals
(of different maternal lineage). 

The sequence is reported as a haplotype. Currently most labora-
tories use the counting method to estimate evidential strength.
This means that the result is compared to a database size (n) where
the number of matching sequences is reported.

If two samples (K and Q) do not match, this does not necessarily
mean that they do not have the same origin. There are hotspots
within the mtDNA genome where mutations are more common.67

A series of very recent cases have validated the use of mtDNA technol-
ogies in American courts.68 Human hair, teeth, and bones provide the raw
material for mtDNA analyses. The leading case is State v. Pappas,69 analyzed
at length in Chapter 3, Hair Analysis.

Another excellent case on the validity and protocols for mtDNA is United
States v. Beverly,70 a well-written and comprehensive 2004 Sixth Circuit Court
of Appeals decision. In this case, Noah Beverly, Douglas A. Turns, and Johnny
P. Crockett were indicted for multiple bank robberies. Beverly appealed the
introduction of mtDNA evidence against him at trial, arguing that the evi-
dence was not scientifically reliable. The Circuit Court of Appeals found that
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the district court did not abuse its discretion in admitting expert testimony
that less than 1% of the population would be expected to have the mtDNA
pattern of hair found at the crime scene, even though mtDNA was not as
precise an identifier as nuclear DNA, where any issues going to conduct of
tests were fully developed and subject to cross-examination, testing in instant
case was sufficiently reliable, and that the mathematical basis for evidentiary
power of mtDNA evidence was carefully explained.71

Beverly argued that mtDNA testing was not scientifically reliable because
the laboratory that did the testing in this case was not certified by an external
agency, the procedures used by the laboratory “sometimes yielded results that
were contaminated,” and the particular tests done in this case were contam-
inated. In addition, Beverly argued that even if the mtDNA evidence is
determined to be sufficiently reliable, its probative value is substantially out-
weighed by its prejudicial effect. In this part of his argument, Beverly focused
on the statistical analysis presented, which he claimed to have artificially
enhanced the probative value of the mtDNA evidence. According to Beverly,
Dr. Melton, the government’s expert, should have been allowed to testify only
that Beverly could not be excluded as the source of the sample in question.72

The court, as in the Pappas case, provided a very useful overview con-
cerning mtDNA analysis:

Generally speaking, every cell contains two types of DNA: nuclear
DNA, which is found in the nucleus of the cell, and mitochondrial
DNA, which is found outside of the nucleus in the mitochondrion.
The use of nuclear DNA analysis as a forensic tool has been found
to be scientifically reliable by the scientific community for more
than a decade. The use of mtDNA analysis is also on the rise, and
it has been used extensively for some time in FBI labs, as well as
state and private crime labs. This technique, which generally looks
at the differences between people’s mitochondrial DNA, has some
advantages over nuclear DNA analysis in certain situations. For
example, while any given cell contains only one nucleus, there are
a vast number of mitochondria. As a result, there is a significantly
greater amount of mtDNA in a cell from which a sample can be
extracted by a lab technician, as compared to nuclear DNA. Thus,
this technique was very useful for minute samples or ancient and
degraded samples.73

The court took note of the fact that mitochondrial DNA could be
obtained from some sources that nuclear DNA cannot, for example, mtDNA
can be found in shafts of hair, which do not have a nucleus, but do have
plenty of mitochondria, whereas nuclear DNA can only be retrieved from
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the living root of the hair where the nucleus resides.74 On the other hand,
the court also noted, mtDNA is not as precise an identifier as nuclear DNA.
In the case of nuclear DNA, half is inherited from the mother and half from
the father, and each individual, with the exception of identical twins, almost
certainly has a unique profile. MtDNA, by contrast, is inherited only from
the mother and thus all maternal relatives will share the same mtDNA profile,
unless a mutation has occurred. Because it is not possible to achieve the
extremely high level of certainty of identity provided by nuclear DNA,
mtDNA typing has been said to be a test of exclusion, rather than one of
identification.75 The entire mtDNA sequence, about 16,000 base pairs, is
considerably shorter than nuclear DNA, which has approximately 3 billion
pairs.76 

In its decision here, the court first addressed and dismissed the defen-
dant’s argument that the lack of external certification of the mtDNA expert’s
laboratory disqualified her opinion:

This point was raised in the pretrial hearing, and, although there
is no legal requirement that Dr. Melton’s lab be so certified, the
district court did question Dr. Melton on this point. Laboratories
doing DNA forensic work are accredited through the American
Society of Crime Laboratory Directors. However, Dr. Melton’s lab,
having been actively engaged in case work for only about 11
months at the time of the trial, was not yet able to apply for the
accreditation, but was expected to go through the process the
following spring. Furthermore, Dr. Melton’s own credentials are
considerable. Not only has she been working with mtDNA since
1991, she has a Ph.D. from Pennsylvania State University in ge-
netics; her thesis investigated mitochondrial DNA as it would
apply to forensic applications. In addition, Dr. Melton has pub-
lished a significant amount of work in this field.77

Beverly further argued that Dr. Melton’s procedures would sometimes
yield results that were contaminated, and that furthermore, the sample ana-
lyzed in this particular case was contaminated. However, the court noted,
Dr. Melton was confident that no contamination of the sample itself had
occurred. The reagent blank in the test of the sample itself did not show any
indication of contamination, in contrast to a separate reagent blank, used in
a different test tube, which was a control in the experiment. Therefore, the
actual data relied upon in this case, obtained from the sequencing machine,
did not indicate any presence of a contaminant.
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As to the defendant’s argument that the probative value of the evidence
would be substantially outweighed by prejudice, the court noted that the
district court carefully considered during the pretrial hearing the question
of whether the relevance of this evidence outweighed its probative value:

In particular, Beverly argued that the jury would associate mitochondrial
DNA analysis with nuclear DNA analysis and give it the same value, in terms
of its ability to “fingerprint” a suspect. The district court, however, decided
that this issue was more appropriately dealt with through a vigorous cross-
examination, and that was exactly what occurred at trial. Moreover, the court
noted the important probative value that this evidence added to the trial.

Finally, the court separately considered the scientific reliability of the
statistical analysis offered by the government, concluding that: 

The predictive effect of the statistical analysis is based upon a
formula which is apparently recognized in the scientific commu-
nity and used in a variety of scientific contexts, and it has been
used specifically here in the analysis of mitochondrial DNA results.
The court concludes that it’s an accepted and reliable estimate of
probability, and in this case, it led to results, interpreted results,
which substantially increase the probability that the hair sample
is the hair of the defendant in this case.78

Based on the record compiled in the district court’s careful and extensive
hearing on this issue, the court found no abuse of discretion in admitting
the mtDNA testing results. The mathematical basis for the evidentiary power
of the mtDNA evidence was carefully explained, and was not more prejudicial
than probative:79

It was made clear to the jury that this type of evidence could not identify
individuals with the precision of conventional DNA analysis. Nevertheless,
any particular mtDNA pattern is sufficiently rare, especially when there is no
contention that the real culprit might have been a matrilineal relative of the
defendant, that it certainly meets the standard for probative evidence: “any
tendency to make the existence of any fact that is of consequence to the
determination of the action more probable or less probable than it would be
without the evidence.”80

Finally, Wagner v. State,81 a 2005 Maryland decision, addressed the impor-
tant issue of the phenomenon of heteroplasmy in MtDNA cases.

On February 15, 1994, Daniel and Wilda Davis were found dead in their
home on West Wilson Boulevard in Hagerstown. The victims had been bound
at their wrists and ankles and had been stabbed multiple times in the chest
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and back. On February 16, 1994, the victim’s neighbor, Phyllis Carpenter,
informed the police that during the morning of February 15, 1994, she
discovered a work glove along the curb on a street near her home and had
placed it on her back porch, intending to throw it away. Upon learning of
the murders, however, she contacted the police.82 Defendant was convicted of
two counts of first-degree premeditated murder and one count of felony murder. 

The Court of Special Appeals held that mitochondrial DNA evidence was
sufficiently reliable and that the mere potential for contamination of mito-
chondrial DNA testing of hair found on a glove found near the murder scene
affected the weight of evidence, not its admissibility. The court found that
heteroplasmy, in which an individual could have more than one exact type
of mitochondrial DNA, did not render mitochondrial DNA evidence indi-
cating that defendant was the contributor of hair found on a glove near the
murder scene unreliable. There was no evidence of heteroplasmy in the
instant case, in that defendant’s known mtDNA sequence had the same
pattern and sequence as that found in the hair, and even if heteroplasmy
existed, it would have created false exclusion of the defendant as the contrib-
utor of the sample, and not inclusion.

Prior to trial, defense counsel filed several motions to exclude the mtDNA
evidence garnered from the examination of the glove. At the conclusion of
the hearings on those motions, Judge Wright delivered an oral opinion that
included the following findings and conclusions:

Science evolves. Certainty and perfection are elusive. Even in this
testing procedure of mitochondrial DNA, it is not a perfect iden-
tification process. We know that the final result of mitochondrial-
DNA typing analysis is that a defendant is either excluded as a
possible contributor of the genetic material, or defendant is included
within a class of possible contributors. So there is uncertainty as
to inclusion, because it is inclusion within a possible, a class of
possible contributors.83

The court observed that mtDNA analysis can be used on material
without a nucleus, such as a bone sample or a piece of hair without
a root segment.84 It can also be used on unknown samples de-
graded by environmental factors or time. MtDNA was also more
likely to survive in a dead cell than is nuclear DNA.85

During the motions hearings, state DNA Expert Dr. Stewart testified that
mtDNA evidence has been entered into evidence at trial a total of approxi-
mately 50 times, in 25 states. He also submitted numerous peer review articles
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that demonstrate the general acceptance of mtDNA evidence, none of which
rejected mtDNA analysis as unreliable. Even the defense’s expert, Dr. Jeffrey
Boore, did not controvert the proposition that the process of mtDNA extrac-
tion, amplification, and sequencing is generally accepted as reliable.86

At trial, Dr. Stewart testified that all of the sites in the mtDNA obtained
from the hair on the glove matched the sites from appellant’s mtDNA. 

The profile from (appellant), his mitochondrial DNA profile did not have
differences from the mitochondrial profile from the (hair found on the) glove at
those positions. Therefore, appellant cannot be excluded as the source of that
hair.87 Most important, Dr. Stewart testified that, when he compared appel-
lant’s profile to the 5071 profiles in the FBI’s database at the time, he found
11 individuals in the profile that had the same mtDNA profile. He also
testified that all of the sites in the mtDNA obtained from the hair on the
glove matched the sites from appellant’s mtDNA.

In regard to defendant’s arguments relative to an increased danger of
contamination in mtDNA analyses, Dr. Stewart testified that, based on pub-
lished literature on the subject, as well as on his own experience, the danger
of laboratory contamination did not render mtDNA testing unreliable. He
explained that the FBI laboratory has a strict contamination abatement pro-
gram in place within the laboratory. That program involves sterilization of
space, using bleach solution, ultraviolet light, gloves, masks, and lab coats,
and restriction of movement of personnel from one area to the other. All of
these precautions would have been taken in the analysis of the specific
mtDNA evidence at issue. The defense’s expert, Dr. Jeffrey Boore, testified
that the FBI’s method of guarding against contamination was better able to
detect lower levels of contamination than the method used by his own lab,
and added that “it’s admirable that they go to such lengths to validate that
they have not contaminated their sample.”88

Finally, defendant raised the existence of heteroplasmy as an argument
for the unreliability of mtDNA testing. Dr. Stewart testified that the term
heteroplasmy means that you have at least more than one exact type of
mtDNA in the same individual. Heteroplasmy can present difficulties for
forensic investigators because, if an mtDNA sample of the perpetrator differs
by one base pair from the suspect’s mtDNA sample, this difference may be
interpreted as sufficient to “eliminate” the suspect.89 In most instances, the
presence of heteroplasmy makes data interpretation more complex,90 but does
not render the data nonfunctional.

More important, the court stressed, Dr. Stewart testified that there was
no evidence of heteroplasmy in this case, meaning that appellant’s known
mtDNA sequence shared a common base at every position with the mtDNA
sequence found in the hair, and had the same pattern at every position.
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Dr. Stewart also disagreed that heteroplasmy rendered mtDNA testing unre-
liable, stating that the published literature on the subject “does not support that.”

During the pretrial hearings, Dr. Bruce Budowle, senior scientist in the
FBI’s biological laboratory division and an expert in mtDNA analysis, also
testified regarding heteroplasmy. According to Dr. Budowle, heteroplasmy
exists in “the rarest of the circumstances. And, again the rarest of the circum-
stances, we’re willing to accept there possibly could be false exclusion.”

Judge Wright, in the trial court, found that the existence of heteroplasmy
in some mtDNA did not render the evidence generally unreliable: 

The court, also, would find that the specific procedures that were
used by the FBI laboratory to extract, amplify, and sequence, and
consequently analyze the particular hairs in this case to identify
characteristics of another’s genetic material was certainly reli-
able…. So the question is, … is the testing procedure generally
reliable? And I say, Yes, because it is accepted … in the scientific
community. And was the testing procedure that’s used in this case
reliable? And I would say, Yes. The existence of contamination, the
existence of heteroplasmy does not affect the reliability of the sci-
entific procedure generally, or the procedure used in this particular
case by the FBI laboratory, Dr. Stewart, and those under him.91 

The appellate court agreed with that conclusion and upheld Wagner’s
conviction.

X. Nonhuman DNA

At the present time there are no reported decisions formally addressing the
acceptability of dog or cat DNA matches in a criminal case, although several
trial court convictions have recently been reported and are working them-
selves up the appeals process.92 One decision exists as to the admissibility of
plant DNA testing to place a defendant at a crime scene.93 It is simply a matter
of time for mammal and plant DNA identification methodologies to also be
recognized as reliable,94 especially because the amount of experience and solid
scientific data in those areas is enormous and compelling.95 

A recent article in the Journal of Forensic Science by Dr. Joy Halverson
addresses the PCR aspects of canine DNA matching.96 Dr. Halverson has
testified in a number of murder cases in recent years, most recently in People
v. Sutherland, discussed in detail in Chapter 2, where she linked a dog hair
found on the body of the child victim to the defendant’s black Labrador dog
Babe.97
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XI. DNA Related Cases: Post-Conviction Testing 
and Mandatory Submission of DNA 

What are some of the likely legal issues surrounding DNA identifications in
the early years of the 21st century? A listing of some of the most important
cases is followed by discussions of selected cases where these issues arose:

• Post-conviction DNA testing opportunities for prisoners convicted
in blood-centered cases where identity was a central issue

• The legality of DNA registration schemes for convicts, arrestees, or
the general population, and the inclusion of any such DNA profiles
into national or international databases

• The expanded utilization of nonhuman DNA profiling technologies
• Increasingly sophisticated DNA laboratory procedures that must pass

muster under Frye and Daubert reliability criteria

XII. Post-Conviction DNA Testing

Given the importance of DNA testing and the release of almost 160 prisoners
based upon it,98 most states have enacted legislation providing an opportunity
for post-conviction DNA testing upon motion. An examination of the Illinois
statute and the first appellate decision to address it will be beneficial given
the great likelihood of this issue being a major one as the first decade of the
21st century proceeds. The Illinois statute reads as follows:

5/116-3. Motion for fingerprint or forensic testing not available
at trial regarding actual innocence

(a) A defendant may make a motion before the trial court that
entered the judgment of conviction in his or her case for the
performance of fingerprint or forensic DNA testing on evidence
that was secured in relation to the trial which resulted in his or
her conviction, but which was not subject to the testing which is
now requested because the technology for the testing was not
available at the time of trial. Reasonable notice of the motion shall
be served upon the state.

(b) The defendant must present a prima facie case that includes
both of the following facts:

(1) Identity was the issue in the trial which resulted in his or her
conviction
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(2) The evidence to be tested has been subject to a chain of custody
sufficient to establish that it has not been substituted, tampered
with, replaced, or altered in any material aspect

(c) The trial court shall allow the testing under reasonable condi-
tions designed to protect the state’s interests in the integrity of the
evidence and the testing process upon a determination that:

(1) The result of the testing has the scientific potential to produce
new, noncumulative evidence materially relevant to the defen-
dant’s assertion of actual innocence

(2) The testing requested employs a scientific method generally
accepted within the relevant scientific community.99

As noted by Public Defender Gregory O’Reilly in his article on the new
Illinois statute, Illinois’ new law applies only to cases where identity was the
issue at trial. Thus, as he points out, a rape case defended on the basis of
consent conceivably would not meet this threshold, whereas a case involving
a crime scene with DNA datum where defendant claimed a false identification
would so qualify.100

As can be seen, the statute creates a two-part process by initially providing
a mechanism for a post-trial motion wherein a convicted felon may petition
the court for fingerprint or DNA testing of evidence collected before trial,
but, importantly, only if any such test was not then obtainable at that earlier
date. There is no deadline for filing. In the event that the motion is granted
and the test results tend to exculpate the inmate, the inmate may file a petition
for a new trial based on this forensic evidence. In deciding whether to grant
a new trial, the court will apply the existing standard for cases involving
newly discovered evidence, which raises interesting issues as to the circum-
stantial or direct character of DNA or fingerprint evidence. 

The Illinois law authorizes DNA and fingerprint testing if the new test
meets the Frye standard for evidence based upon methodologies generally
accepted in the relevant scientific community. The general acceptance of the
more accurate and accessible PCR and PCR STR, not to mention mitochon-
drial DNA testing in some instances, provides a good opportunity for helping
to alleviate current concerns over the wrongful incarceration of many, espe-
cially death-row, inmates. As noted by O’Reilly:

Courts in most states are likely to recognize RFLP testing and
should recognize PCR testing, although there are new methods of
PCR testing that may be subject to dispute. In the future, courts
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may routinely recognize mitochondrial DNA testing, which has
the ability to profile hair samples without the roots.101

The post-conviction statutes around the country vary greatly as to time
limits, forensic sciences included, and the standards that must be met to
receive forensic testing. It is a considerable leap of faith for most states to
assume that inmates are educated about the latest developments in DNA
testing and population projection theories to adequately respond to the stric-
tures of most of these statutes. A dissenting judge in a Florida case on this
issue put it well:

Frankly, I think it is a very harsh reading of the two-year time
limit in rule 3.850 to bar testing and perhaps relief from conviction
under the circumstances of this case. Rule 3.850(b) bars relief in
noncapital cases unless the facts on which the claim is predicated
were unknown to the movant and could not have been ascertained
by the exercise of due diligence. DNA testing is a recent, highly
accurate, application of scientific principles unknown at the time
of Dedge’s trial. It is not well known to or understood by most
lawyers and judges, I would wager, even in 1998. I think it unfair
and unrealistic to expect an indigent, serving two life sentences in
prison, to have had notice of the existence of PCR-based testing,
and possible application to his case prior to 1995 when it was first
discussed by a Florida court.102

Computerized fingerprint or shell-casing searches now provided by the FBI
AFIS and CODIS systems should be equally available in an appropriate case.
However, as noted above, the expense and prospect of questioning the finality
of convictions will certainly be a force against the expansion of this, itself, nascent
national effort to achieve what has been referred to as genetic justice.103 

In addition to those concerns, there are the equally important issues
revolving around the storage of crime-scene evidence for use in post-convic-
tion proceedings. Practices vary greatly around the country as to how long
and under what circumstances crime scene materials and laboratory samples
are kept. New techniques in all of the forensic sciences, but especially regard-
ing DNA, require a reassessment of such practices to prevent contamination
and to otherwise support the intention of the host of post-conviction forensic-
evidence testing statutes that we will undoubtedly see come onto the books
in the next several years.

As noted by public defender O’Reilly:

Under the Illinois and New York forensic testing laws, the peti-
tioner must show that the evidence had been collected for trial
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and had not been altered. Police, prosecutors, and clerks some-
times destroy old evidence for innocuous reasons such as space
limitations. Sometimes such evidence is mistakenly destroyed, and
it is possible that it could be intentionally destroyed. This could
leave a wrongfully convicted petitioner who seeks testing in such
a case without a remedy. Defense counsel should therefore ask the
court to order forensic evidence impounded after trial and to take
similar steps to make sure police, prosecutors, and court clerks
also do not destroy or alter old evidence.104

This issue of post-conviction DNA testing and the variance in statutes
or court rulings with respect to them, bears close watching by those involved
in the criminal justice system. 

XIII. DNA Samples 

Once given, a DNA sample remains in the system, available to police in other
cases, although the basis for any earlier voluntary submission needs to be
scrutinized. In Pace v. State,105 a jury convicted Lyndon Fitzgerald Pace of
four counts of malice murder, four counts of felony murder, four counts of
rape, and two counts of aggravated sodomy. A DNA expert determined that
Pace’s DNA profile matched the DNA profile taken from the sperm in the
McAfee, Martin, McLendon, and Britt murders. The expert testified that the
probability of a coincidental match of this DNA profile is one in 500 million
in the McAfee, Martin, and Britt cases, and one in 150 million in the McLendon
case.

The defendant, while under investigation for another murder, of one
Mary Hudson, had signed a consent form that states, in part: “I fully under-
stand that these hair and bodily fluid samples are to be used against me in
a court of law and I am in agreement to give these hair samples for further
use in this particular investigation.” The form further stated that Pace was a
suspect in a murder that occurred on September 17, 1992 and the “name of
the murder victim in this case is Mary Hudson.” There was no mention of
the other four murders. The FBI and GBI crime labs were subsequently
unable to match Pace’s DNA or hair to any evidence from the Hudson
murder, but were able to obtain matches with evidence from the McAfee,
McLendon, Martin, and Britt cases.106

Pace claimed that he did not voluntarily consent to the drawing of his
blood for use in the investigation of the four murders for which he was
convicted, and argued that the police thus exceeded the bounds of his consent
by using his blood for investigations of murders other than the Hudson
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murder. However, the court observed, unlike an implied consent warning,
the form does not limit the use of the blood or hair to only the Hudson
murder investigation or to any particular purpose, and there is no evidence
that Pace placed any limits on the scope of his consent.

The police were not required to explain to Pace that his blood or hair
could be used in prosecutions involving other victims, or that he had a right
to refuse consent…Further, like a fingerprint, DNA remains the same no
matter how many times blood is drawn and tested and a DNA profile can
be used to inculpate or exculpate suspects in other investigations without
additional invasive procedures. It would not be reasonable to require law
enforcement personnel to obtain additional consent or another search war-
rant every time a validly obtained DNA profile is used for comparison in
another investigation.107

The rapid judicial acceptance of DNA identification technologies does
not mean that all legal issues involving it are resolved. It must be remembered
that DNA evidence, as powerful and definitive as it is characterized, is just
evidence nonetheless. It is typically categorized as circumstantial evidence,
like fingerprints, ballistics, hair, fiber, and the rest of the forensic evidence
corpus, as opposed to direct evidence of the fact for which it is offered,
normally presence and participation at a crime scene. This is an important
conceptual difference, which may be belied in the eyes of juries by the rep-
utation that DNA, like fingerprints, has gained over the past decade.

In Thomas v. State,108 a capital murder appeal, the court addressed the
important issue of whether DNA evidence is direct or circumstantial proof
of the fact or facts for which it is offered to prove. At issue was defendant’s
assertion that he was entitled to a circumstantial evidence instruction about
the state’s DNA evidence.109 The attorney general, without citing any authority,
responded that Thomas’s argument completely ignored very direct evidence
presented by the state, such as DNA matching, DNA population statistics,
and fingerprint evidence.110

The court observed that contrary to the attorney general’s assertion,
fingerprint evidence was still generally considered circumstantial evidence.
This characterization applied equally well to DNA evidence. The court noted
that a limited search of case law on the question of the nature of DNA
evidence found more cases that refer to DNA evidence as circumstantial than
as direct. Because there was some, albeit little, legal authority for the conclu-
sion that DNA evidence was “noncircumstantial” or “direct” evidence, there
was some validity to the position that any error in not instructing the jury
on the “reasonable-hypothesis-of-innocence” instruction is not “plain,” i.e.,
not “clear” or “obvious” under the law. Therefore, the plain error test was
not satisfied.111



456 Forensic Evidence: Science and the Criminal Law, Second Edition

Because DNA is evidence, it must comport with all of the rules of evi-
dence, including specialized chain-of-custody proffers,112 and a host of non-
scientific constitutional and evidence rules.113

The controversy about the legitimacy of DNA technology other than
mtDNA has certainly abated and recent concern has begun to focus on the
issue of mandating DNA samples by convicted felons, whether incarcerated
in penal institutions or on parole or probation. The federal statute addressing
the collection and use of DNA identification and providing funding for
similar state programs is contained in 2 U.S.C.A. § 14135a, Collection and
use of DNA identification, effective: October 30, 2004:

a) Collection of DNA samples

(1) From individuals in custody

The Director of the Bureau of Prisons shall collect a DNA sample
from each individual in the custody of the Bureau of Prisons who
is, or has been, convicted of a qualifying Federal offense (as de-
termined under subsection [d] of this section) or a qualifying
military offense, as determined under section 1565 of Title 10.

(2) From individuals on release, parole, or probation

The probation office responsible for the supervision under Federal
law of an individual on probation, parole, or supervised release
shall collect a DNA sample from each such individual who is, or
has been, convicted of a qualifying Federal offense (as determined
under subsection [d] of this section) or a qualifying military of-
fense, as determined under section 1565 of Title 10.

(3) Individuals already in CODIS

For each individual described in paragraph (1) or (2), if the Com-
bined DNA Index System (in this section referred to as CODIS)
of the Federal Bureau of Investigation contains a DNA analysis
with respect to that individual, or if a DNA sample has been
collected from that individual under section 1565 of Title 10, the
Director of the Bureau of Prisons or the probation office respon-
sible (as applicable) may (but need not) collect a DNA sample
from that individual.114

The statute also sets forth a series of collection procedures directing the
Director of the Bureau of Prisons or the probation office responsible (as
applicable) to use or authorize the use of such means as are reasonably necessary
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to detain, restrain, and collect a DNA sample from an individual who refuses
to cooperate in the collection of the sample. An individual from whom the
collection of a DNA sample is authorized under the subsection who fails to
cooperate in the collection of that sample shall be guilty of a class A misde-
meanor. The Director of the Bureau of Prisons or the probation office respon-
sible (as applicable) must furnish each DNA sample collected under
subsection (a) of this section to the Director of the Federal Bureau of Inves-
tigation, who shall carry out a DNA analysis on each such DNA sample and
include the results in CODIS.115

The leading case discussing the constitutionality of this statute is United
States v. Kincade,116 a 9th Circuit Court of Appeals decision.

Defendant appealed after a federal district judge sentenced him to four
months’ imprisonment, and two years’ supervised release, for violating the
terms of his supervised release by refusing to submit a blood sample for DNA
testing, pursuant to the DNA Analysis Backlog Elimination Act. On rehearing
en banc, the Court of Appeals held that the requirement under the Act that
certain federal offenders who were on parole, probation, or supervised release
submit to compulsory DNA profiling, even in the absence of individualized
suspicion that they had committed additional crimes, was reasonable and
did not violate Fourth Amendment.

The court framed the issue as to whether it must decide if the Fourth
Amendment permits compulsory DNA profiling of certain conditionally
released federal offenders in the absence of individualized suspicion that they
have committed additional crimes. The court noted that pursuant to the
DNA Analysis Backlog Elimination Act of 2000, individuals who have been
convicted of certain federal crimes and who are incarcerated, or on parole,
probation, or supervised release, must provide federal authorities with “a
tissue, fluid, or other bodily sample on which an analysis of that sample’s
DNA identification information could be performed.117

The court initially addressed the issue of the warrant requirement typi-
cally required for searches:

Ordinarily, the reasonableness of a search depends on governmen-
tal compliance with the Warrant Clause, which requires authorities
to demonstrate probable cause to a neutral magistrate and thereby
convince magistrate to provide formal authorization to proceed
with a search by issuance of a particularized warrant (citations
omitted). However, the general rule of the Warrant Clause is not
unyielding. Under a variety of conditions, law enforcement may
execute a search without first complying with its dictates. For
instance, police may execute warrantless searches incident to a
lawful arrest: It is reasonable for authorities to search an arrestee
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for weapons that might threaten their safety, or for evidence which
might be destroyed. And even outside the context of a lawful arrest
supported by probable cause, officers are likewise authorized to
conduct a warrantless, protective pat-down of individuals they
encounter in the field so long as their concerns are justified by
reasonable suspicion of possible danger.

The court noted several general search regimens that were free from the
usual warrant-and-probable cause requirements. 

Though not necessarily mutually exclusive, three categories of searches
help organize the jurisprudence. The first category was “exempted areas,”
including searches conducted at the border, in prisons, and at airports and
entrances to government buildings. The second category was labeled “admin-
istrative” searches, which included inspections of closely-regulated busi-
nesses, and other routine regulatory investigations. The third category of
suspicionless searches, the court noted, was referred to as “special needs,”
and also noted that in recent years, the Supreme Court has devoted increasing
attention to the development of the accompanying analytical doctrine. For
the most part, the court observed, these cases involved searches conducted
for important nonlaw enforcement purposes in contexts where adherence to the
warrant-and-probable cause requirement would be impracticable.118 

The court recognized that a number of other circuits had addressed this
issue:

We are not the first court called upon to address this unresolved
issue. Confronted with challenges to the federal DNA Act and its
state law analogues, our sister circuits and peers in the states have
divided in their analytical approaches — both before and after the
Supreme Court’s recent special needs decisions. On one hand, the
Second, Seventh, and Tenth circuits, along with a variety of federal
district courts and at least two state Supreme Courts, have upheld
DNA collection statutes under a special needs analysis (though
not always ruling out the possibility that the totality of the cir-
cumstances might validate the search absent some special need.)119

By contrast, the Fourth and Fifth circuits, a Seventh Circuit Judge,
numerous federal district courts, and a variety of state courts have approved
compulsory DNA profiling under a traditional assessment of reasonableness
gauged by the totality of the circumstances.120

In the final analysis, the overwhelming public importance of the DNA
database for the investigation and prosecution of crime required a finding
in the government’s favor:
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In light of conditional releasees’ substantially diminished expecta-
tions of privacy, the minimal intrusion occasioned by blood sam-
pling, and the overwhelming societal interests so clearly furthered
by the collection of DNA information from convicted offenders,
we must conclude that compulsory DNA profiling of qualified
federal offenders is reasonable under the totality of the circum-
stances. Therefore, we today realign ourselves with every other
state and federal appellate court to have considered these issues —
squarely holding that the DNA Act satisfies the requirements of
the Fourth Amendment.121

Because compulsory DNA profiling conducted pursuant to the
federal DNA Act would have occasioned no violation of Kincade’s
Fourth Amendment rights, the judgment and accompanying sen-
tence of the district court were upheld.122

XIV. John Doe DNA Warrants

The important issue of the legality of John Doe warrants in sexual assault
cases where the statute of limitations is about to expire, was raised in the
2005 Wisconsin case of State v. Davis.123 

Lonnie C. Davis was found guilty of four counts of second-degree sexual
assault, use of force. Davis claimed, among other points of error, that the trial
court erred in finding that the complaint filed before the statute of limitations
expired, which identified Davis only by a DNA profile, was sufficient.

A nurse examined the victim Kylesia, and secured as evidence the under-
wear she was wearing at the time of the assaults. Semen was obtained from
the underwear and a DNA analysis was performed, using the RFLP technique.
The DNA profile from the analysis was run through the convicted offender
index of the Wisconsin DNA databank, but no match to the profile was found.

In 1997, Davis was convicted for sexually assaulting a different victim.
He was sentenced to 105 years in prison and was required to provide a DNA
sample. On August 30, 2000, shortly before the statute of limitations was due
to expire in Kylesia’s case, the state filed a criminal complaint and obtained
an arrest warrant identifying the perpetrator of Kylesia’s assaults as “John
Doe” with the particular DNA profile identified from the semen in Kylesia’s
underwear. John Doe was charged with one count of forcible kidnapping and
six counts of second-degree sexual assault.

In 1998 and 1999, the state crime lab began making the transition from
the RFLP DNA technique to a new DNA technology known as PCR. Because
RFLP profiles and PCR profiles are not comparable, the state began to reanalyze
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all of the evidentiary samples in its databank. When the DNA profile in this
case was reanalyzed and the new PCR DNA profile was compared to those
in the Wisconsin databank, it was determined that a match was found. The
PCR DNA profile in this case matched that of convicted sex-offender Lonnie
Davis.124

On April 24, 2002, pursuant to a search warrant, an oral swab was taken
from Davis and DNA testing was conducted on that swab. A comparison
between the DNA from the swab and the DNA from the semen in Kylesia’s
underwear was conducted. The conclusion was that the DNA from both
matched and the only reasonable scientific explanation was that Davis was
the source of the semen in Kylesia’s underwear.

An amended complaint was filed substituting Davis for John Doe and
the case proceeded to trial. Davis waived his right to a jury trial in exchange
for the dismissal of the kidnapping charge and two counts of sexual assault.
The case was tried to the court and defendant was convicted.

On September 4, 2002, the state filed an amended criminal complaint in
this case identifying Davis as the John Doe whose DNA profile matched that
of the DNA retrieved from the semen in the victim’s underwear. In 1998, the
state crime lab stopped performing the RFLP DNA analysis and converted
to the DNA technology known as PCR. The two technologies were different;
one could not compare an RFLP DNA profile to a PCR DNA profile. As a
result, during 1998 and 1999, the state crime lab reanalyzed all evidentiary
samples that had previously generated RFLP DNA profiles under the new
PCR DNA technology, so that the profiles could be compared to the offender
database. 

When the sample in this case was reanalyzed producing a PCR DNA
profile, it was compared to all of the convicted offender samples in the
database, and a match was found. Davis’ DNA profile matched that of the
PCR DNA sample generated from the semen in the victim’s underwear. Based
on this information, the state obtained a search warrant to take an oral swab
directly from Davis, who was incarcerated. The DNA results from this oral
swab also matched that of the DNA sample generated from the semen in the
victim’s underwear. Based on this information, the amended complaint
charged Davis with the kidnapping and sexual assaults by substituting his
name for that of John Doe.125

Davis argued that because the original complaint identified the DNA
profile using a different technology than the amended complaint that even-
tually led to his identification, he maintained that because the RFLP DNA
profile identified in the complaint was not the profile used to identify him
by name, the amended complaint does not relate back to a date preceding
the expiration of the statute of limitations. The court dismissed this argu-
ment, holding:
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The DNA was the same. Both the RFLP DNA profile and the PCR DNA
profile contained Davis’ DNA exclusively. His argument elevates form over
substance. The state specifically identified Davis’ DNA in a complaint before
the statute of limitations expired. The fact that the type of DNA analysis
technology changed does not somehow alter the accuracy of the identifica-
tion. The person with the DNA in the original complaint was the same person
with the DNA in the amended complaint — Davis. Thus, his claim that the
analysis was different is of no consequence. His DNA did not change, but
remained the same. Thus, it satisfied the reasonable certainty requirements
for an arrest warrant and answered the “who is charged” question required
for a sufficient complaint. (Id.) Thus, the trial court did not err in finding
that the complaint was sufficient.

XV. The Future of DNA Testing

The National Institute of Justice, in the report, The Future of Predictions of
the Research and Development Working Group (November 2000), set out its
technology projections for 2010: 

Of course, the farther we peer into the future, the cloudier is our
vision. Nevertheless, we expect that, although better procedures
will undoubtedly have been developed, the 13 core STR loci will
still be the standard currency. The reason is that changing systems
is expensive and inefficient, and a system that is in place and
working well is likely to be continued. 

There may be some transition to new technologies, mainly to
supplement the standard STRs. SNPs will be widely used in med-
ical and agricultural research, so there will be many opportunities
to carry these over for forensic purposes. We therefore envisage
additions to the STR loci for some casework. 

Within 10 years we expect portable, miniaturized instrumentation
that will provide analysis at the crime scene with computer-linked
remote analysis. This should permit rapid identification and, in
particular, quick elimination of innocent suspects. 

By this time there should be a number of markers available that
identify physical traits of the individual contributing the DNA. It
should be possible, using this information, to narrow the search
for a suspect, with consequent increases in the accuracy and effi-
ciency of operation. 
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The full impact of DNA technology in the near future remains to be seen.
It is rapidly becoming the centerpiece of the investigation and prosecution
of crime worldwide.
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11Forensic 
Anthropology and 
Entomology

Full fathom five thy father lies, 

Of his bones are coral made;

Those are pearls that were his eyes:

Nothing of him that doth fade

But doth suffer a sea change

Into something rich and strange.

Shakespeare, The Tempest, Act I, Sc. 2.

I. Introduction

This chapter addresses the significant contributions made to the criminal
justice system by the academic disciplines of anthropology and entomology.
The theory and methods developed by scholars in these two fields have
provided consistent and ongoing aid in the identification of the remains of
homicide victims and in narrowing the range of time-of-death determina-
tions.1 The analysis of human remains to reveal our cultural antecedents can
also reveal much about the identity or general profiles of unidentified remains.
The close study of the universe of insect species can be narrowed to species
that consistently accompany the deterioration of the human body and pro-
vide investigative timelines of often decisive value to the state and defendant
alike. The principles and practice of these two academic subjects are used in
the fields of forensic anthropology and forensic entomology on a regular
basis in the investigation and trial of criminal cases.
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II. Forensic Anthropology

As in the anticipated use of any forensic discipline, lawyers need to be aware
of many discrete aspects of forensic anthropology. The basic question of just
what forensic anthropology can or cannot do as an aid to criminal investi-
gation must be ascertained.2 This is especially important with forensic dis-
ciplines such as forensic anthropology and forensic entomology, which are
both academic, university-based, sciences where the forensic aspects are not
the major focus or raison d’etre for its study. There is much to know in these
two fields that have little to do with the identification of human remains or
estimating a time of death. 

How does a forensic anthropologist differ from a university anthropolo-
gist not associated with criminal investigations? Is the fact that prominent
practitioners in this field are typically university professors of any real con-
sequence? It is important to understand that here, as in all other forensic
sciences or disciplines, opinion statements come in the same class or individ-
ualistic forms. Some central, basic investigative questions that may be readily
answered by forensic anthropologists examining human skeletal remains
follow: 

Is it a bone at all, as opposed to plastics or tree roots? Is it a human as
opposed to animal bone? What bones are there from a total of 100% of the
human skeletal structure and why those if less than the total? Are missing
bones the result of animal scavengers or human agency? Are the bones of
more than one person present? If so, is there any indication of the length of
time all of such bones have been there? What is the sex? What is the age range?
What is the left- or right-handed status? What is the general type of build?
What are the distinguishing dental traits? Does there appear to be a history
of bone injuries? Is there any indication of disease processes? Finally, can
experts pinpoint the racial characteristics of the person as claimed by forensic
hair analysts?3

A relatively new field utilized by investigators that is a staple of anthro-
pological research is that of cranial and facial reconstruction techniques used
to identify an individual from a skull.4 Given the massive deaths in contem-
porary wars, forensic anthropology has once again been challenged to aid in
the identification of war crimes.5

A number of excellent scholarly6 and popular books7 and articles devoted
to the study of various levels and subdisciplines in the field of forensic
anthropology are available to make interesting reading or required examina-
tion for lawyers increasingly involved in the use of forensic anthropological
techniques, in the investigation and prosecution of a homicide. Excellent and
comprehensive Web sites devoted to anthropology proper and to the field of
forensic anthropology are also appearing with regularity.8
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III. Forensic Anthropology Cases

The primary uses of anthropology in the investigation of crime has been in
the identification and number of individuals associated with unidentified
human remains. Given the prestigious pedigree of anthropology and the
rigorous schooling and field work associated with this discipline, there are
few cases addressing any significant qualification issues with respect to aca-
demic anthropologists. However, as new techniques or theories emerge in
the academy, foundational issues will follow the professors to the courtroom.

In Commonwealth v. Baker, a 2003 Massachusetts case,9 defendant was
convicted of the first-degree murder of his seven-month old son. The Com-
monwealth’s theory at trial was that the defendant fatally injured his child
Dymitris by smashing his head into the wall (or walls) of the apartment. 

Prior to trial, the defendant’s trial counsel had sought, and received,
funds for the purpose of retaining a mechanical engineer to conduct an
independent examination of the wall and assess the validity of the Common-
wealth’s anticipated theory of the wall as the murder weapon. The order for
those funds, however, was rescinded by a judge (not the trial judge), over
objection, during a hearing on the defendant’s motion to continue the case
to allow his experts sufficient time to make their findings and conclusions.
The judge’s rescission order came after the prosecutor stated to the judge
that the Commonwealth had “no intention of specifying that the baby’s head
was smashed against a wall.”10

As a result of the rescission of the order for funds, the defendant’s trial
counsel proceeded to trial without the assistance of any expert. He stated in
his affidavit that he was surprised at trial when the Commonwealth actually
presented evidence and argument with respect to the wall.11

An expert for the Commonwealth, Dr. Ann Marie Mires, a forensic
anthropologist and the director of the Human Identification Unit at the
Medical Examiner’s Office, compared the size of a plaster replica of Dymitris’
skull with the indentations in the wallboard from the living room and hall-
way. Dr. Mires opined that the size and shape of the indentations were
consistent with the dimensions of Dymitris’ head. Dr. Mires illustrated to
the jury, using a doll as a model, that the indentations in the wallboard were
consistent with having been “impacted” by the left side of Dymitris’ head. 

The use of models, such as the doll, generally lay in the sound discretion
of the judge. Here, however, the doll that was used in the examination of the
expert was, by all accounts, of dimensions much smaller than those of Dym-
itris and, thus, had the potential to mislead the jury. The defendant’s trial
lawyer, therefore, was on firm ground when he objected to the use of the doll,
because its dimensions did not approximate those of Dymitris, thus giving
the jury an inaccurate impression. The questionable use of the doll by the
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prosecutor served to strengthen the court’s conclusion that the trial was
unfair. 

The Commonwealth also introduced the single hair found in the inden-
tation in the hallway wall. Although the jury knew, from the defendant’s trial
counsel’s vigorous questioning of the Commonwealth’s forensic chemist, that
the hair had not been determined to be from Dymitris’ head, the prosecutor
strongly suggested otherwise in her closing comments to the jury:

Ladies and gentlemen, this wall has the defendant’s signature all
over it. There is the first punch in the middle and there’s the
overlaying impression that Doctor Mires spoke of, the overlaying
indentation consistent with the size, the shape, the dimensions of
Baby Dymitris’ head, this wall that held the tiny hair, the human
hair that was imbedded in the plaster, this wall that right under-
neath there was fresh plaster in the carpet.12

The court noted that the single hair was the only physical evidence used
by the Commonwealth to link Dymitris to the indentations in the wallboard.
The reports and affidavit submitted in support of the defendant’s motion for
a new trial indicated that, had the defendant’s trial counsel retained an expert
to examine the hair:

• A microscopic examination of the hair (which would not have con-
sumed the hair) would have had the defendant’s trial counsel retained
an expert to examine the hair.

• A microscopic examination of the hair (which would not have con-
sumed the hair) would have revealed that its likely source was not a
human head at all, but a human limb.

• Mitochondrial DNA analysis would have determined that the hair
had not belonged to Dymitris.13

Dr. Peter R. DeForest, a forensic crime scene reconstructionist, and Dr. Terry
Melton, a DNA specialist, participated in the investigation. Dr. DeForest exam-
ined the impressions of the indentations in the walls of the living room and
hallway and the plaster skull replica of Dymitris head used by the Common-
wealth at trial and concluded that, contrary to the testimony of Dr. Mires, there
was no evidence either wall had been “impacted” by Dymitris’ head. Also, after
examining the single hair found in the wall under a microscope, Dr. DeForest
said “it was more likely that the hair was a limb hair from the defendant than
a head hair from [Dymitris].” Dr. Melton conducted mitochondrial DNA testing
on the hair and concluded that the hair did not belong to Dymitris.

The court concluded that the defendant was entitled to a new trial, where
the prosecution’s pretrial position was that the prosecution would not present
evidence at trial that the size and shape of the indentations in the wallboard
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of the defendant’s apartment were consistent with the dimensions of his son’s
head, but prosecution did present such evidence at trial, and defense counsel,
after learning that prosecution would present such evidence, did not request
a continuance so that defendant could once again seek funds for an expert’s
thorough evaluation of the wallboard evidence.

The court also ruled that defendant’s trial counsel was ineffective where
trial counsel made no attempt to determine the accuracy of the findings and
conclusions of Commonwealth’s forensic, medical, or scientific experts
regarding the single hair found in the indentation in the wallboard in defen-
dant’s apartment, which prosecutors asserted during closing arguments was
a hair from the son’s head, and counsel made no attempt to determine
whether other available tests might have excluded the child as the source of
hair or what risks those tests entailed.14

In the 2003 Louisiana decision in State v. Wright,15 the defendant was
convicted of second-degree murder of young woman. In April 1998, Rosalind
Greenhouse, a 17-year-old female, was reported missing. Two years later,
human remains found under a house were believed to be hers. DNA testing
supported this assumption, although it was not conclusive. Rosalind was last
seen entering an apartment where Mr. Wright resided. Defendant alleged
that the state failed to establish that the victim was Rosalind Greenhouse,
thus failing in their basic duty to establish the corpus delecti.

The court initially noted that independent proof necessary to satisfy
corpus delicti may be either direct or circumstantial and does not have to go
to every element of the offense; it need only establish the commission of a
criminal act:

Mr. Wright claimed the state failed to establish corpus delicti. In other
words, the state’s only proof that Rosalind died from a criminal act was
Mr. Wright’s own uncorroborated confessions. However, the independent
proof necessary to satisfy corpus delecti may be either direct or circumstantial
and does not have to go to every element of the offense; it need only establish
the commission of a criminal act.16 Here, however, the court observed, all of
the forensic evidence pointed to Rosalind Greenhouse.

Dr. Pat Wojtkiewicz, qualified as an expert in the field of DNA analysis,
testified that his lab tested a tooth, an arm bone, and a reference sample
Rosalind’s mother provided. The latter was used to determine, through mito-
chondrial DNA, whether the bones could belong to a maternal relative of
Mrs. Greenhouse. Mitochondrial DNA is not highly individual between per-
sons; rather, as Dr. Wojtkiewicz testified: 

It’s only passed from the mother to the children. And this is
primarily the type of DNA that’s used to type skeletal remains or
bones from ancient sites and so forth…. And its type is used for
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skeletal remains because it’s a longer-lasting and more numerous
a quality of that DNA. So typically, when we do skeletal remains,
we’ll do mitochondria DNA typing.17

Dr. Wojtkiewicz explained that the type of mitochondrial DNA samples
examined in the present case has not been found in Caucasian, Hispanic,
Asian or Native Americans.

Dr. John Verano, qualified as an expert in forensic anthropology, exam-
ined the remains found in the present case and concluded that the skeletal
remains were consistent with an African-American female, approximately 16
to 20 years of age. According to Rosalind’s mother, Rosalind’s teeth were in
perfect condition when she disappeared. This is consistent with Dr. Verano’s
testimony that he did not observe any cavities or fillings in the skull. He
noted that none of the human bones showed carnivorous damage and that
the head was partially mummified, both of which were indications that the
body was not placed under the house right away. When asked if the death of
the person to whom the skeletal remains belonged could have been accidental,
Dr. Verano stated: 

I guess what I would say is that the circumstances under which
the remains were found are highly suspicious and what I would
say is that in my opinion it would be highly unlikely that someone
died accidentally or committed suicide and ended up under that
house without human aging. And my argument comes from the
fact that that skull shows so much dry tissue that in my opinion
it must have been kept somewhere protected from flies, protected
from carnivores.

Dr. Verano further stated that he saw “human factors in manipulation
of the body.”

The use of cranial reconstruction combined with photographic overlays
was the key to a murder victim’s identification in State v. Nyhuis,18 a 1995
capital murder case. Photographs provided by defendant and photographs
obtained from his missing wife’s immigration file were sent, along with
photographs of two other missing females, to a forensic pathologist for
overlay comparison with the skull. The pathologist determined that the skull
was compatible only with the photographs of his wife.

A forensic anthropologist who specialized in identifying skeletal remains
of unknown victims made a facial reconstruction from the skull. The anthro-
pologist provided the Missouri State Highway Patrol with a photograph of
the facial reconstruction. He also gave them an estimation of the victim’s age,
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height, and weight, and informed them that the victim was an Asian female.
After the Highway Patrol published the photograph, it received a phone call
stating that the photograph resembled defendant’s wife, Bunchee Nyhuis.

The state offered the skeletal remains to illustrate the wounds and to
demonstrate how the victim was identified. The cause of death, the nature
of the victim’s wound, and the identity of the victim were all at issue. The
skull and bones helped to illuminate these issues and were thus probative.
The appellate court ruled that the trial court did not abuse its discretion in
admitting the skeletal remains.19

In State v. Bondurant,20 defendant was convicted of murder and arson.
An excavation revealed burned human cranial fragments mixed with charcoal
and burned soil. Dr. Bass, a forensic anthropologist, found seven cranial bone
fragments that were large enough to make positive identifications. While
the other bone fragments were too small to positively identify the area of the
skull they came from, he was certain that they were human skull fragments.
From studying the larger fragments, Dr. Bass testified that the bones appeared
to have been broken before being burned, and that the irregular broken edges
suggested that blunt trauma had occurred. He was more than 50% certain
that some force had been applied to the skull before it was burned. Moreover,
based on the thickness of six larger fragments that could be measured,
Dr. Bass was 75% certain that the bones were from a human male, and he
was 90% certain that the bones had been there one to 15 years. Id. at 7.

On occasion, human remains are subject to examination by forensic
anthropologists long after death or burial has occurred, and nonetheless
yielded dispositive information as to the existence of criminal agency. In State
v. Delgros,21 defendant was convicted of a double murder. On January 3, 1978,
a fire broke out at the residence of appellant and Donald D. Morris, her
husband. They lived in a mobile home with Christopher Styles, John Styles,
and Edward Bridge, appellant’s children from two previous marriages.
Donald Morris and Christopher Styles were found dead, and the other two
children were seriously burned, but they ultimately recovered from their
injuries. Appellant did not suffer any injuries. After the blaze, questions were
raised concerning the cause of the fire, but the County Coroner determined
that because both bodies had been severely burned as a result of the fire, the
deaths were accidental. The file was reopened in 1993.

Another witness noted that when he had viewed the bodies in the morgue,
Morris appeared to be missing an ear. Even though the body had been severely
burned, he noted the charred remnants of one ear but not the other. 

Edward Bridge, Sr., who had a lengthy criminal record and who was
confined to prison in Pennsylvania stemming from a rape conviction, was
contacted by police and stated that he had witnessed defendant strike Morris
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on the head, knocking him to the floor. According to Bridge, she then
obtained a knife, stabbed Morris four or five times, poured some liquid by
the furnace, and then set fire to the trailer.22

On the basis of this information, the bodies of the decedents were
exhumed. The state of Ohio contacted Summit County Coroner, Dr. Samuel
Cox, and Dr. Douglas Owsley, a forensic anthropologist employed by the
Smithsonian Institute, who conducted independent examinations of the
remains. They both concluded that Morris had sustained multiple stab
wounds to the back prior to the fire. Owsley examined the body and presented
testimony using the actual bones during his presentation. However, at the
conclusion of state’s case, the prosecutor requested that the court admit the
slides in evidence in place of the actual bones. After hearing the objection,
and conducting an in camera inspection of the slides and the witness’ pro-
posed testimony, the court allowed the substitution. The court ruled that the
substitution was appropriate, holding that the slides would be a better sub-
stitution than the actual bones themselves.23 

On occasion, the use of statistics is combined with the tools of forensic
anthropology to establish or assist in the identification of human remains.
In State v. Klindt,24 the defendant was convicted of murdering his wife and
using a chainsaw to dismember the body. Joyce Klindt disappeared from her
Davenport, Iowa, home on March 18, 1983, and on April 16, 1983, fishermen
found a female torso lodged against a bank of the Mississippi River. The torso
had been severed just above the navel and just below the hips. A pathologist
testified that a mechanical saw, probably a chain saw, had been used to cut
up the body. The state was faced with the task of identifying the torso as that
of defendant’s wife Joyce.

A statistician testified that the torso found in the river was more likely
to be that of Joyce Klindt than any other person who had been reported
missing in the area. Investigating officers had developed a list of all the white
females who had been reported missing in a four-state area around Daven-
port as of April 16, 1983, the date the torso was discovered. This list, originally
containing data on 17 women, was narrowed by eliminating those who had
obvious identifying characteristics such as scars. Four missing women
remained on the list, including Joyce Klindt.

Dr. Russell Lenth testified that, as a statistical analyst, he takes data or
facts that are known and attempts to determine what is likely to be true by
applying the mathematical laws of probability. He testified that he was fur-
nished with data on the torso, including race, sex, age range, and blood type.
He also considered the fact that the torso had borne a child, had had an
episiotomy (a surgical procedure in connection with childbirth), and that it
had not been surgically sterilized. Evidence showed Joyce Klindt fell within
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all of these categories. From other sources, Lenth obtained information con-
cerning some of these conditions with respect to the other three missing
women and determined the frequency of certain of these conditions among
the general female population. Based upon the likelihood of the concurrence
of those factors among the missing women, Lenth testified that the proba-
bilities were over 99% that the torso was Joyce Klindt’s rather than any of
the other three. The court concluded that the statistical evidence utilized to
identify the body was properly admitted.

IV. Racial or Ethnic Identification

Pinpointing the race of the individual’s remains is instrumental in aiding
identification in certain cases, but is still a controversial subject.25 As noted
by Pickering and Bachman in their recent treatise, The Use of Forensic Anthro-
pology:

It is important to recognize that of all the major biological vari-
ables, this one (determining race) is perhaps the most difficult
and easiest to misidentify. For this reason, your consulting anthro-
pologist may not always be able to determine the race.26

In Pipkin v. State,27 defendant was convicted of murder. Defendant argued
that his trial counsel was ineffective for failing to challenge the qualifications
of witness Emily Craig, proffered by the state to testify as an expert on the
race of the human remains recovered from the river. Her preliminary testi-
mony demonstrated that she was a doctoral student studying under
Dr. William Bass at the University of Tennessee in forensic anthropology, had
a master’s degree from the Medical College of Georgia and was slated to
receive her doctoral degree in approximately five months. Her specialty in
forensic anthropology was in the knee and shoulder, an area in which she
had extensive training from working at the Houston Orthopaedic Clinic for
15 years.

Craig explained that she had spent the last three years researching a
method to determine a person’s race by measuring the end of the femur and
the angle in the knee joint. In addition to being the topic of her dissertation,
she had also written an article on that subject that had been accepted for
publication. She stated that this area was not a new field of study, but rather
a new method. Using this method, she testified that the human remains in
this case were of a white or Caucasian person.28 On cross-examination, Craig
stated that she believed her methods had been generally accepted by the
forensic science community. The conviction was affirmed.
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V. Individual Identifications

In Robedeaux v. State,29 defendant was convicted of first-degree murder,
and was sentenced to death in a case where a woman had been beaten and
dismembered. An examination of the skull and comparison to x-rays of the
decedent were performed by Dr. Larry Balding, Medical Examiner’s Office,
and the famous anthropologist, Dr. Clyde Snow. The conclusion reached was
that the skull was that of the decedent. They also examined the leg found at
Deep Fork River and were of the opinion that the leg was that of the decedent.
Examining the arm and attached hand found at Coon Creek, the doctors
opined that it too belonged to the decedent. Dr. Balding testified that there
was no way, from the three body parts, to determine the cause of death, but
because of the evidence of dismemberment of the body, he believed it to be
a homicide.30

In State v. Cross,31 defendant was convicted of the murder of one Sharon
Elise George. In1991 hunters found a human skull, later identified as that of
the victim, who had disappeared in 1982. State witness Joseph Norman
testified that he met the defendant, who lived next door to his mother, in
1981 at which time defendant expressed jealousy of the victim, who was her
ex-husband’s girlfriend. She eventually solicited him to arrange for the mur-
der of the victim, which was accomplished. The victim’s ex-husband identi-
fied a picture of the victim, who had a chipped tooth and was wearing a
brown belt with white lacing.

Dr. William Bass testified that he was a professor and director of the
Forensic Anthropology Center at The University of Tennessee, where he
worked as a member of the medical examiner’s staff identifying skeletal
remains. The Tennessee Bureau of Identification contacted him to identify
remains of a teenage white female with chipped teeth. He said that the body
was clothed when buried and that he found a black belt edged with white
stitching around the waist. He stated that after taking a bitewing x-ray, he
identified the remains as those of Sharon Elise George. He said that x-rays
of the remains revealed a fracture to the back of the skull. He stated that this
skull fracture could have resulted from the victim’s being hit with a large,
flat rock. He said that he found lead pieces, which were most likely shotgun
pellets, in the vertebrae. He stated that the fragmented cervical bones in the
upper body indicated that the victim had been shot with a shotgun.32

VI. Forensic Anthropology: Photography

The use of forensic photography is a staple of crime scene investigation and
of most of the forensic sciences routinely used in criminal prosecutions. The
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use of such photography is normally limited to visual support for the labo-
ratory or field examination opinion proffered at trial. However, on occasion
forensic anthropologists are asked to examine photographs of a suspect’s face
or other body part to effect an identification of such person as the perpetrator
of a crime. 

In United States v. Dorsey,33 defendant was convicted of bank robbery
arising out of two robberies of two institutions allegedly robbed by defendant.
In both cases surveillance photos were available. The FBI showed a bank clerk
a photo array containing photographs of Dorsey and five other black males.
Initially, she was unable to decide which of two of the six photographs
portrayed the robber, at which point Special Agent Lane Betts asked her if
viewing the bank surveillance photographs would refresh her recollection.
After indicating that it would, bank clerk Habersack identified Dorsey as the
man who robbed her. On the same day, the photo spread was also shown to
Keeley, another eyewitness, who, after viewing the surveillance pictures, also
identified Dorsey as the man who robbed the Signet Bank. At trial, both
victim tellers made positive in-court identifications of Dorsey as the man
who robbed them. The jury was shown both the photo arrays shown to the
tellers, and numerous surveillance photographs depicting each of the two
robberies in progress.

At trial, Dorsey presented a defense of mistaken identity, and in support
of that defense, Dorsey sought to introduce the testimony of two forensic
anthropologists who would testify that Dorsey was not the individual
depicted in the Bank of Baltimore surveillance photographs. He argued that
the district court committed reversible error by excluding the testimony of
these two defense witnesses. Spencer Jay Turkel and James Vandigriff Taylor,
both forensic anthropologists, were hired to compare the surveillance pho-
tographs of the bank robberies to recent photographs of Dorsey and photo-
graphs of the boots that were seized from Dorsey’s house. Their report
concluded that the person depicted in the Bank of Baltimore surveillance
videos was not Dorsey. The district court ruled to exclude the evidence,
stating:

I am not so sure this is a recognized science such as a forensic
chemist, or forensic scientist who does fingerprints, who does
chemical analyses, who does handwriting; they are recognized. I
think … what we are doing here is comparing, is comparing some
photographs. What we are really asking this expert to do is to tell
the jury not to believe the witnesses in this case, because the
witnesses in this case have already made their identification of the
same evidence. They have said I looked at the photographs at the
bank and I have been able to ID these photographs that belong
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to Mr. Dorsey. And I think that becomes clearly a jury function
as to whether they are or are not. They believe them, why should
we need an expert to say that they are wrong? I don’t believe an
expert can usurp the jury function in that regard…. I don’t believe
that I would need it. He said he would conclude with a reasonable
degree of scientific certainty. I don’t even believe that is enough.34 

The appeals court ruled that it was clear that the testimony to be pre-
sented by the two forensic anthropologists in the instant case did not plainly
satisfy the first prong of Daubert — that is, that the evidence to be presented
by the experts amounted to scientific knowledge.

However, the use of photographs by experts in forensic anthropology
was accepted in the Supreme Court of Illinois’ 1988 decision in People v.
Hebel,35 where defendant was convicted of aggravated criminal sexual assault
and aggravated criminal sexual abuse. The defendant was accused of molest-
ing and taking illicit nude photographs of overnight guests of his minor
daughter. He was arrested after a photograph development store called police.

Defendant argued that his conviction should be reversed because the
only substantive evidence against him was a photograph. The photograph in
question (People’s Exhibit No. 15) was found in a search of defendant’s home.
It shows a hand spreading apart a minor female’s sex organ. The victim’s
parents identified her as the female in the photograph, based on identifying
marks. 

The victim’s father testified that to his knowledge his daughter spent the
night at the Hebel residence only once in the summer of 1984. He stated that
the victim has identifying moles, freckles, or brown spots on her right buttock
and on her right thigh. He identified People’s Exhibits Nos. 5 and 6 as
photographs of his daughter asleep in a bed, People’s Exhibits Nos. 12, 13,
and 14, as photographs of her buttocks and vagina, and People’s Exhibit No.
15 as a photograph showing a hand opening her “vaginal cavity.” Number 17
was an enlargement of No. 15.36

Gerald Richards, an FBI agent specializing in forensic photography, tes-
tified as an expert witness in the area of forensic photography. Richards did
a side-by-side comparison of People’s Exhibit No. 15 with known photo-
graphs, looking for folds or creases of the hand, scars, marks, and general
characteristics. He found a number of fairly unique characteristics in com-
mon; however, he was “not able to positively identify both hands to the
exclusion of all other people in the world.” Richards did find numerous
characteristic that “strongly suggest” the hands in the photographs are the
same hand. He did not observe any differences that would suggest they are
not the same hand. He said the hands in the photographs appeared to be
those of a male.
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Ellis Kerley, a professor of physical anthropology with the University of
Maryland, testified that he specialized in forensic anthropology and, after
questioning by the attorneys, he was declared an expert in that field. He
compared the questioned photographs with the known photographs and
photocopied one of the known photographs to mark for comparative pur-
poses. People’s Exhibit No. 26 is a marked photocopy *15 of People’s Exhibit
No. 22K illustrating points of comparison in red ink. Kerley found no points
indicating dissimilarity. He found 22 points of similarity. In his opinion, the
hand in People’s Exhibit No. 22K is the same hand depicted in People’s
Exhibit No. 17. Kerley admitted it was “possible” that the hands in the known
and questioned photographs are not the same hand.37

The court accepted the expert testimony as a solid basis for the identifi-
cation of the hand in the photograph as belonging to the defendant:

Based upon the foregoing evidence, we believe defendant was
clearly proved guilty beyond a reasonable doubt. Expert testimony
that defendant’s hand is depicted in the relevant photographs is
convincing. We see the similarities noted by the experts. Moreover,
when the strong circumstantial evidence is considered, proof that
it is defendant’s hand in the picture is overwhelming. The photo-
graph was found hidden in defendant’s house. Apparently, he was
the only adult male that had access to the victim while she was
asleep. He had taken photographs of the victim nude earlier in
the day.38

The importance of forensic anthropology to the investigation and pros-
ecution of crime continues to be recognized. This has become especially and
unfortunately a means of identification of victims and the prosecution of
genocide in the wars and massacres of our new century.39

VII. Cultural Anthropology

Cultural anthropology, the study of religious and cultural beliefs, customs,
and folkways in numerous cultures and world subcultures, has recently been
utilized in criminal cases as a guide to determining behavior or the outlines
of certain cultural aspects tangential to a prosecution. Cultural and social
anthropology are growing fields and there is much to learn about the cultures
of recent immigrants or religious converts that is increasingly appearing in
the criminal justice system.40 

In People v. Jones,41 where defendant was convicted of first-degree murder
for the beating death of his wife, the court held that his trial counsel was not



490 Forensic Evidence: Science and the Criminal Law, Second Edition

ineffective for failing to call an amir or sheik or other expert to testify
regarding defendant’s Islamic faith and its sanction of wife-beating.

We seriously doubt that anyone knowledgeable on Islamic teach-
ings would have proved helpful to this defense. Had such an expert
been found, had he explained the righteousness of defendant’s
conduct, or merely explained how defendant may have believed
that his actions conformed to religious teachings, the expert would
not have changed the outcome. The sovereign State of Illinois has
a longstanding rule *692 of law that prohibits the engaged-in
conduct. This society will not abide defendant’s actions regardless
of the religious beliefs that may have motivated them. If a religion
sanctions conduct that can form the basis for murder, and a prac-
titioner engages in such conduct and kills someone, that practi-
tioner need be prepared to speak to God from prison.42

In State v. Haque,43 defendant was convicted of murder and assault with
a dangerous weapon. The Maine Supreme Court ruled that a psychiatrist’s
testimony that defendant was in a “blind rage” when he killed victim
embraced an ultimate issue and was properly excluded, and that the testi-
mony of a cultural anthropologist was properly excluded as irrelevant.

In January 1991, Haque left his home in Raniganj, India, to attend college
in Lewiston. Soon after his arrival, Haque was befriended by Lori Taylor, a
fellow student, who was married and living with her husband and daughter.
The two began a romantic relationship, which led to an engagement. Prob-
lems between the two led to relationship counseling. Shortly after Taylor
called the relationship off, Haque stabbed her to death with a kitchen knife.

At trial, the defense argued that Haque did not form the requisite mens
rea to be guilty of murder and that he was guilty of manslaughter, rather
than murder, because he acted while under the influence of extreme anger
brought about by adequate provocation. The theory supporting the defense
was that Haque’s traditional Muslim Indian upbringing, immigrant experi-
ence, and psychological condition strongly influenced his perception of his
relationship with Taylor and, eventually, the way he reacted to Taylor’s ter-
mination of the relationship.

The court noted the testimony of Dr. Bloom, the defense medical expert,
who stated that defendant suffered from major depression and attention def-
icit disorder. Bloom placed special emphasis on Haque’s response to Taylor’s
statement that they were just too different, which according to Bloom, Haque
interpreted as meaning that she saw him as being racially inferior to her.
Bloom testified that as a result of the statement, Haque was in “a state of
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blind rage and it was in that state of mind” that he acted. The trial court
excluded any testimony that Haque went into a rage.

The court also excluded all testimony by the defense expert, Dr. Caughey,
a cultural anthropologist with an interest in psychological anthropology, who
had conducted research into the experience of immigrants to the United
States and how people manage multiple cultural traditions:

During voir dire, Caughey discussed the various factors that affect
an individual’s transition between two different cultures and how
those factors were relevant to Haque’s experience in the United
States. Caughey also discussed gender relationships in traditional
Muslim India and how an understanding of that topic would help
explain Haque’s relationship with Taylor. According to Caughey,
in traditional Muslim India there is no dating and relationships
are expected to last for life. Caughey testified that given Haque’s
traditional Muslim upbringing, the “on-again-off-again quality”
of his relationship with Taylor “must have been … extremely dif-
ficult to manage.”44 

Haque contended that the trial court erred in excluding Caughey’s tes-
timony on cultural transitions because the testimony would have assisted the
jury in determining whether Haque had the requisite state of mind to be
guilty of murder. The court recognized that a cultural anthropologist or other
expert in cultural norms may very well possess specialized knowledge that
can assist the trier of fact in setting requiring in depth knowledge of foreign
cultures and the impact of living in a new country.45 However, the court
stated, any such testimony must be relevant. Here, the expert’s testimony had
nothing to do with the important issue of the defendant’s mental state:

Dr. Caughey qualified as an expert in cultural anthropology, but
was not qualified to, and did not, offer testimony as to Haque’s
state of mind. Although cultural differences may be relevant to a
defendant’s state of mind, Caughey’s testimony was not relied on
by Haque’s psychiatric expert, Dr. Bloom. Moreover, Haque ex-
pressly disavowed any reliance on a cultural defense. Accordingly,
the testimony of Dr. Caughey was irrelevant to any state of mind
defense.46 

The court concluded that the one area here where the testimony of the
cultural anthropologist might be relevant would be the affirmative defense
of adequate provocation, which might reduce murder to manslaughter, if
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the defendant demonstrates that he caused the death while under the influ-
ence of extreme anger or extreme fear brought about by adequate provoca-
tion.47 Here, however, the court observed that the events that Haque
contended provoked his extreme anger were Taylor’s refusal to marry him,
her desire to terminate their relationship, and her statement that “we are just
too different.” As mere words that ended a romantic relationship, they failed
to so qualify.48

VIII. Forensic Entomology

Entomology is the study of insects, involving, among other topics, their
biology, locations, mutations, and their control in relation to the world’s
environment. It is an extensive field with a worldwide network of university
professors and commercial experts utilizing its findings in the areas of agri-
culture and other studies of natural phenomenon. Entomologists are involved
in studying the reduction of harmful species of insects that destroy food,
housing, plants, and clothing, or cause sickness in humans, livestock, and
pets. Other entomologists study new methods to increase the growth and
spread of insects that provide food (honey), pollinate crops, assist in destroy-
ing harmful insects, or are eaten as food by birds and fish.

More and more books49 and Web sites50 are available to the neophyte in
learning about this important subject.51

Entomology is also a staple of the world of forensic sciences due to its
significant contribution in resolving questions as to the time of death of
victims or whether a death is the result of suicide or homicide. The arrival
and departure of insects and their indicia have been proven to be accurate
predictors of the relative time of death of a partially decomposed body. This
primary use of this science and its value and general acceptance is consistently
recognized in reported decisions. Given the centrality of time-of-death esti-
mations in homicide cases where an alibi is claimed, it is no wonder that this
context is so often the basis for judicial scrutiny. However, given the very
nature of forensic entomological testimony, claims are bound to arise in
regard to the gruesome nature of the photographs used to support the foren-
sic entomologist’s testimony.52

A recent example of the importance of entomology on time-of-death
cases was presented in the notorious murder trial of David Westerfield for
the murder of 7-year-old Danielle van Dam. The death was a crucial issue
in the 2002 capital murder trial of her neighbor, David Westerfield. Wester-
field, based on his entomologist expert’s estimation of the time of death,
proffered an alibi that he was alone on a camping trip. The victim was missing
for 26 days before rescuers found her naked, badly decomposed body along
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a roadside. Prosecutors claim she was killed within the first couple days of
her abduction. Westerfield’s lawyers alleged that the state of her remains
indicated that the defendant was already under police surveillance when she
was killed and, therefore, he could not be the perpetrator. The defense called
a pair of forensic entomologists who said insect evidence supported that
theory. Prosecutors fought back with their own time-of-death experts. This
case received extended attention from the media and spawned several Web
sites tracking the entomological aspects of the testimony.

Court TV’s extensive coverage of this trial, centered in time-of-death
issues debated by rival forensic entomologists, can be viewed at
http://www.courttv. com/trials/westerfield/. This Court TV special coverage
in their Court TV Trial series is an excellent and fascinating look at the actual
work of forensic entomologists on the crucial time of death issue. Coverage
extends from investigation, trial, and sentencing. It is a unique opportunity
to view testimony and photographs in this tragic case.53 

Forensic entomologists David Faulkner, Dr. Neal Haskell, Dr. William C.
Rodriguesz, III, Dr. Madison Lee Goff, and Dr. Robert Hall provided prose-
cution and defense testimony on the entomological bases for determining
the time of the child’s death, crucial to defendant Westerfield’s alibi.54

IX. Entomology Cases

In Seebeck v. State,55 defendant was convicted of felony murder and second-
degree larceny. Examination of the area in front of the victim’s house revealed
that a struggle apparently had taken place there, because the victim’s hat,
bow tie, and camera were strewn about. Near the front door, the police found
an area of matted-down grass on which there was a bloodstained brick, and
from that area, there were drag marks along the right side of the house to
the rear corner where the body was found. An autopsy revealed that the
victim had suffered extensive injuries to the head, a fractured skull, a broken
right arm, a dislocated wrist, four stab wounds in the back, and six fractured
ribs. The cause of death was a depressed skull fracture with laceration of the
brain, caused by an object such as the corner of a brick. There was consid-
erable maggot activity on the victim’s head and body.

Stephen Adams, an assistant medical examiner, went to the scene to
investigate the circumstances of the victim’s death. On the basis of his obser-
vations of the victim’s body, the yard, and surrounding locations, Adams
concluded that the victim had died two to four days before his body was
discovered on June 24. Catherine Galvin, the acting chief medical examiner,
who had performed the autopsy, examined photographs of the victim’s body
taken at the scene, inspected temperature records and viewed the actual scene.
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She concluded that within reasonable medical probability, the time span
between the victim’s death and the delivery of his body to the medical exam-
iner’s office on June 24 was between two and four days. Wayne Lord, a forensic
entomologist who had been consulted by the Office of the Chief Medical
Examiner, concluded that the victim’s death occurred sometime between the
late afternoon of June 19 and the early afternoon of June 21.56 

The defendant claimed in the trial court that there was newly discovered
evidence regarding, generally, developments in the field of forensic entomol-
ogy, and specifically, alleged changes in the opinion of expert Lord, who had
testified as a witness for the state in the original trial. As the present trial
court, “(t)he focus of (the petitioner’s) claim as newly discovered evidence
is that Lord’s testimony at the (criminal) trial was crucial in establishing the
time of death of (the victim) to be late morning or early afternoon of Friday,
June 20, 1980, (that is, before the petitioner had left the Waterford area), but,
since that testimony in 1986, he has given (an) opinion in subsequent homi-
cide cases which differs entomologically” from the opinion expressed in that
testimony.57

In support of this assertion, the defendant offered in evidence two dep-
ositions of Lord, taken on September 7, 1990, and on June 9, 1992, as well
as two scientific papers through the testimony of William Kriniski. One of
the papers was entitled Nocturnal Oviposition Behavior of Blow Flies, by
Bernard Greenberg, published in 1990,58 wherein Greenberg reports observ-
ing nocturnal oviposition, or laying of eggs, by blow flies. The trial court
stated:

Kriniski, Greenberg, and Lord, all entomologists, testified at the
petitioner’s criminal trial. Kriniski and Greenberg testified at the
trial that in their opinion, from analysis of the stage of larvae on
the (victim’s) body, death could not have occurred before Satur-
day, June 21, 1980. Their opinions were based on their belief that
nocturnal oviposition does occur. The (petitioner) did not offer
(the testimony of Kriniski and the scientific papers introduced
through him) simply to bolster Kriniski and Greenberg’s opinion
(expressed at the criminal trial) but (also to show that in Lord’s
deposition of June 9, 1992, he did not dispute Greenberg’s obser-
vation of such nocturnal oviposition.” Thus, the petitioner
claimed that Lord’s deposition response, when asked about Green-
berg’s study, constituted new evidence that Lord had now adopted
Greenberg’s opinion.59

The trial court found, however, that the petitioner’s evidence did not indicate
any material change in Lord’s opinion.
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The trial court had apparently found that Lord still disagreed with Green-
berg, noting that, when asked about Greenberg’s study at his deposition, Lord
had commented, “if Greenberg said he saw oviposition at night, he believed
it,” and that Lord further testified that no other scientist had been able to
duplicate such observations and that another prominent entomologist had
found to the contrary. On the basis of those findings, the trial court concluded
that the petitioner had failed to offer any new entomological evidence. Rather,
in the court’s view, insofar as the evidence indicated that the opinions of
Lord, Greenberg, and Kriniski had not changed, the evidence was essentially
the same as, and cumulative to, the evidence offered at the criminal trial.

In addition, the appeals court noted that the trial court had ruled that
Lord’s opinion given in 1986 was not, as claimed, crucial in establishing the
time of death. After carefully reviewing the record regarding this issue, the
appellate tribunal found nothing in the record to suggest that the trial court’s
findings and conclusions were incorrect and concluded that the trial court
did not abuse its discretion in denying certification to appeal with respect to
this issue.60

In State v. Thibodeaux,61 defendant was convicted of first-degree murder.
On Friday, July 19, 1996, the victim, 14-year-old Crystal Champagne, left her
home at the Tanglewood apartments in Westwego at about 5:15 p.m. to walk
a short distance to a nearby supermarket. Defendant was related to the
Champagnes through his mother’s previous marriage to Dawn’s brother.
Crystal was Defendant’s step-cousin. After a search, Crystal’s corpse was
found on a concrete slab. She was naked, with her shirt and bra pulled up
to her shoulders, revealing a red wire ligature wrapped around her neck. Her
shorts and panties were pulled down around her ankles. Crystal’s mother
recalled that she had washed the clothes Crystal had on the previous morning
before she took her home. Maggots and ants had invaded her body. Crystal’s
mother went and called the police, who arrived on the scene at 7:47 p.m.

Dr. Fraser MacKenzie of the Jefferson Parish coroner’s office performed
the autopsy on Crystal. He attributed the cause of death to asphyxiation by
ligature strangulation.

Dr. Lamar Leek, professor of Entomology at Louisiana State University,
testified as an expert in the field of forensic entomology. He examined the
insect samples taken from Crystal’s body and testified that flies will lay eggs
on a carcass within a couple of hours, but will not lay eggs after dark. There-
fore, he determined that the eggs were laid before nightfall on July 19, 1996,
and calculated the age of the fly larvae (maggots) to be between 24–28 hours
old at discovery.62

In Commonwealth v. Auker,63 the court focused on the possible prejudice
to defendants by the exhibition of maggots and other insects on the body of
the deceased in conjunction with the testimony of forensic entomologists. In
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Auker, defendant was convicted of first-degree murder and kidnapping, and
received a death sentence. Robert Donald Auker was convicted for the murder
and kidnapping of his former wife, Lori Ann Auker. The body was discovered
on a hot day, June 12, 1989, by a young woman who was walking down a
dirt road near the home of her grandparents. She smelled an odor, investi-
gated, and saw a badly decomposed body clad in a jacket, jeans, and sneakers.
She rushed back home and her family contacted the police. The pathologist,
Dr. Mihalakis, testified that the cause of death was homicide, most likely as the
result of between seven and ten knife stab wounds in the back and chest area.

Dr. Mihalakis further confirmed the approximate date of death through
the use of an entomological expert, Dr. K.C. Kim, whose specialty was the
classification and identification of insects and parasites of humans and ani-
mals. The court summarized Dr. Kim’s testimony:

Dr. Mihalakis collected samples of the various insects present on
and within the corpse for analysis and Dr. Kim examined the
insects. Dr. Kim testified that the presence and relative maturity
of insects allowed him to estimate the approximate time of death
He testified that different decomposition stages attract different
types of insects. He also explained that ambient air temperature
and physical site (open field, shaded locale, or aquatic area) also
affect the rate of maturity of insects. In determining the approx-
imate decomposition period, Dr. Kim utilized a climate report
from the national weather service, description of the autopsy, and
description of the scene where the corpse was discovered.64

Dr. Kim identified samples of the insects found on the victim. He was
also shown autopsy photographs depicting a mass of insects on the body and
in the body bag. Dr. Kim concluded that accounting for the average mean
temperature during the time the corpse had been missing, the maturity of
the various insects present and the stages of decomposition at which certain
insects would be present, the body had been decaying 19–25 days.65

The corpse was identified as Lori Auker through dental records. Lori had
been missing since May 24, 1989, and was last seen wearing clothing like that
found on the corpse. Nineteen days had elapsed from the date of her disap-
pearance until the discovery of her body on June 12, 1989. Defendant was
connected to the crime by the May 24 film from an automated teller machine
video camera and through strands of human and cat hair.66

Defendant alleged error in the exhibition to the jury of inflammatory
photographs of the victim covered with insects. Both color and black-and-
white photographs taken at the scene of discovery and at the autopsy were
presented at trial. Seven black-and-white photographs of the body at the
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scene were presented to show the jury the unnatural position of the body in
a secluded wooded area on a steep ravine and in a decomposing state. The
autopsy photographs included color and black-and-white photographs. Thir-
teen color photographs of the stained, knifed clothing and one small color
photograph of the insects in the body bag without the body were presented.
Two black-and-white photographs of the insects on the body were also pre-
sented. The first black-and-white photograph was of a totally jeans-clad lower
body from below the knees down to the sneakers. The other was of the body
from the position of the sneakers so that the decomposition of the upper
body was not clearly visible.67 

The court found no error in the presentation of such photographs
because they were necessary to support Dr. Kim’s opinion on the implications
of the presence and condition of the insects:

The photographs of the body with insects were all black and white.
They were presented to assist the jury in understanding Dr. Kim’s
scientific testimony about the presence of various insects and the
use of entomology in determining the relative date of death of the
victim.68 As Dr. Kim testified, the approximate date of death could
be determined by the presence of certain types of insects on the
skeletal remains at that specific site and climate. Thus, the pictures
helped the jury to understand and evaluate that testimony.

In addition to the necessity of the photographs to bolster Dr. Kim’s
opinion, the court noted that the trial court, prior to the presentation of the
black-and-white photographic evidence, warned the jury of the nature of the
photographs and limited the period of time for viewing them.

In State v. Hart,69 defendant was convicted of aggravated murder and
aggravated burglary, for purposely tying and leaving to starve to death a
90-year-old victim while committing or attempting to commit the offense
of aggravated burglary. The case was reversed due to prosecutorial miscon-
duct, in part, by displaying and focusing on disturbing evidence of the ravages
of insect damage inflicted on Steffin’s body over an extended period. Such
evidence had been admitted only for limited purposes, and was inappropri-
ately distorted as to its significance and reinforced by the use of photographs
of the victim’s corpse throughout the closing argument. While the time of
death was an important fact in issue and was a proper subject of argument,
the court ruled that the prosecutor’s ploy, coming as it did immediately after
urging the jury to contemplate a particularly horrid, lingering death, focused
the jurors not on what the photographs proved, but on the feelings and
emotions they evoked. The court ruled that while a prosecutor may use
gruesome photos to illustrate essential elements of the crime to be proven,
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he may not use them to appeal to the jurors’ emotions. The prosecutor’s use
of the photos, in this instance, the court concluded, further encouraged the
jury to react emotionally and convict on matters not before the court.

Defendant argued that the trial court erred in admitting seven photo-
graphs into evidence. He claimed that the graphic photographic depictions
of the decomposed and fly-ravaged body of Steffin were so gruesome, inflam-
matory, and repetitive as to influence the jury unfairly. The court ruled that
the trial court properly admitted a number of photographs of the victim’s
body. The court also excluded at least six photographs of the corpse. Only
four of the photographs assigned as error were admitted over objection. The
photographs that were admitted were relevant, not cumulative, and were used
to illustrate the coroner’s testimony and the testimony of expert witness Stein.

X. Conclusion

The area of entomology is closely linked to the broader topic of forensic
taphonomy, a related discipline that addresses the history of a body after
death, including insect infestation. The leading text is Haglund, W.D. and
Sorg, M.H., eds. Forensic Taphonomy: The Post-Mortem Fate of Human
Remains (CRC Press, 1997). Also see, Haglund, W.D. and Sorg, M.H., eds.
Advances in Forensic Taphonomy: Method, Theory, and Archaeological Perspec-
tives (CRC Press, 2004).
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12Epilogue

And indeed, most of the Law Books extant, if not all, (setting aside
the Reports) are nothing else but Collections out of others. This
I speak, not in Derogation of them, in the least; for as tis equally,
if not more laborious, for tis full as glorious, judicially to cull
Authentick Cases out of the Volumes of the Law (where so many
are no Law) and rightfully place them in a particular Treatise, as
tis to report the Judgements and resolutions from the Mouth of
the Court… Than which Benefit I know not whether any Man
can ever imagine another, either to Lawyers more grateful, or to
the Commonwealth more profitable, or for the Illustration of
Divine Honor more fit. For with the least Labour, a small Price,
and little Time, they present you with those Resolutions and
Judgements which lie scattered in the Voluminous Books of the
Law; which would otherwise cost much Time, Pains, and Charges
to find out.

Giles Duncombe: Trials Per Pais, or the Law of
England Concerning Juries by Nisi Prius (1725)

This book has attempted to set out the general framework of the ongoing
use of forensic evidence in the criminal justice system. Forensic evidence,
simply stated, is a body of factual material generated by a large body of
forensic sciences to serve as evidence in criminal prosecutions. Due to the
scientific bases of the processes used to generate any such testimony by
forensic experts, each of the forensic sciences must continue to justify the
basis for any class or individual-characteristic linkage testimony proffered in
a case. As evidenced by the recent rejection of earprint evidence and the ready
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acceptance of lip-print testimony, discussed in Chapter 8, the challenge to
the claims of the forensic sciences continues unabated.

The areas of forensic science addressed here at length — hair, fiber,
ballistics, and tool marks, soil, glass and paint, footwear and tire impressions,
fingerprints, blood spatter, DNA, and forensic anthropology and entomol-
ogy — are the staple fare of appellate tribunals in state and federal courts.

For that reason, and because of the concomitant importance of them in
the daily work of the players in the criminal justice system, they have been
chosen for extended coverage.

The goal of this present volume has been to provide a comprehensive,
but not unwieldy, single volume, setting out the general lines of the judicial
perspective on the use of forensic science in American courts. The number
of appellate decisions, not to mention statutory measures addressing the
forensic sciences analyzed here, will yield an equal or increased volume of
new decisions that will need to be found, analyzed, and classified.

The cases discussed have primarily served to acquaint the reader with
the ongoing practice of forensic science and forensic evidence in American
courts. The number of cases actually denying the scientific reliability or
general acceptance are few and far between. Working lawyers and students
will benefit by the numerous examples of the forensic evidence processes.

The author recognizes that an equal amount of attention could be given
to vast areas of highly specialized areas of forensic science, such as forensic
pathology, forensic toxicology, or forensic odontology. Also left out are
lengthy studies of the development of laser technology, image-digitalization
processes, voice-analysis technology, handwriting and computer-generated
document analysis, and many subjects that will be the main concern of the
future. Entire areas of what are often referred to as the soft sciences have also
been omitted.

Many of these essential disciplines, such as forensic psychiatry, forensic
psychology, serial-killer profiling techniques, witness-credibility assessment
expertise, coerced confessions expertise, and a number of other mind-science
disciplines, merit focus. Those chosen here are hard-science-based, if
grounded nonetheless in probability assessments in the end. Future editions
of this book will address more of these essential subjects.

Using the information provided in the individual chapters of this book,
hopefully, the reader will be equipped to begin efficient, practical work in
the fascinating world of forensic science and forensic evidence.
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