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Preface

As we approached the revision of this text for the third edition, we realized that the
prevailing paradigms of clinical research in rehabilitation and medicine had continued
to evolve over the past 10 years, and that we had to address several important changes
in the research landscape. Probably the most notable of these changes is the emphasis
on evidence-based practice (EBP) that has become central to all of health care. The
World Health Organization’s adoption of the International Classification of Functioning
and Disability (ICF) has created a new vocabulary that is being integrated into research
and practice across disciplines. Questions related to diagnostic accuracy and clinical
decision making are prominent in research literature, and phrases like “responsive-
ness,” “minimally important change” and “number needed to treat” are becoming
essential to EBP. Attitudes about clinical research have emphasized the responsibility
of every clinician to better understand how to apply evidence to patient care, and the
gaps in our research knowledge have become more evident as we often search for
answers that are not there.

This book has served a variety of audiences in research, professional education and
clinical practice. It continues to be directed toward those in physical therapy, occupa-
tional therapy, speech therapy, nursing, medicine, exercise physiology, and public
health, as well as other disciplines concerned with questions of health and health care.
The book will remain a text for courses in research and critical inquiry, as well as a com-
prehensive reference for clinicians and researchers who are committed to evidence-
based practice.

We have included varied levels of detail in design and statistics to meet the diverse
needs of those who use this text. Instructors are urged to consider which portions of the
text are relevant for their students, and not to expect to use it all in their courses. Stu-
dents will find it user-friendly as they learn concepts and principles of research, and
will keep it is a reference as they grow in their professional role. Those who are engaged
in research activities or advanced education will be able to utilize the more detailed
portions as they explore research questions. And clinicians will be able to apply these
principles to their clinical decision making.

The application of evidence-based practice to health care requires an understand-
ing of design and analytic methods. Our text is not going to provide the answers to clin-
ical questions for practice—that must be left to journal articles and clinical textbooks,
and to those who mentor students and clinicians, who will ask the right questions. Our
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contribution is to provide the foundations that are necessary for finding and interpret-
ing research evidence. Clinicians must provide the experience and knowledge to apply
the research to their practice.

Although the general organization of the book has not changed, several additions
have been incorporated into this edition to provide a contemporary framework for clin-
ical research. Part I covers the basic concepts of research, including a discussion of the-
ory and ethical principles. In this section we introduce important contexts for research
related to models of health and evidence-based practice. Part II focuses on measure-
ment, including a comprehensive examination of reliability and validity. Part III pre-
sents the broad” scope of experimental, exploratory and descriptive research
approaches, including a new chapter on systematic reviews and meta-analysis.

Part IV of the text is devoted to the application of statistical procedures, from
descriptive to multivariate approaches. This section now contains expanded content
related to clinical decision making, including likelihood ratios, pretest and posttest prob-
abilities, minimally important change and number needed to treat. We continue to focus
on the conceptual foundations of statistics, although calculations are provided for those
who desire that level of detail. We use the format for SPSS in presenting output, but with
explanations that we trust will allow integration with other statistical packages.

Part V focuses on processes of research and communication, including an expanded
chapter on searching the literature, development of proposals, presentation of research,
and critical appraisal of published literature. Appendices provide tables of reference for
statistical procedures, a newly designed algorithm for choosing statistical approaches
for analysis, examples of power analysis for various designs, methods of transforming
data, and a sample informed consent form.

Prentice Hall has provided a wonderful opportunity to share information related
to all sections of the book on their companion website, which can be accessed at
www.prenhall.com/portney. We hope you will find this a helpful addition to the text,
especially for those who use it for teaching purposes.

As the health care environment evolves, we will always anticipate new directions
and priorities for clinical research. Therefore, this work will always be in progress. We
are proud to be part of the larger health care research and clinical communities that are
clearly dedicated to the pursuit of new knowledge and the application of evidence to
improve patient care. We look forward to the continued journey with all of you.
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CHAPTER 1
A Concept
of Clinical Research

The ultimate purpose of a profession is to develop a knowledge base that will maximize
the effectiveness of practice. To that end, health professionals have recognized the
necessity for documenting and testing elements of clinical practice through rigorous
and objective analysis and scientific inquiry. The concept of evidence-based practice
represents the fundamental principle that the provision of quality care will depend on
our ability to make choices that have been confirmed by sound scientific data, and that
our decisions are based on the best evidence currently available. If we look at the foun-
dations of clinical practice, however, we are faced with the reality that often compels
practitioners to make intelligent, logical, best-guess decisions when scientific evidence
is either incomplete or unavailable.

This situation is even more of an issue because of the economic challenges that con-
tinue to confront health care. Clinical research has, therefore, become an imperative,
driving clinical judgments, the organization of practice, and reimbursement. The task of
addressing the needs of the present and future is one that falls on the shoulders of all
clinicians—whether we function as consumers of professional literature or scientific
investigators—to collect meaningful data, to analyze outcomes, and to critically apply
research findings to promote optimal clinical care. Through collaborative and interdis-
ciplinary efforts, researchers and clinicians share a responsibility to explore the broad-
est implications of their work, to contribute to balanced scientific thought. The purpose
of this text is to provide a frame of reference that will bring together the comprehensive
skills needed to promote critical inquiry as part of the clinical decision making process.

In this chapter we develop a concept of research that can be applied to clinical prac-
tice, as a method of generating new knowledge and providing evidence to justify treat-
ment choices. We will explore an historic perspective of clinical research, the framework
of evidence-based practice, the different types of research that can be applied to clinical
questions, and the process of clinical research.

DEFINING CLINICAL RESEARCH

The concept of research in health professions has evolved along with the development
of techniques of practice and changes in the health care system. Traditionally, research
has connoted controlled laboratory experiments, run by scientists in white lab coats
using complex instrumentation; however, the maturation of a clinical profession brings
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with it the realization that research has a broader meaning as it is applied to the patients
and situations encountered in practice. Clinical research is a structured process of
investigating facts and theories and exploring connections. It proceeds in a systematic
way to examine clinical conditions and outcomes, to establish relationships among clin-
ical phenomena, to generate evidence for decision making and to provide the impetus
for improving methods of practice.

Clinical research must be empirical and critical; that is, results must be observable,
documented and examined for their validity.! This objective process is, however, also a
dynamic and creative activity, performed in many different settings, using a variety of
quantitative and qualitative measurement tools and focusing on the application of clin-
ical theory and interventions. It is a way of satisfying one’s curiosity about clinical phe-
nomena, stimulating the intellectual pursuit of truth to understand or explain clinical
events, and generating new or different ways of viewing clinical problems.

The context of clinical research is often seen within a prevailing paradigm.
Scientific paradigms have been described as ways of looking at the world that define
both the problems that can be addressed and the range of legitimate evidence that con-
tributes to solutions. We can appreciate changes in research standards and priorities in
terms of three paradigm shifts that have emerged in rehabilitation and medicine through
the latter half of the 20th century: the focus on outcomes research to document effective-
ness, the application of models of health and disability and most recently an attention
to evidence-based practice.

MEASUREMENT OF OUTCOMES

The concept of looking at outcomes as the validation of quality care is not a new one.
Historically, the triad of structure, process and outcomes has been used as the barometer
of healthcare quality.®> Structure was assessed through organizational standards, and
process through quality assurance programs examining details such as charges and
record keeping. Outcomes of care were typically assessed in terms of morbidity, mor-
tality, length of stay and readmissions.

In rehabilitation, outcomes were often related to improvements in impairments or
pathologies, with the assumption that such changes would be linked to the ultimate
outcomes of interest. Today, the concept of outcomes has been expanded to fit with the
World Health Organization’s definition of health, which includes physical, social and
psychological well-being.* Looking at the effects of intervention now includes con-
sideration of patient satisfaction, patient preferences, self-assessment of functional ca-
pacity and quality of life. Clinicians and especially patients have always considered
functional outcome as the ultimate measure of the success of intervention. At this time,
however, consumers and reimbursement policies have obligated health care practition-
ers to define and document outcomes, and to substantiate the efficiency and effective-
ness of treatment.

To be meaningful the outcomes agenda must influence public policy, routine moni-
toring of medical care and standardized assessment of patient outcomes.> Clinical prac-
tice databases must be developed to include functional outcome measures and other
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relevant information to contribute to the evaluation of outcomes.® Clinical managers
now use these data to support practice and organizational structure. The objective of
outcomes management has generated a renewed understanding of the link between
clinical management decisions, treatment decisions and measured documentation of
effectiveness.”" Outcomes management has emerged as an interdisciplinary process
aimed at determining best practices and identifying opportunities for improvement of
clinical quality through intermediate and long-term outcome analysis.'

Outcomes research refers to the study of success of interventions in clinical prac-
tice, with a focus on the end results of patient care in terms of disability and survival.®
Such studies often use large administrative databases that include information about
insurance coverage and utilization of services in addition to functional outcomes.
Patients are frequently followed over time after discharge.

Outcome Measures

Outcomes can be documented in many ways. Economic indicators are traditional out-
comes, interpreted within the context of cost effectiveness or cost-benefit ratio; that is,
what is the relative cost in terms of success of outcomes? For example, Harp'* demon-
strated how revenue, patient outcomes, staff productivity, costs and patient satisfac-
tion could reflect the success of a rehabilitation program for patients with back and
neck problems. Fakhry and associates'® looked at the effectiveness of using evidence-
based guidelines for treating patients with traumatic brain injury (TBI), a condition
they described as costing billions of dollars annually. They used a protocol based on
Brain Trauma Foundation guidelines, and demonstrated that adherence to this proto-
col resulted in a reduction of mortality, length of stay and disability as well as finan-
cial resources.

The development of questionnaires to measure outcomes in terms of function and
health status has become a major thrust of health research and has provided a mecha-
nism for understanding how functional outcomes relate to specific elements of health
care. Generic instruments that assess quality of life, and more specifically health-related
quality of life (HRQOL), have provided an overarching perspective for understanding
the outcomes of health care in terms of physical, psychological and social function.

Many health status scales have been developed to assess these constructs. Two of
the more widely used instruments, the Medical Outcomes Study Short-Form 36 (SF-36)
and the Sickness Impact Profile (SIP), have been validated in many languages'® and
for many different patient populations.”>* These scales have also been tested in abbre-
viated forms that demonstrate an efficiency of validity. These instruments allow for cal-
culation of a summary score or subscale scores that are theoretically related to different
dimensions of function and health status. For example, the SF-36 provides eight sub-
scale scores that reflect physical function, physical role limitations, mental function,
social function, vitality, general health, bodily pain, and emotional role limitations.*

Those who study HRQOL have debated the usefulness of generic measures over
disease-specific (or condition or region-specific) instruments that include items focused
on issues relevant to a particular disorder. For example, the Western Ontario and
McMaster Osteoarthritis Index (WOMAC) is specific to arthritis.*® The Minnesota
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Living with Heart Failure Questionnaire targets individuals with heart disease.”” Stud-
ies that compare generic and specific tools generally lead to the conclusion that specific
tools are more powerful for understanding impairments and function, but both are
needed to get a full picture of the individual’s quality of life ¥+

Issues of validity for outcome measures remain paramount, as researchers and cli-
nicians must understand the conditions and situations for which these tests are appro-
priate. The interpretation of outcomes based on these tests must also be made with
consideration of the constructs that are being measured. Clinical decisions based on
such outcomes must account for the context of the scale used and its measurement
properties. Chapter 6 will focus on these issues in greater detail.

MODELS OF HEALTH AND DISABILITY

A second concept in understanding the evolution of medical research is related to the
overriding framework for the delivery of health care. This was historically based on the
biomedical model, which focuses on a linear relationship between pathology and
resulting impairments. Within this model, health is viewed as the absence of disease
and the assumption is made that disease and injury can be treated and cured. The bio-
medical model confines attention to physical aspects of health, without consideration
of how the patient is affected by illness.*! The primary outcomes of interest under this
model are the traditional endpoints of cure, disease or death.*>*3 However, as health
care advances and people live longer, practitioners appreciate the inadequacies of the
biomedical model for dealing with the common problems of aging, chronic disease and
disability, which do not fall within the rubric of “treat and cure,” and the consequent
need to look differently at the assessment of “successful” interventions.

An expansion of this model has been applied to a broader perspective in rehabili-
tation. The disablement model (see Figure 1.1A) has provided a framework for assess-
ing the effect of acute and chronic conditions by emphasizing functional consequences
and social role. This model demonstrates the relationships among pathology, impair-
ments, functional limitations and disability.***> Although variants of this model have
been proposed with different terminology, they have all included the basic elements of
pathology, organ system dysfunction, restrictions in activities of daily living (ADL) and
limitations of role performance as a member of society.* Accordingly, this model
provides a conceptual basis for looking at outcomes within the broader context of

health, including psychological and social domains, general health status and quality of
1ife.42'47‘49

The International Classification of Functioning,
Disability and Health

In 2001 the World Health Organization (WHO) published a revised model of the
International Classification of Functioning, Disability and Health (ICF) (see
Figure 1.1B).® The ICF is the result of an international and multidisciplinary effort to
provide a common language for the classification and consequences of health condi-
tions. Rather than focusing on disability, the intent of the ICF is to describe how people
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FIGURE 1.1  A. The model of disablement, as described by Nagi,* showing the relationship among
pathology, impairments, functional limitations and disability. B. The World Health Organization Interna-
tional Classification of Functioning, Disability and Health (ICF).*® Each component of the ICF can be
expressed in positive or negative terms, as shown. Capacity and performance are two elements of the
Activity and Participation domains.

live with their health condition. It is a comprehensive representation of health and
health-related domains based on the relationships among health conditions, body func-
tions and structures, activities and participation. The domains are classified from body,
individual and societal perspectives. Since an individual’s functioning and disability
occur in a context, the ICF also includes specific reference to environmental and per-
sonal factors that can affect function.”*

The ICF holds a parallel to the disablement model. Health conditions correspond to
pathology; body functions/structures correspond to impairments; activity corresponds
to functional limitation; and participation corresponds to disability. The ICF may be
more useful, however, to understand and measure health outcomes, looking beyond
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mortality and disease. It shifts the focus to “life,” and describes how people live with
their health condition. This context makes the model useful for health promotion as
well as illness and disability. The ICF has been evaluated in a variety of patient popu-
lations, cultures, age groups and diagnoses.”*®

Each of the components of the ICF can be described in positive or negative terms, as
shown in Figure 1.1B.** For example, body systems or anatomical structures will be intact
or impaired. Individuals will be able to perform specific activities or they will demon-
strate difficulties in executing specific tasks, described as activity limitations. They will
either be able to participate in life roles or they may experience participation restrictions.
Environmental and personal factors will either facilitate function or create barriers.

The activity and participation domains can be further conceptualized in terms of an
individual’s capacity to act versus actual performance; that is, what one is able to do ver-
sus what one actually does. These elements are defined with reference to the environ-
ment in which assessment is taking place. Performance relates to the “current” or actual
environment in which the individual participates. Capacity relates to a “standardized”
optimum environment, which may be real or assumed. According to the ICF, the gap
between capacity and performance reflects the impact of the environment on an indi-
vidual’s ability to perform.”® Therefore, an individual with rheumatoid arthritis may
have joint deformities (impairments), have difficulty walking (activity limitation) and
be unable to perform work activities because of inappropriate height of furniture (par-
ticipation restriction and environmental barrier). The individual may have the capacity
to do the work, but cannot perform the activities in the current environment. However,
if the office environment is modified, this individual may be able to perform activities
without pain, and therefore, her performance and participation level will improve.

Both the ICF and the disablement model provide a framework for identifying
which outcome measures are relevant for specific clients or patients. Health status and
functional questionnaires present one avenue for examining outcomes. We must also
continue to look at changes in impairments and basic functional activities, such as gait
or the performance of a particular functional or occupational task, to provide a com-
plete picture of improvement. Data on psychological and social aspects of health must
also be collected, including the impact of the environment. As we become more
involved in the documentation of outcomes it is imperative that we understand the
measurement properties of the tools we use so they can be applied and interpreted
properly (see Chapters 4-6).

EVIDENCE-BASED PRACTICE

Stressing the importance of objective documentation in clinical research does not mean
that practice can be reduced to a finite science. There is no pure “scientific method” that
can account for the influence of experience, intuition and creativity in clinical judgment.
Making clinical decisions in the face of uncertainty and variability is part of the “art” of
clinical practice. We cannot, however, dissociate the art from the science that supports
it. The framework of evidence-based practice (EBP) helps to put this in perspective.

Sackett and colleagues® have provided a popular definition of evidence-based
practice as the “conscientious, explicit and judicious use of current best evidence in
making decisions about the care of individual patients.” EBP is also described as the
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“integration of best research evidence with our clinical expertise and our patient’s
unique values and circumstances.”®' Embedded in this definition is an important con-
cept, that evidence is applied in a process of clinical decision making within the context
of a patient or clinical scenario. It emphasizes that research literature provides one, but
not the only, source of information for decision making. Perhaps more aptly called
evidence-based decision making, this process requires considering all relevant information
and then making choices that provide the best opportunity for a successful outcome
given the patient-care environment and available resources.

The process of EBP starts by asking a relevant clinical question. The question pro-
vides a direction for decision making related to a patient’s diagnosis, prognosis or inter-
vention. Questions may also relate to etiology of the patient’s problem, the validity of
clinical guidelines, safety or cost-effectiveness of care. It should not be surprising that
the ability to formulate a good question is essential to finding a relevant answer! It is
not a general question, but one that focuses specifically on the characteristics of the
patient and issues related to his or her management. The acronym PICO has been used
to represent the components of a good clinical question: Patients, Intervention,
Comparison, Outcome (see Box 1.1).

The question leads to a search for the best evidence that can contribute to a decision
about the patient’s care. The terms defined within the PICO format can be used as key-
words in a search for literature. The concept of “best evidence” is important, as it refers
to the availability of valid and relevant research information. Clinicians must be able to
search and access literature (see Chapter 31), critically appraise studies to determine if
they meet validity standards, and then determine if and how research resultsapply to a
given clinical situation. A working knowledge of research design and statistics is impor-
tant for clinicians to use this information wisely. For instance, in describing the Hypothesis-
Oriented Algorithm for Clinicians II (HOAC II), Rothstein et al.’? have made the
assessment of evidence a clearly identifiable part of the decision making process.

This assessment, however, must be made by a clinician who then integrates his or
her own clinical judgment and experience with the patient’s needs and unique charac-
teristics to make a decision about the patient’s care (see Figure 1.2). This decision will
also take into account the current circumstances of care, including available equip-
ment, space, time, the patient’s comorbidities and the clinical setting. Even Sackett
acknowledges that

.. . without clinical experience, practice risks being tyrannized by evidence, for even
excellent external advice may be inapplicable to or inappropriate for an individual
patient.®® ¥

There are many useful journal articles,* books®! and websites®*® that describe the con-
cepts related to EBP, including interpretation of statistical outcomes. We will include

*See the series of articles published by the Evidence-Based Medicine Working Group in the journal of the Ameri-
can Medical Association from 1992 to 2001. These papers can also be found at <http: //www.cche.net/usersguides/
life.asp> Accessed January 15, 2006. See also articles in Evidence-Based Medicine Reviews, including the Cochrane
Database of Systematic Reviews, the ACP Journal Club and the Database of Abstracts of Reviews and Effects
(DARE).
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BOX 1.1 Background and Foreground Questions
for Evidence-Based Practice

Developing a good clinical question is the essential first step in evidence-
based practice. It is important to draw a distinction between this type of
question and questions that are used to guide research endeavors. The pur-
pose of a research question is to identify and define variables that will be
studied using specific design strategies, typically addressing issues of con-
cern for populations with certain disorders. For evidence-based practice,
however, we develop a clinical question that focuses on the management of
a particular patient. That question will guide the search for research to sup-
port clinical decision making.

Consider the following case: Mrs. Jones is a 75-year old woman who suf-
fered a right CVA 2 months ago. She is being seen by physical, occupational,
and speech therapists in an inpatient rehabilitation setting. She is able to
walk short distances with a cane with moderate assistance, and exhibits poor
balance. One of your colleagues suggests that you consider training the
patient on a treadmill with partial body-weight support, but you have not
tried this approach before.

How one asks a question to guide practice will depend on what one needs
to know. As obvious as that seems, it is useful to consider what Straus et al®
have termed background and foreground questions. A background question
refers to general knowledge about a disorder or intervention, often relating to
etiology, pathophysiology, or prognosis. For example, in the case of Mrs. Jones
we might be interested in learning more about the causes of balance disorders
in stroke, or the prognosis of balance and gait in stroke survivors.

A foreground question relates to specific information that will guide
management of the patient, typically addressing diagnosis or intervention.
Such questions will have four components.

Theacronym PICOhelps us focus on theappropriate pieces of information.

P What is the target population? What are the characteristics of the
patient or problem that should be considered?

I What is the intervention that is being considered? This component
may also be a prognostic factor or diagnostic test.

C  What comparison or control condition is being considered? This
component is most appropriate when comparing the effectiveness of
two interventions or when comparing the accuracy of two or more
diagnostic tests. It will not be relevant for a question of prognosis or
when examining only one intervention or diagnostic test.

O  What are the outcomes of interest? What measurements will be rele-
vant to understanding the effectiveness of an intervention, the impor-
tance of a prognostic factor, or the accuracy of a diagnostic test?
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We may ask Mrs. Jones the following foreground question:

In an elderly patient two-months post stroke (P), is partial body weight-
supported treadmill training (I) more effective than traditional gait
training with full weight-bearing (C) for improving walking speed,
endurance and balance (0)?

Clinical
Question

Patient Management

FIGURE 1.2 The components of evidence-based practice as a framework for clinical decision making.

many of these concepts throughout this text as we discuss research designs, statistical
analyses and the use of published material for clinical decision making. The success of
evidence-based practice will continue to be assessed as we examine outcomes based on
use of published guidelines and treatment effects.

SOURCES OF KNOWLEDGE

The information that is used to make clinical decisions and to support clinical research
can be acquired in many different ways. As one participates in the pursuit of knowl-
edge, it is interesting to reflect on the sources of information that guide our thinking
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and decision making. How do we decide which test to perform, which intervention will
be most successful, which patients have the best chance of responding positively to a
given treatment? Oftentimes clinical problems can be solved on the basis of scientific
evidence, but in many situations such evidence does not exist or is not directly applica-
ble. It is important, then, to consider how we come to “know” things, and how we can
appropriately integrate what we know with available evidence as we are faced with
clinical problems (see Figure 1.3).

Tradition

As members of an organized culture, we accept certain truths as givens. Something is
thought to be true simply because people have always known it to be true. Within
such a belief system, we inherit knowledge and accept precedent, without need for
external validation. Rehabilitation science is steeped in tradition as a guide to practice
and as a foundation for treatment. We have all been faced with clinical, administrative
or educational practices that are continued just because “that is the way they have
always been done.”

Tradition is useful in that it offers a common foundation for communication and
interaction within a society or profession. Therefore, each generation is not respon-
sible for reformulating an understanding of the world through the development of
new concepts. Nevertheless, tradition as a source of knowledge poses a serious prob-
lem in clinical science because many traditions have not been evaluated for their
validity, nor have they been tested against potentially better alternatives. Sole
reliance on precedent as a reason for making clinical choices generally stifles the
search for new information, and may perpetuate an idea even when contrary evi-
dence is available.

Scientific Method y

FIGURE 1.3 Ways of knowing.
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Authority

We frequently find ourselves turning to specialized sources of autherity for answers to
questions. If we have a problem with finances, we seek the services of an accountant. If
we need legal advice for purchasing a home, we hire a real estate lawyer. In the med-
ical profession we regularly pursue the expertise of specialists for specific medical prob-
lems. Given the rapid accumulation of knowledge and technical advances and the need
to make decisions in situations where we are not expert, it is most reasonable and nat-
ural to place our trust in those who are authoritative on an issue by virtue of special-
ized training or experience.

Authorities often become known as expert sources of information based on their suc-
cess, experience or reputation. When an authority states that something is true, we accept
it. As new techniques are developed, we often jump to use them without demanding evi-
dence of their scientific merit, ignoring potential limitations, even when the underly-
ing theoretical rationale is unclear.**”° Too often we find ourselves committed to one
approach over others, perhaps based on what we were taught, because the technique is
empirically useful. This is a necessary approach in situations where scientific evidence is
unavailable; however, we jeopardize our professional responsibility if these techniques
are not critically analyzed and if their effects are not scientifically documented.

The danger of uncritical reliance on authoritative canon is well illustrated by the
unyielding belief in the medical tenets of Galen (A.D. 138-201), whose teachings were
accepted without challenge in the Western world for 16 centuries. When physicians in
the 16th and 17th centuries began dissecting human organs, they were not always able
to validate Galen’s statements. His defenders, in strict loyalty and unwilling to doubt
the authority, wrote that if the new findings did not agree with Galen’s teachings, the
discrepancy should be attributed to the fact that nature had changed!”

Tral and Error

The trial and error method of data gathering was probably the earliest approach to
solving a problem. The individual faced with a problem attempts one solution and eval-
uates its effects. If the effects are reasonably satisfactory, the solution is generally
adopted. If not, another solution is tried. We use this method when we have no other
basis for making a decision. We have all used trial and error at one time or another in
our personal lives and in professional practice. Trial and error incorporates the use of
intuition and creativity in selecting alternatives when one approach does not work.

The major disadvantage of trial and error is its haphazard and unsystematic nature
and the fact that knowledge obtained in this way is usually not shared, making it inac-
cessible to others facing similar problems. In situations where a good response is not
obtained, a continuous stream of different solutions may be tried, with no basis for sort-
ing out why they are not working,

Trial and error is by nature extremely time consuming and limiting in scope, for
although several possible solutions may be proposed for a single problem, the process
generally ends once a “satisfactory” response is obtained. Experience is often based on
these solutions, and when similar situations arise, a better solution, as yet untried, may
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never be tested. Therefore, a clinician using this method should never conclude that the
“best” solution has been found.

Logical Reasoning

Many clinical problems are solved through the use of logical thought processes. Logi-
cal reasoning as a method of knowing combines personal experience, intellectual facul-
ties, and formal systems of thought. It is a systematic process that has been used
throughout history as a way of answering questions and acquiring new knowledge.
Two distinctive types of reasoning are used as a means of understanding and organiz-
ing phenomena: deductive and inductive reasoning (see Figure 1.4).

Deductive Reasoning

Deductive reasoning is characterized by the acceptance of a general proposition, or
premise, and the subsequent inferences that can be drawn in specific cases. The
ancient Greek philosophers introduced this systematic method for drawing conclu-
sions by using a series of three interrelated statements, called a syllogism, containing
(1) a major premise, (2) a minor premise and (3) a conclusion. A classic syllogism will
serve as an example:

1. Allliving things must die. [major premise]
2. Manis a living thing. [minor premise]
3. Therefore, all men must die. [conclusion]

In deductive reasoning, if the premises are true, then it follows that the conclusion
must be true, Scientists use deductive logic by beginning with known scientific prin-
ciples or generalizations, and deducing specific assertions that are relevant to a spe-
cific question. The observed facts will cause the scientist to confirm, to reject or to
modify the conclusion. The greater the accuracy of the premise, the greater the accu-
racy of the conclusion.

General Observation

Specific
Observation

Specific
Conclusion

FIGURE 1.4  The relationship between deductive and inductive reasoning.
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For example, we might reason that exercise will be an effective intervention to pre-
vent falls in the elderly in the following way:

1. Impaired postural stability results in falls.
2. Exercise improves postural stability.
3. Therefore, exercise will decrease the risk of falls.

This system of deductive reasoning produces a testable hypothesis: If we develop an
exercise program for individuals who have impaired stability, we should see a decrease
in the number of falls. This has been the basis for a number of studies. For example,
Wolf and colleagues™ used this logic as the theoretical premise for their study compar-
ing balance training and tai chi exercise to improve postural stability in a sample of
older, inactive adults. Carter and coworkers”™ designed an exercise program aimed at
modifying risk factors for falls in elderly women with osteoporosis. Similarly, Barnett
et al” studied the effect of participation in a weekly group exercise program over one
year on the rate of falling in community dwelling older people. All three studies found
that the exercise groups either had a lower incidence of falls or delayed onset of falls,
supporting the premise from which the treatment was deduced.

Of course, deductive reasoning does have limitations. Its usefulness is totally
dependent on the truth of its premises. In many situations, the theoretical assumptions
on which a study is based may be faulty or unsubstantiated, so that the study and its
conclusions have questionable validity. In addition, we must recognize that deductive
conclusions are only elaborations on previously existing knowledge. Deductive reason-
ing can organize what is already known and can suggest new relationships, but it can-
not be a source of new knowledge. Scientific inquiry cannot be conducted on the basis
of deductive reasoning alone because of the difficulty involved in establishing the uni-
versal truth of many statements dealing with scientific phenomena.

Inductive Reasoning

Inductive reasoning reflects the reverse type of logic, developing generalizations from
specific observations. It begins with experience and results in conclusions or generaliza-
tions that are probably true. This approach to knowing was advanced in the late 16th
century by Francis Bacon, who called for an end to reliance on authority as absolute
truth. He proposed that the discovery of new knowledge required direct observation of
nature, without prejudice or preconceived notions.” Facts gathered on a sample of
events could lead to inferences about the whole. This reasoning gave birth to the scien-
tific approach to problem solving, and often acts as the basis for common sense. For
example, we might observe that those patients who exercise do not fall, and that those
who do not exercise fall more often. We might then conclude, through induction, that
exercise will improve postural stability.

Inductive reasoning has its limitations as well. The quality of the knowledge
derived from inductive reasoning is dependent on the representativeness of the specific
observations used as the basis for generalizations. To be absolutely certain of an induc-
tive conclusion, the researcher would have to observe all possible examples of the
event. This is feasible only in the rare situations where the set of events in question is
very small, and we therefore find ourselves relying mostly on imperfect induction
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based on incomplete observations. In the preceding example, if we observe the effects
of exercise on a sample of elderly persons, and if balance and exercise responses are
related to aging, our conclusion may not be a valid one for younger individuals.

Even with these limitations, the process of logical reasoning, both deductive and
inductive, is an essential component of scientific inquiry and clinical problem solving.
Both forms of reasoning are used to design research studies and interpret research data.
Introductory statements in research articles often illustrate deductive logic, as the
author explains how a research hypothesis was developed from an existing theory of
general body of knowledge. Inductive reasoning is used in the discussion section of a
research report, where generalizations or conclusions are proposed from the data
obtained in the study. Even though imperfect induction does not allow us to reach infal-
lible conclusions, it is the clinical scientist’s responsibility to evaluate critically the
validity of the information and to draw reasonable conclusions (see Box 1.2). These con-
clusions must then be verified through further empirical testing.

The following statement, attributed to Galen, illustrates the potential for the
abuse of logic:

All who drink of this remedy recover in a short time, except those whom it does not
help, who all die. Therefore, it is obvious that it fails only in incurable cases.”!

The Scientific Method

The scientific metheod is the most rigorous process for acquiring new knowledge,
incorporating elements of deduction and induction in a systematic and controlled
analysis of phenomena. The scientific approach to inquiry is based on two assumptions
related to the nature of reality. First, we assume that nature is orderly and regular and
that events are, to some extent, consistent and predictable. Second, we assume that
events or conditions are not random or accidental and, therefore, have one or more
causes that can be discovered. These assumptions allow us to direct clinical thinking
toward establishing cause-and-effect relationships so that we can develop rational solu-
tions to clinical problems.

The scientific approach has been defined as a systematic, empirical, controlled and
critical examination of hypothetical propositions about the associations among natural phenom-
ena.! The systematic nature of research implies a sense of order and discipline that will
ensure an acceptable level of reliability. It suggests a logical sequence that leads from
identification of a problem, through the organized collection and objective analysis of
data, to the interpretation of findings. The empirical component of scientific research
refers to the necessity for documenting objective data through direct observation. Find-
ings are thereby grounded in reality rather than in personal bias or subjective belief of
the researcher.

The element of control, however, is the most important characteristic that sets the
scientific method apart from the other sources of knowledge. To understand how one
phenomenon relates to another, the scientist practitioner must attempt to control factors
that are not directly related to the variables in question. Clinical problems such as pain,
functional disability, cognitive dysfunction, deformity, cardiopulmonary insufficiency
or motor control concern highly complex phenomena and often involve the effects of
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BOX 1.2 The Logic of the Frog

The hypothesis . ..

Impairments are
related to function

Hmm ... When | yell, “Froggy,
Jump,” the frog jumps 10 feet.

Now I'll remove

Hmm . . . With front legs
removed, the frog jumps 5 feet.

the front legs.
Froggy, Jump!

Now I’ll remove
the hind legs.
Froggy, Jump!

Hmm ... Why
doesn't he move?
“Froggy, Jump!”
"Froggy, Jump!”

The logical conclusion: . . .

( ﬁ{ With all four legs removed
the frog becomes deaf!

J

No animals were harmed in the making of this picture!
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many interacting factors. Investigators must be able to control extraneous influences to
have critical confidence in research outcomes. This important concept is explored in
greater detail in Chapter 9.

A commitment to critical examination means that the researcher must subject find-
ings to empirical testing and to the scrutiny of other scientists. Scientific investiga-
tion is thereby characterized by a capacity for self-correction based on objective
validation of data from primary sources of information. This minimizes the influence
of bias, and makes the researcher responsible for logical and defensible interpreta-
tion of outcomes.

Limitations of the Scientific Method

Although scientific research is considered the highest form of acquiring knowledge, it
is by no means perfect, especially when it is applied to the study of human behavior
and performance. The complexity and variability within nature and the environment
and the unique psychosocial and physiological capacities of individuals will always
introduce some uncertainty into the interpretation and generalization of data. These
issues differentiate clinical research from laboratory research in physical and biological
sciences, where environment and even heredity are often under complete control. This
does not mean that the scientific method cannot be applied to human studies, but it
does mean that clinical researchers must be acutely aware of extraneous influences to
interpret findings in a meaningful way. Some clinical findings may actually be strength-
ened by the knowledge that patients generally improve with certain treatments despite
physiological and environmental differences.

TYPES OF RESEARCH

The research process delineates a general strategy for gathering, analyzing, and inter-
preting data to answer a question. A variety of schema have been used to classify
research strategies according to their purpose and objectives.

Quantitative and Qualitative Research

In categorizing clinical research, researchers often describe studies by distinguishing
between quantitative and qualitative methods. Quantitative methods may be used all
along the continuum of research approaches, whereas qualitative data are generally
applied to descriptive or exploratory research. Quantitative research involves meas-
urement of outcomes using numerical data under standardized conditions. The advan-
tage of the quantitative approach is the ability to summarize scales and to subject data
to statistical analysis. Quantitative information may be obtained using formal instru-
ments which address physical or physiological parameters, or by putting subjective
information into an objective numerical scale.

Qualitative research is more concerned with a deep understanding of a phenom-
enon through narrative description, which typically is obtained under less structured
conditions. In qualitative methodology, “measurement” is based on open-ended ques-
tions, interviews and observations, as the researcher attempts to capture the context of
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the data, to better understand how phenomena are experienced by individuals. The
purpose of the research may be to simply describe the state of conditions, or it may be
to explore associations, formulate theory, or generate hypotheses.

Basic and Applied Research

One system of classification is based on the objective of the research, or the degree of
utility of the findings. Basic research is done to obtain empirical data that can be used
to develop, refine, or test theory. Basic research is directed toward the acquisition of
new knowledge for its own sake, motivated by intellectual curiosity, without reference
to the potential practical use of results. Typically done in a laboratory, basic research is
often called “bench research.” Researchers who study how blood cells function or who
examine the structure and function of parts of the brain are doing basic research. Of
course, basic studies may eventually lead to numerous practical applications, such as
developing a treatment for leukemia or grafting braincells to treat Parkinson’s disease.
But these are not the direct goals of the basic scientist.

In contrast, applied research is directed toward solving immediate practical prob-
lems with functional applications and testing the theories that direct practice. It is usu-
ally carried out under actual practice conditions on subjects who represent the group to
which the results will be applied. Most clinical research falls into this category. When
therapists study the effect of electrical stimulation for reducing muscle spasm or com-
pare the effectiveness of eccentric and concentric exercises for increasing strength, they
are doing applied research.

Although the distinction between basic and applied research appears to create a
dichotomy, in reality a continuum exists between the two extremes. We recognize that
rehabilitation and health care are applied sciences, but that many of the theories that
guide practice are founded on basic science principles. Today, clinical research is often
a hybrid, combining elements of both basic and applied science. Many studies provide
clinical application as well as new knowledge that contributes to a theoretical under-
standing of behavior.

Translational Research

The term translational research refers to the application of basic scientific findings to
clinically relevant issues, and simultaneously, the generation of scientific questions
based on clinical dilemmas.”® It is often described as taking knowledge from “bench to
bedside,” or more practically from “bedside to bench and back to bedside.””” Although
certainly not a new concept, the medical community has experienced a renewed
emphasis on the application of laboratory-based findings to clinically important prob-
lems. The NIH Roadmap, proposed in 2002, has called for a new paradigm of research to
assure that “basic research discoveries are quickly transformed into drugs, treatments,
or methods for prevention.””® Questions related to understanding the mechanisms of
disease or therapies, molecular changes or different responses of normal or abnormal
tissues are examples of how fundamental work at the bench can eventually benefit
patients directly”’

All too often, the successes of scientific breakthroughs in the laboratory or in ani-
mal models have not translated into major changes in medical care for humans. The
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success of the Human Genome Project is an example of where important scientific dis-
coveries have not yet realized their full potential® Although markers for specific
genetic defects can be identified, these do not exist in isolation from other physical and
physiological conditions, and so the complexity of the human organism creates a chal-
lenge to apply these discoveries to patient outcomes. Other examples of promising
translational research include the study of regeneration in spinal cord injury,* and new
interventions to optimize treatment of diabetes.8? Research aimed at developing thera-
pies for inhibiting angiogenesis in tumors has also sparked questions related to their
use in nononcological diseases, such as rheumatoid arthritis, psoriasis and diabetic
retinopathy.®® As these examples illustrate, the success of translational research will lie
in the close collaboration among laboratory researchers who understand the basic sci-
ence, clinicians who understand human behavior and response to disease, and patient
communities.”® It will include reflection on challenging clinical problems, rigorous
investigation with basic science techniques, insights into clinical innovations, and con-
sideration of new directions for future research.”’

Experimental and Nonexperimental Research

Another common classification defines research as either experimental or nonexperi-
mental. Experimental research refers to investigations where the researcher manipu-
lates and controls one or more variables and observes the resultant variation in other
variables. The major purpose of an experiment is to compare conditions or intervention
groups, to suggest cause-and-effect relationships. Nonexperimental research refers to
investigations that are generally more descriptive or exploratory in nature and that do
not exhibit direct control over the studied variables. This latter type of research is often
referred to as observational research, to reflect the idea that phenomena are observed
rather than manipulated.

A Continuum of Research

In a more practical scheme, research can be viewed along a continuum that reflects the
type of question the research is intended to answer. Within this continuum, illustrated
in Figure 1.5, research methods can be classified as descriptive, exploratory, or experi-
mental. These classifications reflect different purposes of research, and within each one
various types of research can be used. As a continuum suggests, however, different
types of research can overlap in their purpose and may incorporate elements of more
than one classification.

While many view this continuum as a hierarchy, with experimental designs at the
top (suggesting a relative value for these research approaches), each type of research
fulfills a particular purpose and need. Each brings specific strengths to an investigation
of clinical phenomena. The appropriate use of various designs will depend on the
research question and the available data, with questions related to intervention, diag-
nosis and prognosis requiring different approaches.
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DESCRIPTIVE EXPLORATORY EXPERIMENTAL
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True Experiments
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FIGURE 1.5 A continuum of research across descriptive, exploratory and experimental categories,
showing types of research, relevant data sources and synthesis of literature.
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Experimental Research

Experimental designs provide a basis for comparing two or more conditions for the
purpose of determining cause and effect relationships. They control or account for the
effects of extraneous factors, providing the greatest degree of confidence in the validity
of outcomes, and allowing the researcher to draw meaningful conclusions about
observed differences. The randomized controlled trial (RCT) is considered the “gold
standard” of experimental designs, typically involving the controlled comparison of an
experimental intervention and a placebo. There are, however, many alternative models,
some simple and others more complex, that provide opportunities to examine the cause
of outcomes, including the systematic study of one or several individuals using single-
subject designs within the clinical environment.

In quasi-experimental studies the degree of control is limited by a variety of fac-
tors, but interpretable results can still be obtained. When true experimental conditions
cannot be achieved, these designs permit comparisons, but they also acknowledge the
limitations placed on conclusions.

Exploratory Research

In exploratory research a researcher examines a phenomenon of interest and explores
its dimensions, including how it relates to other factors. In epidemiology health
researchers examine associations to describe and predict risks for certain conditions
using cohort and case-control studies. Using correlational methods, the researcher
is able to search for these relationships and may generate predictions that these rela-
tionships suggest. Predictive models can then be used as a basis for decision making,
setting expectations and prognosis. By establishing associations, researchers can also
test or model theoretical propositions. Many efforts in outcomes research use this
approach to study relationships among pathologies, impairments, functional limita-
tions and disability.

Methodological studies will use correlational methods to demonstrate reliability
and validity of measuring instruments. Historical research reconstructs the past, on
the basis of archives or other records, to generate questions or suggest relationships of
historical interest to a discipline.

Descriptive Research

In descriptive research the researcher attempts to describe a group of individuals on
a set of variables, to document their characteristics. Descriptive research may involve
the use of questionnaires, interviews or direct observation. Descriptive data allow
researchers to classify and understand the scope of clinical phenomena, often provid-
ing the basis for further investigation. Several designs can be used within this approach.

Developmental research is intended to investigate patterns of growth and change
over time within selected segments of a population, or it may chronicle the natural his-
tory of a disease or disability. Normative studies focus on establishing normal values
for specific variables, to serve as guidelines for diagnosis and treatment planning.
Qualitative research involves collection of data through interview and observation, in
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an effort to characterize human experience as it occurs naturally, and to generate
hypotheses about human behavior. A case study or case series may consist of a
description of one or several patients, to document unusual conditions or the effect of
innovative interventions.

Sources of Data

In designing research studies, investigators will describe the methods used for collect-
ing data. Most research involves direct data collection based on the performance of sub-
jects, according to the investigator’s defined protocol. Surveys or questionnaires are
often used to collect data on subject characteristics or opinions, as part of descriptive,
exploratory or experimental studies. As large databases begin to develop, researchers
often use secondary analysis as a mechanism for exploring relationships. This approach
typically involves the use of data that were collected for another purpose, or it may be
based on data from ongoing surveys.

Synthesis of Literature

As bodies of evidence continue to grow through publication of research, clinicians face
the challenge of aggregating information to adequately answer a clinical question.
Systematic reviews present a comprehensive analysis of the full range of literature on
a particular topic, typically an intervention, diagnostic test or prognostic factors. Meta-
analysis is a process of statistically combining the findings from several studies to
obtain a summary analysis. These forms of review, when done well, provide the clini-
cian with a critical analysis of current research that can be used for clinical decision mak-
ing. They also allow the clinician to recognize the scope of research and lsnowledge in a
particular content area, and to appreciate a balance in the interpretation of information.

THE RESEARCH PROCESS

Clinical research involves a systematic process of sequential steps that guide thinking,
planning and analysis. Whether one is collecting quantitative or qualitative data, the
research process assures that there is a reasonable and logical framework for a study’s
design and conclusions. We conceptualize research as a series of nine sequential steps
shown in Figure 1.6, recognizing that the order may vary and the steps may overlap in
different research models. These steps can be grouped into five major categories.

Step 1: Identify the Research Question

The first step of the research process involves delimiting the area of research and formu-
lating a specific research question that provides an opportunity for scientific testing (see
Chapter 7). During this stage, the researcher must define the type of individual to whom
the results will be generalized. Through a review of scientific literature, the researcher
should be able to provide a rationale for the study, a justification of the need to investi-
gate the problem, and a theoretical framework for interpreting results. Research
hypotheses are proposed to predict how response variables and treatment variables will
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STEP 3
Methods
Collect data:
Reduce data

FIGURE 1.6 A model of the research process.

be related and to predict clinically relevant outcomes. In descriptive or qualitative stud-
ies, guiding questions may be proposed that form the framework for the study.

Step 2: Design the Study

In step 2, the researcher designs the study and plans methods of subject selection, test-
ing, and measurement so that all procedures are clearly mapped out (see Chapters 5-16).
The choice of research method reflects how the researcher conceptualizes the research
question. Many alternative approaches are available, depending on the nature of the
data and the type of subjects. The researcher must carefully define all measurements and
interventions so that the methods for data analysis are clear. The completion of the first
two steps of planning results in the formulation of a research proposal (see Chapter 32).

Step 3. Methods

During the third step of the research process, the researcher implements the plans
designed in steps 1 and 2. Data collection is typically the most time consuming part of
the research process. After data are collected and recorded, the researcher must reduce
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and collate the information into a useful form for analysis. Forms or tables are created
for compiling the “raw data.” Just as much attention to precision must be given during
data reduction as during data collection (see Chapter 30).

Step 4: Data Analysis

The fourth step of the research process involves analyzing, interpreting, and drawing
valid conclusions about the obtained data. It is the pulling together of all the materials
relevant to the study, to apply them to a generalized or theoretical framework. Statisti-
cal procedures are applied to summarize quantitative information in a meaningful way,
usually with the assistance of a computer (see Chapters 17-29). It is at this stage that the
research hypothesis will be either supported or rejected. In qualitative studies, the
researcher will look for themes that characterize the data. Through the analysis of
results, the study should also lead to new questions that will stimulate further study.

Step 5: Communication

Research done in a vacuum is of little use to anyone. Researchers have a responsibility
to share their findings with the appropriate audience so that others can apply the infor-
mation either to clinical practice or to further research. Research reports can take many
forms including journal articles, abstracts, oral presentations, and poster presentations.
Students may be required to report their work in the lengthier form of a thesis or dis-
sertation (see Chapter 33).

Finally, no research project is a dead end. Results of one study always lead to new
questions. Researchers contribute to the advancement of their own work by offering sug-
gestions for further study and recommending what kinds of additional studies would be
useful for contributing to the theoretical foundations addressed in the current study.

UNDERSTANDING METHOD, CONTENT AND PHILOSOPHY

The focus of a text such as this one is naturally on the methods and procedures of con-
ducting research, on the mechanisms of how research is done: how phenomena are
observed and measured; how different types of research fit varied research questions;
how to design conditions so that relationships can be examined; and how to control and
manipulate variables to demonstrate cause-and-effect relationships. By understanding
the processes, definitions and analytic procedures of research, the clinician has the
building blocks to structure an investigation or interpret the work of others.

Methodology is only part of research, however. Research designs and statistical
techniques cannot lead us to a research question, nor can they specify the technical pro-
cedures needed for studying that question. Designs cannot tell us what to investigate,
nor do they assign meaning to the way clinical phenomena behave. Two other aspects
are equally important to the concept of research: knowledge of the subject matter that
will be studied and the research philosophy of the clinical discipline.

A thorough knowledge of content related to a research question is necessary to
determine relevant applications of the methods for answering the question. The
researcher must be able both to determine which instruments are appropriate for meas-
uring different variables and to apply measurement tools properly. The scientific bases
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for observed responses must be thoroughly understood to design a study and interpret
results. Without a complete background in the relevant content, the researcher may
make serious errors in data collection and analysis.

The philosophy of a discipline concerns itself with the way the subject matter is con-
ceptualized, the overall significance of the knowledge generated by research, and what
scientific approaches will contribute to an understanding of practice. How one conceives
of a discipline’s objectives and the scope of practice will influence the kinds of questions
one will ask. We must recognize the influence of professional values on these applica-
tions. These values reflect the researcher’s inclinations to consider treatment alterna-
tives, to search for new lanowledge to substantiate certain types of clinical decisions, or
to investigate particular types of questions with particular methods. For instance, differ-
ent paradigms will direct some clinical investigators to study behavior at the level of
impairments versus outcomes, or to use qualitative versus quantitative methods.

There is no right or wrong in these contrasts. As we explore the variety of research
approaches and the context of evidence-based practice, we urge the reader to continu-
ally apply his or her own framework for applying these methods. Our emphasis on
clinical examples throughout the book is a limited attempt to demonstrate these con-
nections. It is also relevant to consider the interdisciplinary clinical associations inher-
ent in health care, the team approach to patient care, and the shared research agendas
that might emerge from such associations. The framework that supports a research
question will likely be broader than any one discipline’s objectives and might be well
served by a team of professionals.

COMMENTARY

Research and Evidence-Based Practice:
Investigation vs. Clinical Decision Making

As we discuss the clinical research process and its contribution to evidence-based
practice, it is useful to recognize the analogy that can be drawn between research
and clinical decision making. Decisions usually begin with the definition of specific
clinical problems, which are understood within the context of a theoretical frame-
work. The clinician then applies literature, professional judgment and patient consid-
erations to generate a list of alternative solutions and selects one reasonable course
of action. The process continues with the design of a plan of care, implementation of
that plan and the evaluation of change. It is easy to see the commonalities of this
process to the design and analysis of a research question, as presented in Figure 1.6.

Two major differences distinguish clinical decision making from clinical
research, however. One is the purpose for which each process is used. Decision mak-
ing is used to determine solutions to particular clinical problems. Research concerns
broader questions about recurrent phenomena, and is used to obtain knowledge that
is generalizable beyond individual situations. In clinical decision making, the
process usually ends with a solution. In research, outcomes generate more questions.
The outcomes of clinical decisions may be shared with colleagues, but as a rule, the
decisions are not intended to contribute to an overall understanding of the clinical
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problem beyond the immediate situation. In contrast, the goal of clinical research is
to contribute to a scientific understanding of clinical phenomena, to predict out-
comes and strengthen the theoretical foundations of treatment and evaluation.

The other difference between these processes concerns the degree of control
that is required. Clinical decision making is a process used within the clinical envi-
ronment, and deals with events and variations within that environment as they occur
naturally. In contrast, the researcher attempts to control or at least account for the
environment. When asking questions about intervention, the researcher wants to
have confidence that observed differences are due to the imposed intervention and
not due to extraneous environmental influences.

The experienced clinician will also recognize that information is not always
available to justify clinical decisions. Therefore, research questions often develop out
of clinical practice. In this way, decision making and clinical research become inter-
dependent. Research provides information on which to base clinical decisions, and
problem solving contributes to the development of research questions. Both
processes involve the application of orderly and systematic procedures to guide the
interpretation of outcomes.

In this text, we emphasize the elements of and approaches to clinical research
and the development of clinical theory. We also focus on the idea that research and
practice are inseparable components of clinical science, recognizing that clinicians
are uniquely qualified to study, analyze and integrate evidence into clinical practice.
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CHAPTER 2

The Role of Theory

in Clinical Research
]

Clinical research is a systematic method for evaluating the effectiveness of treatment
and for establishing a basis for inductive generalizations about intervention. The ulti-
mate goal is to further intellectual progress by contributing to the scientific base of prac-
tice through the development of theory. Theories are created out of a need to organize
and give meaning to a complex collection of individual facts and observations.

Methods are the means by which we conduct investigations in a reliable and valid
way so that we can understand clinical phenomena. But it is theory that lets us specu-
late on the questions of why and how treatment works, accounting for what we
observe. Theories provide the explanations for findings within the context of what is
already known from the successes and failures of previous investigations. As we con-
tinue to examine observations, we try to create theoretical generalizations to form a
basis for predicting future outcomes. Without such explanations we risk having to rein-
vent the wheel each time we are faced with a clinical problem.

A theory is a set of interrelated concepts, definitions, or propositions that specifies
relationships among variables and represents a systematic view of specific phenomena.!
Theories have always been a part of human cultures, although not all theories have been
scientific. Philosophy and religion historically have played a significant part in the accept-
ance of theory. The medieval view that the world was flat was born out of the theory that
angels held up the four corners of the earth. Naturally, the men of the day were justified
in believing that if one sailed toward the horizon, eventually one would fall off the edge
of the earth. Such theories went untested because of a lack of instrumentation and
because it was not considered necessary to test that which was already known to be true.

In contrast, scientific theory deals with the empirical world of observation and
experience, and requires constant verification. We use theory to generalize beyond a
specific situation and to make predictions about what should happen in other similar sit-
uations. The validity of these predictions can be tested through research. The purpose
of this chapter is to define the elements of theory and to describe mechanisms for devel-
oping and testing clinical theories.

PURPOSES OF THEORIES

Theories can serve several purposes in science and clinical practice, depending on how
we choose to use them. Theories summarize existing knowledge, giving meaning to iso-
lated empirical findings. They provide a framework for interpretation of observations.
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For example, theories of motor learning bring together the results of many separate
studies that have examined schedules of practice, types of skills, psychomotor com-
ponents of performance, and other elements of the learning process. Theories are
also used to explain observable events by showing how variables are related. For
instance, a theory of motor learning would explain the relationship between feed-
back and feedforward mechanisms in the learning, performance, and refinement of
a motor skill.

Theories allow us to predict what should occur, given a set of specific circum-
stances. For example, one theory of motor learning states that greater changes take
place during stages of initial learning than during later stages, as illustrated by a decel-
erating learning curve. On the basis of this theory, we could anticipate that a patient
using an exercise device for the first time will experience a spurt of improvement in
force output during early trials as a result of practice that will not necessarily be related
to strength increases.

Theories can also provide a basis for predicting phenomena that cannot be empir-
ically verified. For instance, through deductions from mathematical theories, Newton
was able to predict the motion of planets around the sun long before technology was
available to confirm their orbits. The element of prediction also affords us a measure
of control. This is illustrated by analysis of the germ theory of disease, which explains
how organisms in the environment cause disease states. The theory allows us to pre-
dict how changes in the environment will affect the incidence of disease. This, in turn,
suggests mechanisms to control disease, such as the use of drugs, vaccines, or atten-
tion to hygiene.

Theories also help to stimulate the development of new knowledge by providing
motivation and guidance for asking significant clinical questions. On the basis of a
theoretical premise, a clinician can use the process of deduction to formulate a
hypothesis which can then be tested, providing evidence to support, reject, or modify
the theory. For instance, based on the theory that reinforcement will facilitate learn-
ing, a clinician might deduce that verbal encouragement will decrease the time
required for a patient to learn a program of home exercises. This hypothesis can be
tested by comparing patients who do and do not receive reinforcement, and, if sup-
ported, the hypothesis will lend credence to the original theory. A wide variety of
hypotheses can be deduced from this same theory. For instance, a clinician may
hypothesize that reinforcement will improve learning for spinal cord injured patients
working to master the use of a hand splint. The results of testing each hypothesis will
provide additional affirmation of the theory or demonstrate specific situations where
the theory is not substantiated.

Theory provides the basis for asking a question in applied research. Sometimes
there will be sufficient background in the literature to build this framework; other times
the researcher must build an argument based on what is known from basic science. In
descriptive or exploratory research, the study’s findings may contribute to the develop-
ment of theory. The researcher uses a theoretical premise to project how the variables
being studied should be related and what outcomes are expected. The theoretical
framework is usually discussed within the introduction or discussion section of a paper.
Without a theoretical framework a researcher will be unable to understand the implica-
tions of his findings, and observations will not have a context.
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COMPONENTS OF THEORIES

Concepts and Constructs

The role that theory plays in clinical practice and research is best described by examin-
ing the structure of a theory. Figure 2.1 shows the basic organization of scientific
thought, building from observation of facts to laws of nature.

The essential building blocks of a theory are concepts. Concepts are abstractions
that allow us to classify natural phenomena and empirical observations. From birth we
begin to structure empirical impressions of the world around us in the form of concepts,
such as “mother,” “father,” “play,” or “food,” each of which implies a complex set of
recognitions and expectations. We develop these concepts within the context of experi-
ence and feelings, so that they meet with our perception of reality. We supply labels to
sets of behaviors, objects, or processes that allow us to identify them and discuss them.

We use concepts in professional communication in the same way. Even something
as basic as a “wheelchair” is a concept from which we distinguish chairs of different
types, styles, and functions. Almost every term we incorporate into our understanding
of human and environmental characteristics and behaviors is a conceptual entity. When
concepts can be assigned values, they can be manipulated as variables, so that their
relationships can be examined. In this context, variables become the concepts used for
building theories and planning research. Variables must be operationally defined, that
is, the methods for measuring or evaluating them must be clearly delineated.

Some concepts are observable and easily distinguishable from others. For instance,
a wheelchair will not be confused with an office chair. But other concepts are less tan-
gible, and can be defined only by inference. Concepts that represent nonobservable
behaviors or events are called constructs. Constructs are invented names for abstract
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FIGURE 2.1 A model of scientific thought, showing the circular relationship between facts and theory
and the integration of inductive and deductive reasoning.
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variables that cannot be seen directly, but are inferred by measuring relevant or corre-
lated behaviors that are observable. The construct of intelligence, for example, is one
that we cannot see, and yet we give it very clear meaning. We evaluate a person’s intel-
ligence by observing his behavior, the things he says, what he “knows.” We can also
measure a person’s intelligence using standardized tests and use a number to signify
intelligence. An IQ score of 125 tells us something about that individual, but the num-
ber by itself has no empirical value. We cannot observe 125 intelligence “points” like we
can 125 degrees of shoulder joint motion. Constructs are often manipulated as variables
in psychosocial and behavioral research.

Propositions

Once the concepts that relate to a theory are delineated, they are formed into a general-
ization, or proposition. Propositions state the relationship between variables, which
can be described in several ways. For example, a hierarchical proposition shows a verti-
cal relationship, establishing ordered levels of concepts. Maslow’s theory of the rela-
tionship of human needs to motivation demonstrates this principle.> He described five
levels, beginning at the bottom with basic physiological needs, moving up to safety,
social needs, esteem, and finally ending at the top with self-actualization, or the fulfill-
ment of one’s self (see Figure 2.2).

A quantitative proposition is based on the frequency or duration of a specific behav-
ior. For example, theories of fatigue are based partly on the concept of repetitions of
exercise and how that relates to muscular endurance.* A temporal proposition orders
concepts in time and states a sequence of events. For instance, the transtheoretical
model explains behavior change as a process along a continuum of motivational readi-
ness, with five stages: precontemplation, contemplation, preparation, action, and main-
tenance.” Rather than seeing change as a unidimensional act, such as simply quitting

agtualizatign

Self-esteem

FIGURE 2.2 Maslow’s hierarchy of human needs; example of a hierarchical proposition.
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preparation

=

Precontemplation

Maintenance
FIGURE 2.3  The transtheoretical model of behavior change; example of a temporal proposition.®

smoking or starting to exercise, this model suggests that individuals progress through
a series of stages in recognizing the need to change and finally engaging in a new
behavior (see Figure 2.3). The model also clarifies the importance of identifying the
stage an individual is in before a successful intervention can be implemented.

Models

Many of the concepts we deal with in professional practice are so infinitely complex
that we cannot truly comprehend their real nature. In an effort to understand them we
try to simplify them within the context of a medel that serves as an analogy for the real
phenomenon. To understand the concept of an “atom,” for example, it was helpful for
scientists to delineate a conceptual model that is likened to a solar system. The intrica-
cies of genetic processes were clarified by the development of a helical model of DNA.
Function of the neuromuscular system is often taught using a model of the muscle spin-
dle. These models are considered simplified approximations of reality. The model
leaves out much of the detail, but describes the conceptual structure closely enough to
give us a better understanding of the phenomenon. Models are symbolic representa-
tions of the elements within a system. Where a theory is an explanation of phenomena,
a model is a structural representation of the concepts that comprise the theory.

Some physical models are used to demonstrate how the real behavior might occur.
For example, engineers study models of bridges to examine the stresses on cables and
the effects of different loading conditions. The benefit of such models is that they obey
the same laws as the original, but can be controlled and manipulated to examine the
effects of various conditions in ways that would not otherwise be possible. Rehabilita-
tion engineers develop prototypes of prostheses or motor-driven wheelchairs, to eval-
uate their performance and to perfect their design. Scientists also use animal models to
mimic specific anatomical or physiological deficits in the human to examine the effects
of pathology, trauma and intervention.

Sometimes a model is a schematic representation, such as an architect’s plans or a
map. Therapists might use this type of model when evaluating a client’s home for archi-
tectural barriers, by drawing a diagram of rooms and doorways and plotting out the
spatial requirements for use of a wheelchair. Such a model provides opportunities for
considering the implications of different approaches without physically carrying them
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out, and facilitates making appropriate changes when necessary. Computer simulations
are the most recent contributions to the development of physical models. Scientists can
experiment with an infinite number of variations in design and can analyze the impli-
cations of each without risk or major expense.

A model can also represent a process rather than a real object. For example, decision-
making models can be used to suggest the most effective progression of intervention
with specific disorders.® The transtheoretical model provides a framework for under-
standing the process of behavior change (see Figure 2.3).° The International Classifi-
cation of Functioning and Disability (ICF) model (shown in Figure 1.1 in Chapter 1)
creates a structure to understand the theoretical relationship between impairments and
functional activities, and can be used to offer explanations as to why specific impair-
ments might lead to certain types of disability.”

Quantitative models are used to describe the relationship among variables by using
symbols to represent them. Models in physical science allow for accurate prediction of
quantities, such as the summary of the relationship between force, mass, and accelera-
tion (F = m x a). In the behavioral sciences, however, quantitative models are less pre-
cise, usually containing some degree of error resulting from the variability of human
behavior and physical characteristics. For instance, a clinician might want to determine
the level of strength a patient could be expected to achieve following a period of train-
ing. A model that demonstrates the influence of a person’s height, weight, and age on
muscle strength would be useful in making this determination.?® This type of quanti-
tative model can serve as a guide for setting long-term goals and for predicting func-
tional outcomes. Research studies provide the basis for testing these models and
estimating their degree of accuracy for making such predictions.

DEVELOPMENT OF THEORIES

As the previous examples illustrate, theories are not discovered, they are created. A set
of observable facts may exist, but they do not become a theory unless someone has the
insight to understand the relevance of the observed information and pulls the facts
together to make sense of them. Certainly, many people observed apples falling from
trees before Newton was stimulated to consider the force of gravity. Theories can be
developed using inductive or deductive processes.

Inductive Theories

Inductive theories are data based and evolve through a process of inductive reason-
ing, beginning with empirically verifiable observations. Through multiple investiga-
tions and observations, researchers determine those variables that are related to a
specific phenomenon and those that are not. The patterns that emerge from these stud-
ies are developed into a systematic conceptual framework, which forms the basis for
generalizations. This process involves a degree of abstraction and imagination, as ideas
are manipulated and concepts reorganized, until some structural pattern is evident in
their relationship.

For instance, this process was used by Skinner in the formulation of his theories of
learning and behavior, based on previous work and his own observations of human
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behavior.! Through the examination and clarification of the interrelationships between
stimuli and responses, he formulated a systematic explanation for the observed behav-
iors. Glaser and Strauss™ used the term “grounded theory” to describe the development
of theory by reflecting on individual experiences in qualitative research. As an example,
Resnik and Jensen’ used this method to describe characteristics of therapists who were
classified as “expert” or “average” based on the outcomes of their patients. Building on
their observations, they theorized that the meaning of “expert” was not based on years
of experience, but on academic and work experience, utilization of colleagues, use of
reflection, a patient-centered approach to care, and collaborative clinical reasoning.

Deductive Theories

The alternative approach to theory building is the intuitive approach, whereby a theory
is developed on the basis of great insight and intuitive understanding of an event
and the variables most likely to impact on that event. This type of theory, called a
hypothetical-deductive theory, is developed with few or no prior observations, and
often requires the generation of new concepts to provide adequate explanation. Freud’s
theory of personality fits this definition.* It required that he create concepts such as
“id,” “ego” and “superego” to explain psychological interactions and motivations.
Because they are not developed from existing facts, hypothetical-deductive theories
must be continually tested in the “real world” to develop a database that will support
them. Einstein’s theory of relativity is an excellent example of this type of theory; it was
first advanced in 1905 and is still being tested and refined through research today.

Most theories are formulated using a combination of both inductive and hypothetical-
deductive processes. Observations initiate the theoretical premise, and then hypotheses
derived from the theory are tested. As researchers go back and forth in the process of
building and testing the theory, concepts are redefined and restructured. This process
occurs along a circular continuum between fact and theory, whereby a theory can be
built on facts, but must also be tested by them (see Figure 2.1).

CHARACTERISTICS OF THEORIES

As we explore the many uses of theories in clinical research, we should also consider
criteria that can be used to evaluate the utility of a theory. First and foremost, a theory
should provide a thorough and rational explanation of observed facts. It should provide
a basis for classifying relevant variables and predicting their relationships. A theory
should also provide a means for its own verification; that is, it should be sufficiently
developed and clear enough to permit deductions that form testable hypotheses.

A Good Theory Is Economical. 1t should be the most efficient explanation of the phe-
nomenon, using only those concepts that are truly relevant and necessary to the expla-
nation offered by the theory. Complex theories are difficult to interpret and less likely to
provide meaningful direction to practice or research. Theories are also most useful when
they apply to a broad range of situations, not one specific segment of a discipline.

A Theory Should Be Important. It should reflect that which is judged significant by
those who will use it. In this sense, theories become the mirror of a profession’s values
and identity. When we examine the theories that are adopted by clinicians in the course
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of their practice, their intellectual investments become clear. For example, many thera-
pists rely on neurophysiological theory as a basis for choosing therapeutic exercise tech-
niques that use diagonal and rotational patterns of motion, as opposed to the traditional
use of anatomical theory as a basis for exercises in straight planes. This suggests that
research is needed to test hypotheses that predict the superiority of multiple-plane
movement over single-plane exercise for given purposes.

Acceptance of Theory Can Change. Theories must be consistent with observed facts
and the already established body of knowledge. Therefore, our acceptance of a particular
theory will reflect the present state of knowledge and must adapt to changes in that knowl-
edge as technology and scientific evidence improve. Therefore, a theory is only a tentative
explanation of phenomena. It should be reasonable according to what has been observed,
but may not be the only explanation. Many theories that are accepted today will be dis-
carded tomorrow (see Box 2.1). Some will be “disproved” by new evidence, and others may
be superseded by new theories that integrate the older ones. For example, Gardner’s the-
ory of multiple intelligences challenged long-held assumptions about general intelligence
and the ability to measure it with a single score, such as an IQ test.”” He proposes eight dis-
tinct intelligences and suggests that different cultures will perceive these differently.

Theory recognition also evolves with social change. For instance, the disengagement
theory of aging was originally proposed to account for observations of age-related
decreases in social interaction.'® The explanation this theory offered was that older indi-
viduals withdrew from social involvements in anticipation of death. As sociological
theory progressed, however, new perspectives emerged, such as exchange theory, which
suggested that interactions in old age become limited because the old have fewer
resources to offer, therefore bringing less to a relationship.'” In a further generation of
exchange theory, socioemotional selectivity theory tried to explain reduced social exchange
of older persons as a function of increasing selectivity in interactions.'® This theory sug-
gests that older persons decide to reduce emotional closeness with some people while
they increase closeness with others; that is, interactions reflect the rewards of specific
emotional support with a selective group of individuals. The most recent progression
of this theory is gerotranscendence, which looks at human development as a process that
extends into old age. The theory proposes that aging, from childhood through old age,
is a process that can be obstructed or accelerated by life crises, culture and support sys-
tems. Old age is yet another phase in development. When optimized, the process ends
in a new and qualitatively different perspective on life.”’

This evolution of theory illustrates how the explanations of an observed psychoso-
cial phenomenon have continued to change as our understanding and perceptions of
social interaction have grown. It also demonstrates how caregivers and health profes-
sionals may change their perspective on how to support and interact with aging indi-
viduals, depending on how they view the psychological focus of the aging process.

THEORY AND RESEARCH

Every theory serves, in part, as a research directive. The empirical outcomes of research
can be organized and ordered to build theories using inductive reasoning. Conversely,
theories must be tested by subjecting deductive hypotheses to scientific scrutiny. The
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BOX 2.1 Ancient Medical Theory: The Four Humours

Originating in the work of Aristotle and Hippocrates, traditional medical
theory from Greco-Roman times through the Middle Ages was based on the
belief that the body was made up of four elemental liquids: blood, yellow
bile, black bile and phlegm. Physical and mental health depended on a bal-
ance of these humours, called eucrasia. An imbalance of humours, or
dyscrasia, was believed to be the cause of all diseases.

Each humour corresponded to one of the
four elements, specific seasons, qualities and
personalities. Blood was associated with air,
spring, hot and moist, and a sanguine tem-
perament—amorous, happy, generous, and
optimistic. Black bile was associated with
earth, autumn, cold and dry, and a melan-
cholic personality—introspective, sentimen-
tal and lazy. Yellow bile was paired with fire,
summer, hot and dry, and a choleric disposi-
tion—vengeful, violent and easily angered.
And phlegm was linked to water, winter,
cold and moist, and a phlegmatic tempera-
ment—calm, unemotional and dull.

This theoretical context was used as the
Image of a woodcut from an 18th-  pagig for diagnosis and treatment, geared
century text by Johann Kaspar " L .

Lavater. toward identifying and pushing out a harm-

ful surplus of a humour. For example, if
someone had a fever, they were thought to have too much blood in their
body, which was therefore treated by blood letting. Sweating from a fever
was considered hot and wet, and foods were given that were associated with
cold and dry. The baby with “cholic” was thought to be constantly angry.
Epilepsy was believed to be due to phlegm blocking the airways that caused
the body to thrash about to free itself. Manic behavior was due to bile boiling
in the brain. Black bile was associated with melancholy.

In every era, our theories grow to meet the state of knowledge and sci-
ence. The humours replaced the theory that health could be explained by
divine intervention. Many of the practices associated with the four humours
were still part of mainstream medicine in the late 1800s. You can undoubt-
edly see the connections between the four personalities and many words we
use today to describe physical and mental states.

Sources: Four humours. Wikipedia. <http://en.widipedia.org/wiki/Four_
bodily_humours>; The Four Humours. Kheper website. <http:/ /www.kheper.net/
topics/typology/four_humours.html>; Warren P. The Roots of Scientific Medicine.
Hippocrates on the Web. http://www.umanitoba.ca/faculties/medicine/units/
history/notes/roots/index.html> Accessed May 15, 2007.
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processes of theory development and theory testing are represented in the model
shown in Figure 2.1. It integrates the concepts of inductive and deductive reasoning as
they relate to the elements of theory design.

Theory Testing

When we speak of testing a theory, we should realize that a theory itself is not testable.
The validity of a theory is derived through the empirical testing of hypotheses that are
deduced from it and from observation of the phenomenon the theory describes. The
hypotheses predict the relationships of variables included in the theory. The results of
research will demonstrate certain facts, which will either support or not support the
hypothesis. If the hypothesis is supported, then the theory from which it was deduced
is also supported.

When we compare the outcomes of individual research studies with predicted out-
comes, we are always aware of the potential for disconfirmation of the underlying the-
ory. In essence, the more that research does not disconfirm a theory, the more the theory
is supported. This may sound backwards, but in actuality we can never “prove” or
“confirm” a theory. We can only demonstrate that a theoretical premise does not hold
true in a specific situation. When a research hypothesis is tested and it is not rejected, that
is, the study turns out the way we expected, we cannot state that the underlying theory
is definitely true. To make such a statement, we would have to verify every possible
application of the theory and demonstrate that the outcomes were absolutely consis-
tent. As this is not feasible, we can only interpret individual hypotheses and conclude
that a theory has not been disproved.

Utilization of Theory in Research and Practice

Clinicians are actually engaged in theory testing on a regular basis in practice. Theories
guide us in making clinical decisions. Specific therapeutic modalities are chosen for
treatment because of expected outcomes that are based on theoretical assumptions.
Treatments are modified according to the presence of risk factors, based on theoretical
relationships. Therefore, the theory is tested each time the clinician evaluates treatment
outcomes. When a theory is used as the basis for a treatment, the clinician is, in effect,
hypothesizing that the treatment will be successful. If results are as expected, the the-
ory has been supported. When evidence is obtained that does not support a theory, or
that cannot be explained by the theory, alternative explanations must be considered.
There may be reason to question how measurements were taken and how concepts
were defined, to determine if these were truly consistent with the theory’s intent. The
validity of the theory may be questioned, or the application of the theory to the specific
problem being studied may need to be re-evaluated. It may also be necessary to re-
examine the theory and modify it, so that it does explain the observed outcome. If this
is not practical, a new theory may need to be considered that will encompass this and
all previous observations.

As an example of the application of theory to clinical decision making, Mueller and
Maluf® have described physical stress theory, which states that changes in levels of phys-
ical stress cause a predictable adaptive response in all biological tissue. According to
this premise, stresses less than normal will result in decreased tolerance of tissues to
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subsequent stresses, and stresses greater than normal will result in increased tolerance.
If we accept this premise, we can assume that when muscle is not sufficiently stressed
(not exercised), we would predict decreased tension and power (weakness), which
would limit the muscle’s future tolerance to outside forces. When muscle is challenged
at high stresses (as through exercise), we will see increases in contractile strength.
Stresses at either extreme will cause the tissue to fail. When stresses are absent, the mus-
cle will atrophy; when stresses are excessive, the muscle will be strained.

We can use this theory to help with decision making when an individual’s muscle
performance does not fall within normal limits. As shown in Figure 2.4, for a condition
of weakness, due to prolonged low stress levels, the threshold for adaptation will
decrease. Therefore, a patient who has a weakened muscle is likely to suffer an injury
at a lower force threshold than someone who is stronger. Similarly, a weakened muscle
will increase in strength with a lower level of exercise than a stronger muscle would
require. This theory goes beyond this specific example, to demonstrate how intrinsic
and extrinsic factors can modify the adaptive responses of various tissues. The authors
clearly illustrate how continued testing of the theory and its relationships is needed to
contribute to the foundations of practice.’

Effect of Prolonged Low Stress Lowers
Thresholds for Subsequent Adaptation and Injury

Baseline condition Lower “set-points”
for thresholds
A
Injury
Injury

Increased tolerance
(eg, hypertrophy)

Increased toleranc