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I dedicate this book to Valerie Parsons…
her pure blue eyes reminded me that true
discovery consists not in simply seeking
novel landscapes, but in having new eyes.



Preface

Perhaps it is because the profession of clinical neuropsychology is so young that any
progress made in it may seem to be significant. However, it appears to the President of this
Division that we are not actually making as much progress as we are inclined to believe and
that this is true both in absolute terms and in comparison with the progress made in other
clinical neurosciences.

Dodrill (1997, p. 1)

As is apparent in Dodrill’s presidential address to the American Psychological
Associations’s division on neuropsychology, I am not the first to stress the
importance of technological progress for advancing neuropsychological assess-
ments. What is striking about Dodrill’s comments is that they are as true today as
they were two decades ago. Advances in neuropsychological assessment are far
behind progress made in other clinical neurosciences. The developments in neu-
roscience, computer science, and information technology have all the hallmarks of a
broad technological revolution.

I began thinking about the importance of technology for neuropsychological
assessment around the same time that Dodrill’s presidential address was published.
In 1998 I started graduate training in clinical psychology with an emphasis on
neuropsychology. I had a background in computer science and electrical engineering
from my time in the military and experience in computer networks and database
programming. Throughout my neuropsychology training (graduate school, intern-
ship, and postdoctoral work), I was struck by the inefficiency of paper-and-pencil
assessments and the fact that so many of the tests seemed to fall short of answering
the referral questions I received while working in academic medical centers. Most
of these tests were slightly modified tests that had been developed decades earlier. In
addition to their lack of technological progress, the tests were theoretically ques-
tionable as they reflected early approaches to assessment found in non-clinical
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disciplines. A good deal of my training was in neurology departments, but most
of the neuropsychological assessment tools revealed little correspondence to
well-defined neuroanatomic systems. This seemed strange to me given that my work
with researchers in neuroscience and computer science revealed many neural sys-
tems and modules that interconnected, with relative precision, neurocognitive pro-
cesses to brain areas. When I compared these experiences with my work using
neuropsychological assessment tools, I was frustrated by the imprecision and lack of
sophistication of neuropsychological models of cognition. I felt then, and continue to
believe, that technological upgrades to neuropsychological assessment tools would
allow for clinical neuropsychological assessment data to better comport with func-
tional neuroanatomic/neurocognitive systems.

My interest in computer science and advanced technologies led me to accept a
position as a research scientist and assistant research professor position at the
University of Southern California’s Institute for Creative Technologies. During this
time I was able to explore computerized methods for enhancing stimulus presen-
tation, event logging, database development, and neuroinformatic approaches that
could link behavioral responses to neurological models.

A few years ago I decided to make the transition into a more traditional tenure
position where I would have increased opportunities to train the next generation of
neuropsychologists in the application of advanced technologies for neuropsycho-
logical assessment. When preparing lectures I was once again struck by the absence
of advances in computer science, information technology, and neuroinformatics in
clinical neuropsychology. In other neuroscience subdisciplines evidence is readily
apparent of advanced technologies, innovative research methods, novel data ana-
lytics, and collaborative knowledge bases. Unfortunately, clinical neuropsychology
remains rather unchanged and there is little evidence of progress.

In November 2013 I received the early career award from the National Academy
of Neuropsychology. At the same meeting, Dean Delis received the Distinguished
Lifetime Contribution to Neuropsychology Award. Dr. Delis discussed the evolu-
tion of neuropsychological test development and the new frontiers in tablet-based
testing. I remember my excitement when I realized that the distinguished lifetime
achievement awardee and the early career awardee were both involved in advancing
neuropsychological assessment with novel technologies. The following year, in
February 2014, I presented two papers at the annual meeting of the International
Neuropsychological Society, in Seattle, Washington. One paper was for a keynote
symposium on ecologically valid methods of assessment in neuropsychology
and the other paper was for a symposium on neuropsychology and technology
in the twenty-first century. In addition to comparing paper-and-pencil, computer-
automated, and simulation-based approaches to neuropsychological assessment
these papers described the potential of virtual reality and information technology for
enhancing clinical neuropsychology. Soon after, I began to structure these pre-
sentations into this text.
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This book reviews currently available technologies that may be useful for
neuropsychologists. In addition to enhanced technologies for administration and
data capture, there is emphasis on the need for information technologies that
can link outcome data to neuroinformatics and collaborative knowledgebases.
I understand that this book is a rather ambitious first account of advances in
technology for neuropsychological assessment. It is important to note that neu-
ropsychologists need not view these advanced technologies as necessary replace-
ments for current batteries. Instead, it is hoped that the tools described herein will
offer neuropsychologists with additional tools that can be used judiciously with
current batteries.

Denton, TX, USA Thomas D. Parsons
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Introduction



Chapter 1
Introduction

It would be strange, and embarrassing, if clinical psychologists,
supposedly sophisticated methodologically and quantitatively
trained, were to lag behind internal medicine, investment
analysis, and factory operations control in accepting the
computer revolution.

—Paul Meehl (1987)

There is one industry, however, that remains a glaring
exception to the general rapid rate of technological progress
that is ongoing in our society–the standardized-testing industry.

—Sternberg (1997)

Decades ago Paul Meehl (1987) called for clinical psychologists to embrace the
technological advances prevalent in our society. Meehl’s endorsement of technol-
ogy for clinical psychology reflects the developments that were occurring during
the 1980s for psychological testing (Bartram and Bayliss 1984; French and
Beaumont 1987; Space 1981). In the 1980s, neuropsychologists also discussed the
possibilities of computer-automated neuropsychological assessments and compared
them to traditional approaches that involved paper-and-pencil testing (Adams 1986;
Adams and Brown 1986; Adams and Heaton 1987; Long and Wagner 1986). An
unfortunate limitation of progress beyond this period is that too great of emphasis
was placed upon interpretive algorithms which led to questions about whether
then-current programs could generate accurate clinical predictions (Anthony et al.
1980; Heaton et al. 1981). While it is unclear whether the computerized platforms
during this period were adequate, it is clear that the use of computerized inter-
pretation of clinical results from fixed batteries stalled progress in development of
technologically advanced neuropsychological assessments (Russell 2011).

© Springer International Publishing Switzerland 2016
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1 Sternberg’s Call for Advances in Technology
for Assessment of Intelligence

A decade after Meehl, Sternberg (1997) described the ways in which clinical psy-
chologists have fallen short of meeting Meehl’s challenge. This failure is apparent in
the discrepancy between progress in cognitive assessmentmeasures like theWechsler
scales and progress in other areas of technology. Sternberg used the example of the
now-obsolete black-and-white televisions, vinyl records, rotary-dial telephones, and
the first commercial computer made in the USA (i.e., UNIVAC I) to illustrate the lack
of technological progress in the standardized-testing industry. According to
Sternberg, currently used standardized tests differ little from tests that have been used
throughout this century. For example, while the first edition of the Wechsler Adult
Intelligence Scale appeared some years before UNIVAC, the Wechsler scales (and
similar tests) have hardly changed at all (aside from primarily cosmetic changes)
compared to computers. Although one may argue that innovation in the computer
industry is different from innovation in the standardized-testing industry, there are still
appropriate comparisons. For example, whereas millions of dollars spent on tech-
nology in the computer industry typically reflects increased processing speed and
power, millions of dollars spent on innovation in the testing industry tends to reflect
the move from multiple-choice items to fill-in-the-blank items. Sternberg also points
out cognitive testing needs progress in ideas, not just newmeasures, for delivering old
technologies. While clinical neuropsychology emphasizes its role as a science, its
technology is not progressing in pace with other clinical neurosciences.

2 Dodrill’s Call for Advances in Technology
for Neuropsychological Assessment

At the same time Sternberg was describing the discrepancy between progress in
cognitive assessment measures and progress in other areas of technology, Dodrill
(1997) was contending that neuropsychologists had made much less progress than
would be expected in both absolute terms and in comparison with the progress
made in other clinical neurosciences. Dodrill points out that clinical neuropsy-
chologists are using many of the same tests that they were using 30 years ago (in
fact close to 50 years ago given the date of this publication). If neuroradiologists
were this slow in technological development, then they would be limited to
pneumo-encephalograms and radioisotope brain scans—procedures that are con-
sidered primeval by current neuroradiological standards. According to Dodrill, the
advances in neuropsychological assessment (e.g., Weschler scales) have resulted in
new tests that are by no means conceptually or substantively better than the old
ones. The full scope of issues raised by Dodrill becomes more pronounced when he
compares progress in clinical neuropsychology to that of other neurosciences. For
example, clinical neuropsychologists have historically been called upon to identify

4 1 Introduction



focal brain lesions. When one compares clinical neuropsychology’s progress with
clinical neurology, it is apparent that while the difference may not have been that
great prior the appearance of computerized tomographic (CT) scanning (in the
1970s), the advances since then (e.g., magnetic resonance imaging) has given
clinical neurologists a dramatic edge.

3 From Lesion Localization to Assessment of Everyday
Functioning

In addition to serving as an example of progress in neurology and the clinical
neurosciences, neuroimaging reflects a technology that changed the way clinical
neuropsychologists answered referral questions. By the 1990s, neuropsychologists
were experiencing a shift in referrals from lesion localization to assessment of
everyday functioning (Long 1996). With the advent and development of advanced
technologies in the clinical neurosciences, there was decreased need for
neuropsychological assessments to localize lesions and an increased need for
neuropsychologists to describe behavioral manifestations of neurologic disorders.
Clinical neuropsychologists were increasingly being asked to make prescriptive
statements about everyday functioning (Sbordone and Long 1996).

Recently, scholars have been discussing the potential for a paradigm shift in
clinical neuropsychology (Baxendale and Thompson 2010; Bilder 2011; Dodrill
1997, 1999; Green 2003; Parsons 2011; Perry 2009). The historical development of
neuropsychology has resulted in a “normal science” that is informed by develop-
ments in psychology, neuroscience, neurology, psychiatry, and computer science.
Each of these “informing disciplines” has gone through changes that challenge
theory and praxes of neuropsychological assessment. These changes are what Kuhn
(1962/1996) describes as paradigm shifts, in which new assumptions (paradigms/
theories) require the reconstruction of prior assumptions and the reevaluation of prior
facts. For psychology, the paradigmatic shifts are found in the move from mentalism
(i.e., study of consciousness with introspection) to behaviorism (Watson 1912), and
then cognition (Miller 2003) as now understood through connectionist frameworks
(Bechtel and Abrahamsen 1990). Within the last decade, convergence between the
social sciences and the neurosciences has resulted in social cognitive and affective
neurosciences (Davidson and Sutton 1995; Lieberman 2010; Panksepp 1998).
Further, in clinical psychology, shifting paradigms are seen in the incorporation of
innovative technologies in treatment delivery (Dimeff et al. 2010).
Neurorehabilitation has undergone a paradigm shift as a result of influences from
basic and clinical research (Nadeau 2002; Barrett 2006; Mateer and Sohlberg 1988).
For psychiatry (e.g., neuropsychopharmacology), the “paradigm shift” has been
found in an understanding of psychiatric disorders and molecular biology models
that account for gene/environment/development interaction (Meyer 1996). Likewise,
neuroscience has seen a shift related to the understanding of communication between
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nerve cells in the brain—shift from predominant emphasis upon electrical impulses
to an enhanced model of chemical transmission (Carlsson 2001). For neurology (and
a number of related branches of neuroscience), a shift is found in new ways to
visualize the details of brain function (Raichle 2009; Sakoglu et al. 2011). Finally,
we are seeing shifts in computer science in the areas of social computing (Wang
2007), information systems (Merali andMcKelvey 2006), neuroinformatics (Jagaroo
2009; Koslow 2000; Fornito and Bullmore 2014), and even the video game industry
(de Freitas and Liarokapis 2011; Zackariasson and Wilson 2010).

4 Bilder’s Neuropsychology 3.0: Evidence-Based Science
and Practice

Recently, Bilder (2011) has argued that clinical neuropsychology is ready to embrace
technological advances and experience a transformation of its concepts and methods.
For Bilder, the theoretical formulations of neuropsychology are represented in three
waves. In Neuropsychology 1.0 (1950–1979), clinical neuropsychologists focused
on lesion localization and relied on interpretation without extensive normative data.
In Neuropsychology 2.0 (1980–present), clinical neuropsychologists were impacted
by technological advances in neuroimaging and as a result focused on characterizing
cognitive strengths and weaknesses rather than differential diagnosis. For
Neuropsychology 3.0 (a future possible Neuropsychology), Bilder emphasizes the
need to leverage advances in neuroimaging that Dodrill discussed. Further, he calls
on clinical neuropsychologists to incorporate findings from the human genome
project, advances in psychometric theory, and information technologies. Bilder
argues that a paradigm shift toward evidence-based science and praxes is possible if
neuropsychologists understand the need for innovations in neuropsychological
knowledgebases and the design of Web-based assessment methods.

5 Computerized Neuropsychological Assessment Devices

One area of technological advance in neuropsychological assessment is the advent
of computer-automated neuropsychological assessment devices. These computer-
automated neuropsychological assessments have been lauded for their potential to
augment task administration (Parsey and Schmitter-Edgecombe 2013), scoring
(Woo 2008), collect normative data (Bilder 2011), and in some cases interpret tests
(Russell 1995, 2000). In addition to administration issues, advantages have been
noted for complexity of stimulus presentation (Gur et al. 2001a, b; Schatz and
Browndyke 2002) and logging of responses (Crook et al. 2009; Woo 2008). Bilder
(2011) has argued that computerized neuropsychological assessments enable pre-
sentation of stimuli and collection of responses that clearly outperform a human
examiner because these computerized assessments have enhanced timing precision
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and can rapidly implement of adaptive algorithms. The enhanced timing precision of
the computer-automated assessment enables implementation of subtle task manip-
ulations and trial-by-trial analysis methods found in cognitive neuroscience. Bilder
argues that these offer greater sensitivity and specificity to individual differences in
neural system function. Relatedly, there is increased interest in Internet-based
assessment and the possibility for acquiring hundreds of thousands of participants in
months. The longitudinal behavioral data garnered from Internet-based assessment
offers potential for the development of repositories that can be stored with electronic
medical records, genome sequences, and each patient’s history.

6 Ecological Validity and Assessment of Everyday
Functioning

While Bilder’s arguments are very similar to the ones made in this book, they do
not include a discussion of the need for ecological validity in neuropsychological
assessments. An unfortunate limitation of most computer-automated neuropsy-
chological measures is that they simply automate construct-driven paper-and-pencil
assessments. The changing role for neuropsychologists has also resulted in
increased emphasis upon the ecological validity of neuropsychological instruments
(Franzen and Wilhelm 1996). An unfortunate limitation for neuropsychologists
interested in assessing everyday functioning has been the lack of definitional
specificity of the term “ecological validity” (Franzen and Wilhelm 1996). Early
attempts to define ecological validity for neuropsychological assessment empha-
sized the functional and predictive relation between a patient’s performance on a set
of neuropsychological tests and the patient’s behavior in everyday life. Hence, an
ecologically valid neuropsychological measure has characteristics similar to a
naturally occurring behavior and can predict everyday function (Sbordone 1996).
Franzen and Wilhelm (1996) refined the definition of ecological validity for neu-
ropsychological assessment via an emphasis upon verisimilitude and veridicality.
By verisimilitude, they meant that the demands of a test and the testing conditions
must resemble demands found in the everyday world of the patient. A test with
verisimilitude resembles a task the patient performs in everyday life and links task
demands to the prediction of real-world behavior (Spooner and Pachana 2006). By
veridicality, they meant that performance on a test should predict some aspect of the
patient’s functioning on a day-to-day basis.

7 Construct-Driven Versus Function-Led Approaches

A refinement of the ecological validity discussion can be found in Burgess and
colleagues’ (2006) suggestion that neuropsychological assessments be developed to
represent real-world “functions” and proffer results that are “generalizable” for
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prediction of the functional performance across a range of situations. According to
Burgess and Colleagues (2006), a “function-led approach” to creating neuropsy-
chological assessments will include neuropsychological models that proceed from
directly observable everyday behaviors backward to examine the ways in which a
sequence of actions leads to a given behavior in normal functioning; and the ways
in which that behavior might become disrupted. As such, he calls for a new gen-
eration of neuropsychological tests that are “function led” rather than purely
“construct driven.” These neuropsychological assessments should meet the usual
standards of reliability, but discussions of validity should include both sensitivity to
brain dysfunction and generalizability to real-world function.

A number of function-led tests have been developed that assess cognitive
functioning in real-world settings. For example, Shallice and Burgess (1991)
developed the multiple errands test (MET) as a function-led assessment of multi-
tasking in a hospital or community setting. However, there are a number of
unfortunate limitations for such tests that are apparent in the obvious drawbacks to
experiments conducted in real-life settings. Function-led neuropsychological
assessments can be time-consuming, require transportation, involve consent from
local businesses, costly, and difficult to replicate or standardize across settings.
Further, data collection in these naturalistic observations tends to be limited.

8 Affective Neuroscience and Clinical Neuropsychology

A further issue for ecological validity is the need for assessments that take seriously
the impact of affective arousal upon neurocognitive performance. While current
approaches to neuropsychological assessment aid our understanding of cognitive
conflict, everyday activities commonly come in the form of emotional distractors.
Social and affective neuroscience studies have found that affective stimuli are
particularly potent distracters that can reallocate processing resources and impair
cognitive (e.g., attention) performance (Dolcos and McCarthy 2006; Pessoa 2008).
Affective responses to emotional distractors may be understood as multimodal
events in response to a stimulus that has particular significance for the participant,
often signifying a potential threat or reward. Affective stimuli are particularly potent
distracters that can reallocate processing resources and impact attentional perfor-
mance (Dolcos and McCarthy 2006). Enhanced understanding of the effect of
threatening stimuli upon executive functions has important implications for affec-
tive disorders (e.g., specific phobias, depression, and post-traumatic stress disorder)
that are characterized by increased susceptibility to affective distraction (Ellis and
Ashbrook 1988; Wang et al. 2008). Although cognitive-based understandings of
brain–behavior relationships have grown in recent decades, the neuropsychological
understandings of emotion remain poorly defined (Suchy 2011). Likewise, neu-
ropsychological assessments often fail to assess the extent to which affective
arousal may impair cognitive performance.
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9 Virtual Environments for Enhanced Neuropsychological
Assessments

Virtual environments (VE) are increasingly considered as potential aids in
enhancing the ecological validity of neuropsychological assessments (Campbell
et al. 2009; Renison et al. 2012). Given that VEs represent a special case of
computerized neuropsychological assessment devices (Bauer et al. 2012; Schatz
and Browndyke 2002), they have enhanced computational capacities for adminis-
tration efficiency, stimulus presentation, automated logging of responses, and data
analytic processing. Since VEs allow for precise presentation and control of
dynamic perceptual stimuli, they can provide ecologically valid assessments that
combine the veridical control and rigor of laboratory measures with a verisimilitude
that reflects real-life situations (Parsons 2011). Additionally, the enhanced com-
putation power allows for increased accuracy in the recording of neurobehavioral
responses in a perceptual environment that systematically presents complex stimuli.
Such simulation technology appears to be distinctively suited for the development
of ecologically valid environments, in which three-dimensional objects are pre-
sented in a consistent and precise manner (Parsons 2011). VE-based neuropsy-
chological assessments can provide a balance between naturalistic observation and
the need for exacting control over key variables (Campbell et al. 2009; Parsons
2011). In summary, VE-based neuropsychological assessments allow for real-time
measurement of multiple neurocognitive abilities in order to assess complex sets of
skills and behaviors that may more closely resemble real-world functional abilities
(Matheis et al. 2007).

10 Plan for This Book

In this book, I aim to discuss the evolution of technological adaptation in neu-
ropsychological assessment. A common theme among neuropsychologists reflect-
ing on the state of the discipline is that neuropsychologists have been slow to adjust
to the impact of technology on their profession (Bigler 2013; Bilder 2011; Dodrill
1999). First, current neuropsychological assessment procedures represent a tech-
nology that has barely changed since the first scales were developed in the early
1900s (i.e., Binet and Simon’s first scale in 1905 and Wechsler’s first test in 1939).
Although neuropsychologists are ardent to emphasize neuropsychology’s role as a
science, its technology is not progressing in pace with other science-based tech-
nologies. Instead, neuropsychological test developers tend to make cosmetic
changes to paper-and-pencil assessments and emphasize improved psychometric
properties (e.g., updated norms, improve subtest and composite reliability). An
unfortunate limitation is that without the technological advances found in neu-
roinformatics and computer adaptive testing, updated neuropsychological test
developers fail to account for back-compatibility issues that may invalidate clinical
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interpretations (Loring and Bauer 2010). A further issue is that while the historical
purpose of clinical neuropsychology was differential diagnosis of brain pathology,
technological advances in other clinical neurosciences (e.g., the development of
neuroimaging) have changed the neuropsychologist’s role to that of making eco-
logically valid predictions about the impact of a given patient’s neurocognitive
abilities and disabilities on everyday functioning. These reasons alone should
prompt neuropsychologists to take seriously the need for technological progress for
a progressive neuropsychology.

Throughout this book, there is an emphasis upon the importance of (1) en-
hancing ecological validity via a move from construct-driven assessments to tests
that are representative of real-world functions—it is argued that this will proffer
results that are generalizable for prediction of the functional performance across a
range of situations; (2) the potential of computerized neuropsychological assess-
ment devices (CNADs) to enhance: standardization of administration; accuracy of
timing presentation and response latencies; ease of administration and data col-
lection; and reliable and randomized presentation of stimuli for repeat administra-
tions; and (3) novel technologies to allow for precise presentation and control of
dynamic perceptual stimuli—provides ecologically valid assessments that combine
the veridical control and rigor of laboratory measures with a verisimilitude that
reflects real-life situations.

Following a discussion of ecological validity, Part II reviews “The Evolution of
Neuropsychological Assessment” and focuses upon the three waves found in the-
oretical formulations of neuropsychological assessment. The organization of this
section is as follows. In Chap. 3, “Neuropsychological Assessment 1.0,” a brief
overview will be given of the historical development of clinical neuropsychology’s
normal science and the current state that is leading to a shift in approaches. In
Chap. 4, “Neuropsychological Assessment 2.0,” current applications of
computer-based neuropsychological assessments are described. In Chap. 5,
“Neuropsychological Assessment 3.0,” a discussion is proffered of the utility of
simulation technology for ecologically valid neuropsychological assessments that
make use of current technological advances.

In Part III, “Next Generation Neuropsychological Applications,” there will be a
discussion of novel technologies and approaches that allow the clinician to reach
patients in novel approaches. In Chap. 6, “Teleneuropsychology: Coming out of the
office,” there will be a discussion of the ways in which electronic communications
may be used to deliver health-related services from a distance, and its particular
usefulness in bringing specialty services to underserved populations and/or remote
areas. Chapter 7, explains about “Gamification of Neurocognitive Approaches to
Rehabilitation.”

In Part IV, “Conclusions,” the book will conclude (Chap. 8) with a presentation
of “Future Prospects for a Computational Neuropsychology.” Herein, there will be
a discussion of the importance of using technology to develop repositories for
linking neuropsychological assessment results with data from neuroimaging, psy-
chophysiology, and genetics.
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Chapter 2
Ecological Validity

And it then becomes necessary to point out that there is
something else–a ‘truthlikeness’ or ‘verisimilitude’–with a
calculus totally different from the calculus of probability with
which it seems to have been confused.

—Karl Popper (p. 219)

Whilst traditional tests of executive function have been
remarkably useful, we are now at the stage in the development
of the field where one could create bespoke tests specifically
intended for clinical applications rather than adapting
procedures emerging from purely experimental investigations,
as has been almost exclusively the case until recently.

—Burgess et al. (2006, p. 194)

Reason is and ought to be the slave of passions, and can never
pretend to any other office save to serve and obey them.

—David Hume (1739/1978, p. 415)

1 Introduction

Over the past twenty years, neuropsychology has experienced a shift in assessment
from lesion localization to assessment of everyday functioning (Hart and Hayden
1986; Heaton and Pendleton 1981; Long 1996; Manchester et al. 2004). Clinical
neuropsychologists are increasingly being asked tomake prescriptive statements about
everyday functioning (Chaytor and Schmitter-Edgecombe 2003; Gioia and Isquith
2004; Olson et al. 2013; Rabin et al. 2007). This new role for neuropsychologists has
resulted in increased emphasis upon the ecological validity of neuropsychological
instruments (Chaytor et al. 2006). As a result, neuropsychologists have been experi-
encing a need to move beyond the limited generalizability of results found in many
earlier developed neuropsychology batteries to measures that more closely approxi-
mate real-world function. A difficult issue facing neuropsychologists interested in
assessment of real-world functioning is the question ofwhat constitutes an ecologically
valid assessment. In the psychology literature, the term “ecological validity” was
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initially understood as the ability to generalize results of laboratory-based (i.e., con-
trolled experiments) to events naturally occurring in the real world (Brunswick 1955).
In cognitive psychology, this question was raised in Ulrich Neiser and Mahzarin
Banaji’s spirited exchange,which revolved around (1)Neisser’s (1982) contention that
the laboratory imposes an artificial situation that does not represent the everydayworld;
and (2) Banaji’s rebuttal that the experimental setting should be kept “pure” and
cleansed of the murky details that characterize ecologically valid settings (e.g., Banaji
and Crowder 1989). In the 1990s, neuropsychologists developed a definition of eco-
logical validity that was specific to neuropsychology (Sbordone 1996; Franzen and
Wilhelm 1996) and a number of ecologically valid assessment tools were developed
(Marcotte and Grant 2009; Tupper and Cicerone 1990, 1991).

In addition to these historical issues and emerging definitions for ecological
validity in neuropsychological assessments, there is a growing desire for “ecolog-
ical validity” to be need more than simple cosmetic changes to represent real-life
situations. Instead, there is a more fundamental issue that the majority of neu-
ropsychological assessments focus upon various aspects of veridical constructs and
neglect the reality that real-life veridical decision making is merely a tool subor-
dinate to adaptive decision making. New issues for ecological validity can be found
in Goldberg’s (2000) contrasting of veridical and agent-centered decision making;
as well as Burgess et al.’s (2006) discussions of the need for “function-led
approaches” to neuropsychological models and assessments. There is also a
growing interest in the interplay of “cold” cognitive processing (linked to dorsal
and lateral regions of the prefrontal cortex) of relatively abstract, context-free
information, and “hot” cognitive processing (linked to the functioning of the
orbitofrontal cortex) involved when emotionally laden information is present
(Fonseca et al. 2012; Kerr and Zelazo 2004; Rossier and Sahakian 2013; McDonald
2013; Unsworth et al. 2005).

The plan of this chapter will be as follows: In Sect. 2, “The Everyday/Laboratory
Research Conflict,” therewill be a reviewofNeiser andBanaji’s debate about whether
the laboratory imposes an artificial situation that does not represent the everyday
world. In Sect. 3, “Early Attempts at a Neuropsychology-Specific Definition of
Ecological Validity,” the discussion will be extended to early attempts to offer a
definition of ecological validity thatwas specific to neuropsychology. Section 4 builds
on ideas from Burgess and colleagues (2006) and presents “Construct-Driven and
Function-Led Approaches to Neuropsychological Assessment.” Herein, the case of
Burgess et al. (2006) is presented that argues for a “function-led approach” to models
and assessments that proceed backward from a directly observable everyday behavior
to measure the ways in which a set of actions lead to a given behavior in normal and
disrupted processing. In Sect. 5, “Veridical and Actor-Centered Decision Making,”
the reader is presented with Goldberg’s (2000) contention that existing neuropsy-
chological procedures assess veridical, but not agent-centered, decision making,
which limits the tests’ ecological validity because most real-life decision making is
agent-centered and adaptive, rather than veridical. In Section 6, “Importance of
Affective States for Cognitive Processing,” a final addition for improving our
understanding of ecological validity is proffered that includes an enhancement of
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ecological validity via the inclusion of the interplay of “cold” cognitive processing of
relatively abstract, context-free information, and “hot” cognitive processing involved
when emotionally laden information.

2 The Everyday/Laboratory Research Conflict

The issue of ecological validity in psychological assessment has been expressed a
number of times over the years via discussions of the limitations of generalizing
sterile laboratory findings to the processes normally occurring in people’s everyday
lives. In 1978, Neisser proffered an opening address at the first International
Conference on Practical Aspects of Memory, in which he argued for an ecologically
valid approach to memory assessment (published in Neisser 1982). Neisser offered
three main challenges to memory research: (1) the traditional approach has resulted
in only few new discoveries; (2) the preoccupation with broad theoretical issues
(e.g., mechanisms of forgetting) has resulted in a neglect of questions relevant to
everyday life (e.g., the forgetting of appointments); and (3) the majority of the
experiments were conducted in artificial settings and employed measures that have
few counterparts in everyday life (e.g., unrelated wordlists). In Neisser’s view, such
research lacks “ecological validity.” Hence, Neisser was arguing that the findings
from many traditional cognitive assessments have not been demonstrated to gen-
eralize beyond the narrow laboratory context.

It is important to note, however, that an essential tension exists between persons
striving for ecological validity and persons interested in maintaining experimental
control. In 1989, Banaji and Crowder countered Neisser’s arguments with the claim
that the naturalistic study of memory has not been productive. They contended that
the ecological approach to neurocognitive research is inconsequential and that
scientific progress necessitates greater emphasis on experimental control. As Banaji
and Crowder have challenged, if neurocognitive measures fail to establish internal
validity, then one can conclude nothing from study findings. Following Banaji and
Crowders’s paper, a special issue of the American Psychologist (1991) was devoted
to replies to the original article. A number of perspectives were presented related to
the issue of whether memory capabilities that are called upon in the laboratory are
similar to real-life tasks. From a neuropsychological perspective, these discussions
would have been aided by then-current discussions in the neuropsychological lit-
erature on prospective memory (Meacham 1982) and the ways in which various
environmental factors may define how memory deficits interact with other deficits
(Schacter 1983). In addition to memory, there were other domains being discussed
at that time from an ecological perspective: problem solving (Sinnott 1989);
intelligence (Rogoff and Lave 1984; Sternberg and Wagner 1986); and catego-
rization (Neisser 1987). In 1993, Barbara Wilson (1993) reflected on the Neisser
and Banaji debate and called for a rapprochement (at least for neuropsychologists)
that included a comprehensive range of neuropsychological assessments for
evaluating the patient’s current neuropsychological condition and potential for
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returning to everyday life in a community. While there was a great deal of con-
troversy over whether cognitive assessment should emphasize standardized,
laboratory-based methods, or more observational and naturalistic assessment
practices (e.g., Banaji and Crowder 1989; Conway 1991; Neisser 1978), the debate
has since subsided (deWall et al. 1994).

An issue that came up during the discussion of cognitive assessment of everyday
functioning was the specificity of many of the skills needed for activities of daily
living. Given the great variability among the skills needed for various daily
activities, there may not be enough similarity available to allow for an adequate
study of the skills (Tupper and Cicerone 1990, 1991). Williams (1988) suggested
that neuropsychologists interested ecological validity need to define clusters of
skills needed for a given task relative to whether the skill is used in many tasks
across environments (i.e., generic) or used in new tasks in a limited number of
environments (i.e., specific). According to Williams, this would allow for the use of
traditional testing procedures for assessing skills that are used in many tasks across
environments. However, functionally based test measures would need to be
developed for skills used in new tasks in a limited number of environments. The
work of Williams and others prompted a need for a more refined definition of
ecological validity for the theory and praxes of clinical neuropsychology.

3 Early Attempts at a Neuropsychology-Specific Definition
of Ecological Validity

The traditional approach to neuropsychological assessment included measures used
for the purpose of diagnosing brain lesions or uncovering the behavioral conse-
quences of those lesions (Lezak 1983). However, in the 1980s, a change in referral
questions marked a shift from the “deficit measurement paradigm” described by
Lezak to a new paradigm included emphasis upon functional competence (Chelune
and Moehle 1986). The advent of neuroimaging changed the way clinical neu-
ropsychologists answered referral questions. Clinical neuropsychologists have
experienced a shift in assessment from lesion localization to assessment of
everyday functioning (Long 1996). With the advent and development of
advanced technologies in the clinical neurosciences, there was decreased need
for neuropsychological assessments to localize lesions and an increased need
for neuropsychologists to describe behavioral manifestations of neurological
disorders. Clinical neuropsychologists were increasingly being asked to make
prescriptive statements about everyday functioning (Sbordone and Long 1996).
This new role for neuropsychologists resulted in increased emphasis upon the
ecological validity of neuropsychological instruments (Franzen and Wilhelm 1996).

In his presidential address to the International Neuropsychology Society in 1981,
Rourke (1982) described a gradual change in the practice of clinical neuropsy-
chology from diagnostic assessments to more functional examinations. According to
Rourke, the history of neuropsychology could be understood (at that point in time) as
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a three-stage continuum: (1) static phase, during which neuropsychologists focused
more on relating performance on cognitive tests to well-documented lesions than to
the cognitive nature of the tasks that were administered; (2) cognitive phase, during
neuropsychologists began analyzing the cognitive task demands of various neu-
ropsychological measures; and (3) dynamic phase, during which neuropsychologists
began taking into consideration both brain development and individual differences.
Support for Rourke’s continuum is evidenced by the neuropsychologists in the
1980s that began to recognize the growing need for neuropsychological measures
that could provide sufficient information concerning their effects on a functional
level (Mapou 1988). This became especially important as neuropsychologists
observed that brain imaging and other neurological techniques becoming more
sophisticated. They reasoned that the advent and development of neuroimaging
would result in a decrease in neuropsychological assessments for localizing lesions
and an increase in use for behavioral manifestations of neurological disorders (Costa
1983). As a result, the content of neuropsychological batteries needed to be ree-
valuated and the clinical utility of the assessment was less determined by its sen-
sitivity to the organic integrity of the brain. Instead, neuropsychological assessments
should be evaluated based upon the extent to which each assessment provides
information useful in the prediction of functional consequences (Mapou 1988). An
unfortunate limitation of this period is that efforts to operationalize assessment
models tended to focus on laboratory or clinical performance tests (Welsh and
Pennington 1988; Welsh et al. 1991), with their inherent construct and measurement
problems (Pennington et al. 1996; Rabbit 1997).

In the neuropsychological literature, the terms “ecological validity” and “ev-
eryday functions” can be found in increasing use during the 1990s (Tupper and
Cicerone 1990, 1991). During that time, neuropsychologists were progressively
aware of the importance of their findings for real-world activities (Sbordone and
Long 1996). As a result, there were amplified discussions in the literature evalu-
ating neuropsychological tests and assessment techniques. An unfortunate limita-
tion for neuropsychologists interested in assessing everyday functioning was the
lack of definitional specificity of the term “ecological validity” (Franzen and
Wilhelm 1996). Early attempts to define ecological validity for neuropsychological
assessment emphasized the functional and predictive relation between a patient’s
performance on a set of neuropsychological tests and the patient’s behavior in
everyday life. Hence, an ecologically valid neuropsychological measure has char-
acteristics similar to a naturally occurring behavior and can predict everyday
function (Sbordone 1996). Franzen and Wilhelm (1996) refined the definition of
ecological validity for neuropsychological assessment via an emphasis upon two
requirements: (1) verisimilitude: the demands of a test and the testing conditions
resemble demands in the everyday world of the patient; and (2) veridicality: the
performance on a test predicts some aspects of the patient’s functioning on a
day-to-day basis. According to Franzen and Wilhelm (1996), “verisimilitude”
overlaps with face validity and describes the “topographical similarity” (i.e., the-
oretical relation) between the method by which the data were collected and the
skills required for successful praxes in the natural environment of the patient
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(Franzen 2000). In addition to the task demands of a given neuropsychological task,
verisimilitude requires a consideration of the testing environment and methods.
While a neuropsychologist may argue that the task demands of learning a recalling
a list of words has “theoretical” similarity to the sorts of tasks that a patient might
be required to perform in their everyday lives, the actual “praxes” of this task may
be more representative of a laboratory experiment: words presented at a controlled
rate, the task is performed free from distractions, and there are repeated opportu-
nities to learn the list of words. Hence, the administrative controls that are in place
to ensure reliability and internal validity may underestimate the implications of a
patient’s cognitive difficulties in everyday life and overestimate functional diffi-
culties (e.g., patient may use compensatory strategies in their everyday world).

To require the verisimilitude component of ecological validity for a neuropsy-
chological assessment means that the measure needs to resemble a task the patient
performs in everyday life. Further, the test is developed while maintaining the
relationship between task demands and the prediction of real-world behavior
(Spooner and Pachana 2006). Early discussions of verisimilitude in neuropsy-
chology emphasized that the technologies current to the time could not replicate the
environment in which the behavior of interest would ultimately take place
(Goldstein 1996). Further, most neuropsychological assessments in use today are
yet to be validated with respect to real-world functioning (Rabin et al. 2007). There
are a few examples of neuropsychological assessments that emphasize verisimili-
tude in approximating cognitive constructs: (1) attention, the Test of Everyday
Attention (Robertson et al. 1996); (2) executive function, the Behavioral
Assessment of the Dysexecutive Syndrome (Wilson et al. 1996); (3) memory: the
Rivermead Behavioral Memory Test (Wilson et al. 1985); and (4) prospective
memory, Cambridge Test of Prospective Memory (CAMPROMPT; Wilson et al.
2004). It is important to note that these “verisimilitude” assessments are somewhat
conflicted in that while they focus on cognitive “constructs” (e.g., attention,
executive function, memory), they are used for identifying “functional” abilities
(Chaytor and Schmitter-Edgecombe 2003). Hence, an obvious question for the
verisimilitude approach is whether the assessment of functional capacity can offer
the neuropsychologist data relevant for understanding cognitive constructs dis-
rupted relative to brain dysfunction.

Franzen and Wilhelm’s (1996) second requirement for establishing an ecologi-
cally valid neuropsychological assessment is that it meets the requirements of
“veridicality,” or the degree to which performance on a test predicts some aspect of
the patient’s everyday functioning. An unfortunate limitation of most neuropsy-
chological tests is that little is known about prediction of everyday behavior from
neuropsychological tests. Further, such an analysis is complicated by the difficulties
inherent in capturing an individual’s functioning in a reliable and valid numerical
fashion. A number of studies have correlated neuropsychological test data with the
patient’s vocational status (Bayless et al. 1989) and/or vocational functioning
(Lysaker et al. 1995). Another approach has been to correlate neuropsychological
test data with rating scales designed to assess aspects of daily functioning (Dunn
et al. 1990). An unfortunate limitation of the veridicality approach is that direct
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parallels between the demands found on traditional neuropsychological assessments
and functional performance are often not evident (Makatura et al. 1999; Wilson
1993; Wilson et al. 1989).

4 Construct-Driven and Function-Led Approaches
to Neuropsychological Assessment

A recent development in the ecological validity discussion was introduced by
Burgess and colleagues (2006) when they presented an analysis of neuropsychol-
ogy’s adaptation of outmoded conceptual and experimental frameworks. Burgess
et al. proffer current construct-driven tests as examples of measures that fail to
represent the actual functional capacities inherent in cognitive (e.g., executive)
functions. They point out that cognitive construct measures such as the Stroop and
Tower of London were not originally designed to be used as clinical measures
(Burgess et al. 2006). Instead, these measures were found to be useful tools for
cognitive assessment and normal populations and then later found their way into the
clinical realm to aide in assessing constructs that are important to carrying out
real-world activities. For example, if a patient’s performance on the Stroop revealed
difficulty inhibiting an automatic, over learned response, a neuropsychologist may
be compelled to report caution relative to an aging patient’s driving—safe driving
of an automobile includes the ability to withhold an over learned behavior to press
the brakes if a traffic light turns red when the driver is halfway through the inter-
section. An unfortunate limitation of this approach to predicting everyday func-
tioning is that it forces the neuropsychologist to rely on measures designed for other
purposes. Goldstein (1996) questioned this approach because it is difficult to
ascertain the extent to which performance on measures of basic constructs translates
to functional capacities within the varying environments found in the real world.
A decade letter, Burgess et al. (2006) agree and argue that a further issue is that we
need assessments that further our understanding about the ways in which the brain
enables persons to interact with their environment and organize everyday activities.
Instead of using the terms “verisimilitude” and “veridicality” when discussing
“ecological validity,” they use the term “representativeness” to discuss the extent to
which a neuropsychological assessment corresponds in form and context to a
real-world (encountered outside the laboratory) situation. They use the term
“generalizability” to discuss the degree to which poor performance on a neu-
ropsychological assessment will be predictive of poor performance on tasks outside
the laboratory.

For example, one of the most widely used measures of executive function is the
Wisconsin Card Sorting Test (WCST Heaton et al. 1993). The most extensive
normative data are derived from an administration of the WCST that utilizes paper
cards. The stimulus cards are administered by an experimenter on one side of a desk
as he/she faces a participant on the other side of the desk. Participants are presented
with a number of stimulus cards and instructed to match these stimulus cards to
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target cards. Although participants are not told how to match the cards, they are
informed whether a particular match is correct or incorrect. It is important to note
that the WCST (like many paper-and-pencil tests in use today) was not originally
developed as a measure of executive functioning. Instead, the WCST was preceded
by a number of sorting measures that were developed from observations of the
effects of brain damage (e.g., Weigl 1927). Nevertheless, in a single study by
Brenda Milner (1963), patients with dorsolateral prefrontal lesions were found to
have greater difficulty on the WCST than patients with orbitofrontal or nonfrontal
lesions. However, the majority of neuroimaging studies have found activation
across frontal and nonfrontal brain regions and clinical studies have revealed that
the WCST does not discriminate between frontal and nonfrontal lesions (Nyhus and
Barcelo 2009; Stuss et al. 1983). Further, while data from the WCST do appear to
provide some information relevant to the constructs of “set shifting” and “working
memory,” the data do not necessarily offer information that would allow a neu-
ropsychologist to predict what situations in everyday life require the abilities that
the WCST measures.

Burgess et al. (2006) suggest that future development of neuropsychological
assessments should result in tests that are “representative” of real-world “func-
tions” and proffer results that are “generalizable” for prediction of the functional
performance across a range of situations. According to Burgess et al. (2006) a
“function-led approach” to creating neuropsychological assessments will include
neuropsychological models that proceed from directly observable everyday
behaviors backward to examine the ways in which a sequence of actions leads to a
given behavior in normal functioning; and the ways in which that behavior might
become disrupted. As such, call for a new generation of neuropsychological tests
that are “function led” rather than purely “construct driven.” These neuropsycho-
logical assessments should meet the usual standards of reliability, but discussions of
validity should include both sensitivity to brain dysfunction and generalizability to
real-world function.

4.1 Function-Led Tests that Are Representative
of Real-World Functions

A more ecological approach to neuropsychological assessment is to move from
construct-driven assessments to tests that are “representative” of real-world
“functions” and proffer results that are “generalizable” for prediction of the func-
tional performance across a range of situations. According to Burgess et al. (2006),
a “function-led approach” to creating neuropsychological assessments will include
neuropsychological models that proceed from directly observable everyday
behaviors backward to examine the ways in which a sequence of actions leads to a
given behavior in normal functioning; and the ways in which that behavior might
become disrupted. As such, he calls for a new generation of neuropsychological
tests that are “function led” rather than purely “construct driven.” These
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neuropsychological assessments should meet the usual standards of reliability, but
discussions of validity should include both sensitivity to brain dysfunction and
generalizability to real-world function. A number of investigators have argued that
performance on traditional neuropsychological construct-driven tests (e.g.,
Wisconsin Card Sorting Test, Stroop) has little correspondence to activities of daily
living (Bottari et al. 2009; Manchester et al. 2004; Sbordone 2008). According to
Chan et al. (2008), most of these traditional construct-driven measures assess at the
veridicality level and do not capture the complexity of response required in the
many multistep tasks found in everyday activities.

4.2 Real-World Assessments Using the Multiple Errands
Tasks: Potential and Limitations

A number of function-led tests have been developed that assess cognitive func-
tioning in real-world settings. For example, Shallice and Burgess (1991) developed
the multiple errands test (MET) as a function-led assessment of multitasking in a
hospital or community setting. Participant performs a number of relatively simple
but open-ended tasks (e.g., buying particular items, writing down specific infor-
mation, traveling to a specific location) without breaking a series of arbitrary rules.
The examiner observes the participant’s performance and writes down the number
and type of errors (e.g., rule breaks, omissions). The MET has been shown to have
increased sensitivity (over construct-driven neuropsychological tests) to elicit and
detect failures in attentional focus and task implementation. It has also been shown
to be better at predicting behavioral difficulties in everyday life (Alderman et al.
2003). However, there are a number of unfortunate limitations for the traditional
MET that are apparent in the obvious drawbacks to experiments conducted in
real-life settings. Function-led neuropsychological assessments can be
time-consuming, require transportation, involve consent from local businesses,
costly, and difficult to replicate or standardize across settings (Logie et al. 2011;
Rand et al. 2009). Further, there are times when function-led assessments in
real-world settings are not feasible for participants with significant behavioral,
psychiatric, or mobility difficulties (Knight and Alderman 2002).

In summary, early discussions of verisimilitude in neuropsychology emphasized
that the technologies current to the time could not replicate the environment in
which the behavior of interest would ultimately take place. Today, most neu-
ropsychological assessments continue to represent outdated technologies and static
stimuli that are yet to be validated with respect to real-world functioning. While
much of the early discussion of ecological validity reflected an emphasis upon
veridicality and verisimilitude, Burgess and colleagues (2006) have updated the
discussion to include differentiating of construct-driven assessments from
function-led neuropsychological assessments.
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5 Veridical and Actor-Centered Decision Making

Over the past 30 years, there has been growing concern in the field of neuropsy-
chology about the ecological validity of neuropsychological tests. While this con-
cern often takes the prosaic form of elaborating the cognitive tasks with the surface
features of real-life situations, little is done to adjust the assessments to measure
real-world adaptive decision making. Goldberg and Podell (2000) contend that
neuropsychological assessments need more than simple cosmetic changes to rep-
resent real-life situations. Instead, there is a more fundamental issue that the majority
of neuropsychological assessments focus upon various aspects of veridical decision
making and neglect the reality that real-life veridical decision making is merely a
tool subordinate to adaptive decision making (Goldberg and Podell 1999). Given
that many existing neuropsychological tests assess more narrow veridical than
real-world adaptive (Goldberg (2012) also refers to this as “agent-centered”) deci-
sion making, the neuropsychologist may not be collecting the data relevant to
documentation of the full essence of the patients cognitive strengths and weaknesses.

The distinction made by Goldberg and colleagues (1999, 2000, 2005, 2009, 2012)
includes a dichotomy between “veridical” and “agent-centered” cognition. By
“veridical,” Goldberg means that cognition is directed at solving problems charac-
terized by agent-dependent choices that are fundamentally “true” and “false.” These
choices range from simple (e.g., 2 + 2 = ?) to complex (what day of the week will be
September 11, 3001?). This agent-dependent decision making is contrasted with the
sorts of agent-centered and “adaptive” decisions that occur in real life. This
agent-centered decision ranges from simple (e.g., choosing from a restaurant menu) to
decisions that will impact the agent’s life (e.g., career decisions). For these
agent-centered decisions, the dichotomous “true–false”metric does not apply because
asserting that salad is an intrinsically correct choice and soup is an intrinsically false
choice is self-refuting. Of course, this also holds for life decisions like the assertion
that a doctoral degree in “clinical neuropsychology” is an intrinsically correct choice
and one in “engineering” is an intrinsically false choice (Goldberg et al. 2012).

While this distinction is often underemphasized in clinical neuropsychology, it is
central to understanding the nature of the patient’s decision making. This is espe-
cially true when making decisions about a patient’s competency for making car-
dinal decisions—such decisions are agent-centered, while veridical cognition serves
a supportive role. Unfortunately, the vast majority of cognitive paradigms used in
neuropsychological assessment are notoriously devoid of appropriate tools to study
“agent-centered” cognition. Much of this is due to the traditional focus on
assessment of veridical aspects of cognition in highly contrived, artificial, labora-
tory situations. This explains why many purported cognitive measures have noto-
riously poor ecological validity and why patients with prefrontal lesions have
real-life problems even though they do well on neuropsychological tests purported
to assess prefrontal functions (Sbordone 2010).

It is interesting to note that although cognitive neuroscience researchers have
begun investigating various innovative paradigms that depart to various degrees
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from the traditional “veridicality” approaches (Lieberman and Eisenberger 2005;
Nakao et al. 2009, 2010, 2012); Paulus and Frank 2003; Johnson et al. 2005; Volz
et al. 2006), very little of these developments are found in emerging clinical neu-
ropsychology approaches. Instead, neuropsychologists tend to cling to outmoded
paradigms (e.g., Wisconsin Card Sorting Test; Stroop Test) that are veridical in
nature. In order to correct this situation, Goldberg argues for the creation of a new
generation of cognitive paradigms that are devoid of the “true–false” metric and
based on subjective preference. Goldberg has developed the cognitive bias test
(CBT) as a nonveridical agent-centered assessment (Goldberg et al. 1994a, b, 1997;
Goldberg and Podell 1999; Podell et al. 1995). The CBT is an inherently
ambiguous, multiple-choice task in which the patient is presented with cards that
have geometric designs on them. Each geometric design is categorized along five
binary dimensions, which allows for a comparison in dimensional similarity
between any two cards. After the examiner presents the patient with a target card,
two choice cards are presented simultaneously in a vertical alignment below the
target card. The patient is asked to look at the target card and then choose one of the
two choice cards that the patient likes best. The two choice cards are characterized
by different degrees of dimensional similarity to the target card. As a result, the
subject must select the choice card that is more different from, or similar to the
target card. Following 60 trials, the patient’s choice pattern is quantified. The CBT
has two patterns of response: (1) The patient can respond in a highly
context-dependent pattern in which the patient consistently chooses either the most
different or the most similar choice card; or (2) The patient can respond in a
context-invariant pattern in which the patient’s choice is not based on a consistent
comparison to the target (i.e., disregard for context), but rather some subjective
dimensional, sensory preference.

The inherent ambiguity of the CBT allows for a novel approach to ecological
validity that assesses actor-centered, adaptive decision making that is based on an
agent’s priorities. With the CBT, neuropsychologists have the first steps toward a
future possible neuropsychological assessment that moves beyond a veridical,
actor-independent decision making that requires a correct response intrinsic to the
external situation. When contrasted with tests like the WCST that depend on
veridical decision making, the CBT allows neuropsychologists to measure
actor-centered decision making. Goldberg believes that the CBT better elucidates
the functions of the frontal lobes and in a more ecologically valid way (Goldberg
and Podell 1999, 2000).

6 Importance of Affective States for Cognitive Processing

Historically, much of psychology has been understood as comprising three related
fields: cognition, affect, and motivation. Until recently, cognitive psychology has
been the most extensively studied of the three, with affect and motivation being
rather neglected. According to Baddeley (1981), the major reason for this is that
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cognition can be studied relatively easily in the laboratory whereas affect and
motivation require assessment of real-world activities. In recent years, cognitive
neuropsychology has witnessed a resurgence of interest in (1) going beyond the
artificial situation of the laboratory to assessments that reflect the everyday world
(Neisser 1982); and (2) bringing together studies of cognition, emotion, and
conation (Masmoudi et al. 2012). In fact, research on emotions is increasingly
found in the literature: affective neuroscience (Adolphs et al. 2002; Ledoux 1996),
neuroscience of psychopathology (Kohler et al. 2010), and clinical neuropsychol-
ogy (Stuss and Levine 2002).

While the discussion of laboratory versus real-world assessment was discussed
in the 1980s (see above), the latter issue of bringing together studies of cognition,
emotion, and conation is something that is increasingly being discussed in terms of
affective neuroscience (Panksepp 1998). Although the terms “cognition,” “moti-
vation,” and “emotion” as important drivers for theory development and praxes in
behavioral neuroscience research, the term “cognition” has been increasingly
overused and misused since the cognitive revolution. According to Cromwell and
Panksepp (2011), this has resulted in deficient development of a usable shared
definition for the term “cognition.” They argue that this deficiency raises concerns
about a possible misdirection of research within behavioral neuroscience. For
Cromwell and Panksepp, the emphasis upon top-down (cortical → subcortical)
perspectives tends to dominate the discussion in cognitive-guided research without
concurrent noncognitive modes of bottom-up developmental thinking. They believe
that this could hinder progress in understanding neurological and psychiatric dis-
orders. As an alternative, they emphasize inclusion of bottom-up (subcortical →
cortical) affective and motivational “state-control” perspectives. The affective
neuroscience approach represents a more “embodied” organic view that accepts that
cognitions are integrally linked to both our neurology as well as the environments
in which we operate (Smith and Gasser 2005; Panksepp 2009, 2010).

The affective neuroscience critique that top-down perspectives tend to dominate
the discussion in cognitive-guided research is readily applicable to the contempo-
rary approach to neuropsychological assessment. Although cognitive-based
understandings of brain–behavior relationships have grown in recent decades, the
neuropsychological understandings of emotion remain poorly defined (Suchy
2011). While current approaches to neuropsychological assessment aide our
understanding of cognitive conflict, everyday activities commonly come in the form
of emotional distractors. Social and affective neuroscience studies have found that
affective stimuli are particularly potent distracters that can reallocate processing
resources and impair cognitive (e.g., attention) performance (Dolcos and McCarthy
2006; Pessoa 2008). Affective responses to emotional distractors may be under-
stood as multimodal events in response to a stimulus that has particular significance
for the participant, often signifying a potential threat or reward. Affective stimuli are
particularly potent distracters that can reallocate processing resources and impact
attentional performance (Dolcos and McCarthy 2006). Enhanced understanding of
the effect of threatening stimuli upon executive functions has important implica-
tions for affective disorders (e.g., specific phobias, depression, and post-traumatic
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stress disorder) that are characterized by increased susceptibility to affective dis-
traction (Ellis and Ashbrook 1988; Wang et al. 2008). As one precondition for a
specific affective experience, emotion may include automatic and controlled
recognition and evaluation of a stimulus. In addition to the appraisal of a stimulus,
affective reactions are characterized by psychophysiological changes (e.g., alter-
ations in skin conductance and heart rate; as well as behavioral approach or
avoidance) and involve a number of subcomponents occurring in frontal subcortical
circuits (Bonelli and Cummings 2007; Pessoa 2009; Ray and Zald 2012).

According to models of neurovisceral integration, autonomic, attentional, and
affective systems are simultaneously engaged in the support of self-regulation
(Critchley 2005; Thayer and Lane 2000, 2009). Working from a neurovisceral
integration model, Capuana et al. (2014) examined whether increase in difficulty of
an executive-control task increases would increase the need for cardiac autonomic
regulation in maintaining effective cognitive control. Results indicate that pretask
respiratory sinus arrhythmia predicted accuracy best on a Stroop task when errors
resulted in financial loss. Greater respiratory sinus arrhythmia has also been found
when participants have had to execute correct responses more quickly in the context
of an emotional Stroop task (Mathewson et al. 2010). Several studies using the
classical Stroop paradigm have found performance-related reductions in heart rate
and respiratory sinus arrhythmia (e.g., Boutcher and Boutcher 2006; Delaney and
Brodie 2000; Waldstein et al. 1997; Wright et al. 2007). Another psychophysio-
logical metric that has been found to increase as workload increases is skin con-
ductance. During the Stroop task, incongruent stimuli, associated with a higher
degree of task difficulty than congruent stimuli, has been found to elicit larger skin
conductance responses (Kobayashi et al. 2007). Increased task difficulty using an
n-back task also results in increased skin conductance levels (Mehler et al. 2009).
Additionally, numerous studies using various cognitive tasks have evidenced
increased heart rate associated with increased cognitive workload (e.g., Carroll et al.
1986; Kennedy and Scholey 2000; Mehler et al. 2009; Sloan et al. 1991). An
increase in respiratory rate has been consistently associated with increased cogni-
tive demand (e.g., Backs and Selijos 1994; Brookings et al. 1996; Mehler et al.
2009).

Models of affective–cognitive interactions reveal two cortical–subcortical net-
works that play vital and dissociable roles in human emotion and cognition (Dolcos
and McCarthy 2006). In a functional connectivity magnetic resonance imaging
study, Seeley et al. (2007) identified these two cortical–subcortical networks as
follows: (1) an “executive-control network” that links dorsolateral frontal and
parietal neocortices; and (2) a “salience network” anchored by dorsal anterior
cingulate (dACC) and orbital frontoinsular cortices with robust connectivity to
subcortical and limbic structures. The “executive-control network” reflects brain
regions and processes associated with active maintenance of goal-relevant behavior.
The “salience network” includes brain regions and processes typically associated
with affective processing. While the executive-control network is frequently
coactivated with the salience network in tasks of attention, working memory, and
response selection, the salience network also activates in response to threats.
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Increased arousal may impact the processing of salient information and enhance the
contrast between stimuli with different levels of salience (Critchley 2005).

The distinction of cognitive processes in this dual pathway approach has simi-
larities to a neuropsychological subdivision of cognitive control (Zelazo et al.
2003). Zelazo et al. (2003) differentiate between “cold” cognitive control (the
executive dysfunction pathway) and “hot” affective aspects of cognitive control (the
motivational dysfunction pathway). In a similar fashion, Nigg (2000, 2001) dis-
tinguishes between behavioral inhibition (i.e., response inhibition) and motivational
inhibition (i.e., personality and motivation). In Sonuga-Barke’s (2003) neuropsy-
chological research, these different aspects of inhibition have been shown to be
related to different brain networks. The distinction between “cold” cognitive rea-
soning and “hot” affective processing has been studied in decision neuroscience.
While “cold” cognitive processing tends to be relatively logic-based and free from
much affective arousal, “hot” affective processing occurs in the face of reward and
punishment, self-regulation, and decision making involving personal interpretation
(Ardila 2008; Brock et al. 2009; Chan et al. 2008; Grafman and Litvan 1999;
Happaney et al. 2004; Seguin et al. 2007). A number of studies have found that
impairments in either the “cold” or “hot” cognitive functions may be related to
deficits in everyday functioning (e.g., independence at home, ability to work, school
attendance, and social relations (Goel et al. 1997; Grafman et al. 1996; Green 1996;
Green et al. 2000; see Chan et al. 2008 for review).

The idea of “hot” decision making is consistent with the somatic marker
hypothesis (Bechara 2004; Bechara and Damasio 2005; Bechara et al. 1997, 1998;
Damasio 1996). Damasio (1994, 1996) suggested a somatic marker hypothesis
approach to decision making, in which the experience of an emotion (e.g., “gut
feeling” and “hunch”) results in a “somatic marker” that guides decision making.
According to Damasio (1994), the somatic marker is hypothesized to play a role in
“hot” decision making in that it assists the “cold” decision making process by
biasing the available response selections in a complex decision making task.
According to the somatic marker hypothesis, when persons are faced with decisions,
they experience somatic sensations (i.e., somatic markers) that occur in advance of
real consequences of possible different alternatives (Bechara et al. 1997). These
somatic markers act as affective catalysts for decision making, in which distinct
alternatives are evaluated via somatic sensations that guide adaptive decision making
(Damasio 1996). The ventromedial prefrontal cortex (VMPFC) and its limbic system
connections are considered key structures in the somatic marker hypothesis and the
decision making process (Bechara et al. 1997, 1998). However, the neuropsycho-
logical assessment of the VMPFC remains somewhat enigmatic as patients tend to
have both an appearance of normality on most neuropsychological tests and also
problems in their everyday lives (Zald and Andreotti 2010).

The somatic marker hypothesis was originally proposed to account for a sub-
group of patients with VMPFC (i.e., orbitofrontal) lesions who appeared to have
intact cognitive processing, but had lost the capacity to make appropriate life
decisions. According to Damasio (1994), they had lost the ability to weigh the
positive and negative features of decision-based outcomes. The Iowa gambling task
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(IGT; Bechara et al. 1994; Bechara 2007) was developed to assess these patients
and is increasingly being accepted as a neuropsychological measure of affect-based
decision making (Bowman et al. 2005). The IGT is a computerized assessment of
reward-related decision making that measures temporal foresight and risky decision
making (Bechara et al. 1994; Bechara 2007). During IGT assessment, the patient is
instructed to choose cards from four decks (A–D). Selection of each card results in
on-screen feedback regarding either a “gain” or “loss” of currency. In the four
decks, there are two advantageous (C and D) decks that result in money gained
($250 every 10 cards) and low monetary loss during the trial. The other two decks
(A and B) are disadvantageous and involve greater wins (around $100 each card)
than C and D (around $50) but also incur greater losses, meaning that one loses
$250 every 10 cards in Decks A and B. The primary dependent variables derived
from the IGT are total score and net score ([C + D]–[A + B]) and block score
([C + D]–[A + B]) for each segment or block of 20 cards, frequency of deck
choices, and spared or impaired performance according to a cutoff point of −10
(Bechara et al. 2000) especially in brain-damaged subjects.

Neuroimaging studies of persons performing the IGT have revealed activation in
the orbitofrontal cortex (Ernst et al. 2002; Grant et al. 1999; Windmann et al. 2006),
which appears to be significant for signaling the anticipated rewards/punishments of
an action and for adaptive learning (Schoenbaum et al. 2011). Evidence for the
somatic marker hypothesis’s role in hot decision making over IGT trials can be
found in the demonstration of an anticipatory electrodermal response in healthy
controls to card selection (Bechara et al. 1996, 1997). For example, prior to
selecting a card from a risky deck, a healthy control will show a physiological
reaction indicating that the participant is experiencing bodily the anticipated risk.
Further, studies have shown that damage to vmPFC (part of the orbitofrontal cortex)
and the amygdala prevents the use of somatic (affective) signals for advantageous
decision making (Bechara et al. 1996, 1998; Bechara et al. 2000). It is noteworthy
that there are different roles played by the ventromedial prefrontal cortex (vmPFC)
and amygdala in decision making. While vmPFC patients were able to generate
electrodermal responses when they received a reward or a punishment, amygdala
patients failed to do so (Bechara et al. 1999). These findings have been supported in
other that have found positive correlations between the development of anticipatory
skin conductance responses and better performance on a similar gambling task
(Crone et al. 2004; Carter and Pasqualini 2004).

It is important to note that alternative explanations of Bechara’s findings have
been posited. Tomb et al. (2002) suggested that the anticipatory responses are
related to the belief that the risky choice will probably produce a large reward—
higher immediate short-term benefits of the risky decks ($100 versus $50).
According to Tomb et al. (2002), the anticipatory SCR effect is unrelated to any
long-term somatic marker mechanism. Nevertheless, Tomb et al.’s (2002) account
does not readily explain deficient performance in ventromedial PFC patients. While
these patients fail to develop an anticipatory response to the decks with immediate
short-term benefits, they also prefer these decks throughout the task (Clark and
Manes 2004).
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While the IGT may have potential for assessment of “hot” affective processing
(Baddeley 2011), there have been failures to replicate the initial studies (Hinson
et al. 2002, 2003). Whereas data from Bechara et al.’s (1998) early studies sug-
gested normal performance of patients with dorsolateral prefrontal lesions, a
number of later studies indicate significant effects of lesions that include either
dorsolateral or dorsomedial prefrontal cortex regions (Manes et al. 2002: Clark et al.
2003). Further, researchers have argued that the IGT is deficient for understandings
the affective impact of emotional stimuli upon cognitive processing because (1) the
observed effects on the IGT may simply be cognitive (not affective) demands placed
resulting from such a complex decision task (Hinson et al. 2002, 2003); and (2) the
IGT is more of a learning task (Baddeley 2011), whereas a true assessment of
affective impact upon cognitive processing requires a measure of the capacity to
evaluate existing valences (i.e., positive, negative, and neutral). In a similar manner,
Fellows and Farah (2005) have suggested that an elemental deficit in reversal
learning (instead of deficit in decision making) may better explain the VMPFC
lesion patients’ selections of disadvantageous and risky cards on the IGT. Evidence
for this is indicated by improved performance when the initial bias favoring the
disadvantageous decks is removed by reordering the cards. Hence, while insensi-
tivity to risk is often used to explain poor performance on the IGT, the learning and
explicit reversal components of the IGT may better explain into what the IGT it is
actually tapping. Further, like other cognitive measures, the IGT was created to
assess the construct of decision making in a laboratory setting, but it remains to be
seen whether a relation between performance on the IGT and real-world decision
making exists (Buelow and Suhr 2009).

7 Conclusions

In summary, the past twenty years in neuropsychology we have seen a shift in
assessment from lesion localization to assessment of everyday functioning. Clinical
neuropsychologists are increasingly being asked to make prescriptive statements
about everyday functioning. This new role for neuropsychologists has resulted in
increased emphasis upon the ecological validity of neuropsychological instru-
ments. As a result, neuropsychologists have been experiencing a need to move
beyond the limited generalizability of results found in many earlier developed
neuropsychology batteries to measures that more closely approximate real-world
function. However, neuropsychologists have been slow to establish tests that will
address assessment of everyday functioning. Part of the delay has resulted from a
lack of clear consensus on what constitutes an ecologically valid assessment.

In addition to these historical issues and emerging definitions for ecological
validity in neuropsychological assessments, there is a growing desire for “ecolog-
ical validity” to be need more than simple cosmetic changes to represent real-life
situations. Instead, there is a more fundamental issue that the majority of neu-
ropsychological assessments focus upon various aspects of veridical constructs and

26 2 Ecological Validity



neglect the reality that real-life veridical decision making is merely a tool subor-
dinate to adaptive decision making. A recent focusing of the discussion by Burgess
and colleagues (2006) emphasizes the need for “function-led approaches” to
neuropsychological models and assessments. While these approaches have been
gaining in popularity, there are a number of unfortunate limitations that are apparent
in the obvious drawbacks to experiments conducted in real-life settings.
Function-led neuropsychological assessments can be time-consuming, require
transportation, involve consent from local businesses, costly, and difficult to
replicate or standardize across settings. Further, there are times when function-led
assessments in real-world settings are not feasible for participants with significant
behavioral, psychiatric, or mobility difficulties. There is also a growing interest in
the interplay of “cold” cognitive processing (linked to dorsal and lateral regions of
the prefrontal cortex) of relatively abstract, context-free information, and “hot”
cognitive processing (linked to the functioning of the orbitofrontal cortex) involved
when emotionally laden information is present. Unfortunately, very little has been
done to include affective components into the neuropsychological assessment.

In the chapters that follow, there will be review of these issues for each of three
waves found in theoretical formulations of neuropsychological assessment.
Throughout, there will be emphasis upon the ways in which both paper-and-pencil
and computer-automated neuropsychological assessments reflect “construct-driven”
and “function-led” approaches to neuropsychological assessment. A preference is
emphasized for “function-led” approaches to models and assessments that proceed
backward from a directly observable everyday behavior to measure the ways in
which a set of actions lead to a given behavior in normal and disrupted processing.
Further, there is discussion of the potential for improving our understanding of
ecological validity via the inclusion of the interplay of “cold” cognitive processing
of relatively abstract, context-free information, and “hot” cognitive processing
involved when emotionally laden information.
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Chapter 3
Neuropsychological Assessment 1.0

Progress, far from consisting in change, depends on
retentiveness. When change is absolute there remains no being
to improve and no direction is set for possible improvement:
and when experience is not retained, as among savages, infancy
is perpetual. Those who cannot remember the past are
condemned to repeat it.

—Santayana (1905, p. 284)

1 Historical Development of Neuropsychological
Assessment 1.0

Examination of neuropsychological assessment’s developmental history provides
us with the lens through which we may consider current advances and facilitates our
understanding of the current theoretical bases for various approaches (Barr 2008). It
also serves as a reminder that corrective changes in the discipline involve
“retaining” those successful underpinnings that solidified the discipline so that in
our progress, we do not repeat past mistakes. Bilder (2011) has suggested that while
the field of neuropsychology has experienced two distinctive periods (e.g.,
Neuropsychology 1.0 and 2.0), it is beginning third phase of Neuropsychology 3.0.
According to Bilder, Neuropsychology 1.0 emerged in the 1950s and involved
clinical assessments that were primarily qualitative and lacking in extensive nor-
mative data. Neuropsychology 2.0 involves a period from 1980 to the present and
includes a greater emphasis upon classical psychometrics, standardization, and
empirically supported batteries. Neuropsychology 3.0 is understood as an emerging
phase with opportunities for incorporating novel computerized assessment
approaches, formalizing neuropsychological concepts and measures into cognitive
ontologies, and establishing collaborative neuropsychological knowledgebases.

While Bilder’s delineation of neuropsychology’s progress into three phases is
helpful, the suggested timeline misses some of the nuances of technological
development and adoption that will be discussed in this and subsequent chapters.
This chapter discusses the development of the neuropsychological assessment
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approaches from simple extensions of either physiological psychology or neuro-
logical examinations to contemporary development of the flexible test battery.
Ultimately, this will involve a discussion of the technologies used by neuropsy-
chologists during a period referred to as Neuropsychological Assessment 1.0. While
Bilder chose to emphasize the advent of quantitative batteries as marker for the end
neuropsychology’s first phase, herein the emphasis is upon the changing “access to”
and “adoption of” technologies for neuropsychological assessment. The plan of this
chapter will be as follows: After a brief summary of neuropsychology’s “prehis-
tory,” there will be discussion of neuropsychological assessment following
nineteenth-century medicine and physiology. Here, there will be a development of
qualitative approaches and neuropsychological assessments as extensions of the
neurological examination. Next, there will be a discussion of the ways in which the
neuropsychological assessment in 1.0 developed into the quantitative batteries that
continue to be used today. Again, Neuropsychological Assessment 1.0 as conceived
herein reflects both standardization and technological shifts as opposed to psy-
chometric rigor alone.

2 Neuropsychology’s Prehistory

While neuropsychological assessment is a relatively new discipline, the study of
brain–behavior relations goes back much further and there is evidence that the
ancient Egyptians were interested in assessing language and memory (Boller and
Forbes 1998). For example, the Edwin Smith Surgical Papyrus written by Imhotep
approximately in the seventeenth-century BC (Wilkens 1964) is the first noted
cortical “localization” of function after brain injury (Stuss and Levine 2002). The
Edwin Smith Surgical Papyrus includes 27 head injury cases (48 cases of physical
injury in total). In classical Greece (e.g., Plato, Aristotle, Hippocratic writers), one
finds an interest in brain–behavior relations. Hippocratic writers emphasized brain–
behavior relations in descriptions of their patients. The Romans also were interested
in the study of brain–behavior relations. Galen is considered by many to be the first
experimental physiologist. He described major brain structures and emphasized the
importance of direct observation. Unfortunate for Galen was the fact that Roman
authorities forbade dissection of human bodies. As a result, his understandings were
primarily limited to that gleaned from dissected and vivisection of animals. These
descriptive approaches were passed into the Arabic world and preserved until the
Renaissance.

Following the Renaissance, there was a shift from knowledge gleaned from
dissection of animals to a period emphasizing practical human anatomy. As a result,
understanding of human brain anatomy became progressively more sophisticated
and accurate. By the eighteenth century, Franz Joseph Gall had started writing
about the idea that the brain has specific functions that are localized to particular
brain areas. According to phrenology, bulges on the skull conceal areas of particular

32 3 Neuropsychological Assessment 1.0



brain development that reflect areas responsible for specific psychological func-
tions. While some may argue that phrenology’s description of anatomical local-
ization of function within the brain qualifies it as the first manifestation of a
neuropsychological theory (see for example Miller 1996), the essential points of
Gall’s doctrine (with the exception of his emphasis upon the cortex) have been
shown to fail as a neuropsychological theory and its hypotheses both about brain
development and its reflection in scalp topography were ultimately to be dismissed
(see Heeschen 1994 for a discussion).

2.1 Diagram-Makers and Nineteenth-Century Medicine

A better place to look for the theoretical foundations of current neuropsychological
assessments is in nineteenth-century medicine and physiology (see Meyer 1961).
During the nineteenth century, a number of factors came together to form the basis
of modern neuropsychology: localization of rationality in brain cortex; mapping of
sensorimotor pathways; grouping of psychological processes into associated fac-
ulties; and relation between brain damage and loss of cognitive abilities. In the last
quarter of the nineteenth century, a number of researchers known as
“diagram-makers” proposed a new technological approach that used various
schematic models depicting how a cognitive process (e.g., language) is represented
in the brain (see Jacyna 2004a, b). While phrenology had been discredited as
pseudoscience, cognitive (e.g., language) disturbances were studied mainly based
on the localization of the cerebral lesions (see Cubelli 2005 for review).

Much of what is now considered part of neuropsychological assessment origi-
nated from attempts of late nineteenth-century and early twentieth-century physi-
cians to improve the evaluation of the cognitive capacities of persons with brain
disease. The assessment of cognitive dysfunction following acquired cerebral lesions
is associated with the clinical descriptions by Paul Broca (1865) and the discovery of
the left hemisphere dominance for language. Broca was able to demonstrate that
language is a localizable function that can be damaged separately from other cog-
nitive processes. In 1874, Wernicke developed a diagrammatic model of the sensory
and motor language linked by a transmission pathway. While patients with Broca’s
aphasia are nonfluent, patients with sensory aphasia are fluent. In addition to pro-
viding evidence for a second form of aphasia that utilized a speech-language module,
Wernicke was the first to posit an information processing network. According to
Wernicke, the posterior portion of the superior temporal lobe (decodes speech
sounds) is connected to Broca’s area in the frontal lobes (area that programs speech
sounds). Cubelli (2005) has argued that the neuropsychological importance of
Broca’s studies is primarily methodological in that he showed that a specific
neurocognitive disorder could be systematically associated with focal brain damage.
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According to Cubelli, Wernicke’s (1874) work was more theoretically relevant to the
development of neuropsychology in that Wernicke proposed a neuropsychological
model that included psychological (i.e., levels of processing underlying oral repe-
tition), neurological (i.e., cortical and subcortical pathways associated with each
processing stage), and clinical (i.e., symptoms following circumscribed brain
lesions) descriptions of persons performing a simple task of oral repetition. The
result of Wernicke’s multilevel formulation is a template for the development of
future neuropsychological models.

3 Neuropsychological Assessment and Localization

3.1 Kurt Goldstein: A Holistic Approach
to Neuropsychology

Neuropsychological assessment was practiced almost exclusively by neurologists
until the latter half of the twentieth century (Boller 1998). As such, the neu-
ropsychological examination has historically been characterized as both a refine-
ment and an extension of the neurological examination (Benton 1985). In the early
part of the twentieth century, a holistic approach emerged that included both
cognitive neuropsychologists (e.g., Lashley (1929) and Hebb (1949) and neurolo-
gists like Wernicke’s student, Kurt Goldstein (1939). Goldstein took a holistic
approach to the brain, in which he postulated that function in a damaged area could
be compensated through the capacity of other areas (compare to Lashley’s
mass-action-equipotentiality). Goldstein’s understanding of the patient came less
from focus upon on a specific deficit and more from the study of all aspects and
simultaneous functioning.

Goldstein indicated that his emphasis was on working with patients rather than
on experimental research in the laboratory designed to address theoretical questions
(Goldstein and Scheerer 1941). Much of his research program was directed toward
facilitating patients with discovery of a novel organization for their lives. Influence
for this approach can be found in Goldstein’s interest in the work of the phe-
nomenological philosopher Edmund Husserl (Goldstein and Scheerer 1941;
Gurwitsch 1949), which distinguishes between “sensuous congruency” and
“equality” of experience. For Husserl, sensuous congruency is based on one’s
actual experience of the qualitative uniformity of the perceived objects. By equality,
Husserl goes beyond purely perceptual experiences and associates the perceived
object with further mental processing. These ideas correspond with Goldstein’s
distinction between “concrete” and “abstract” attitude. For Goldstein, the “con-
crete” attitude represents an overpowering of the patient by the actual experience,
which is constrained to the immediate experiential features. By “abstract” attitude,
Goldstein is emphasizing a patient’s ability to disengage from the concrete expe-
rience and structure their impressions of the perceptual field.
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3.1.1 Goldstein, Gelb, and “Case Schn”

Goldstein’s holistic approach to neuropsychology was no doubt influenced via his
work with the psychologist Adhémar Gelb who designed the cognitive tests for
injured soldiers returning from the Great War (Teuber 1966). Goldstein and Gelb’s
24-year-old patient “Case Schn” (i.e., Johann Schneider) had substantial brain
damage including lesions in the left parietal–occipital junction (Marotta and
Behrmann 2004). Patient Schneider displayed a number of cognitive impairments,
including alexia, form agnosia, tactile agnosia, acalculia, loss of visual imagery and
movement vision, loss of body schema, and loss of abstract reasoning (Goldenberg
2003). According to Goldstein and Gelb, patient Schn was unable to organize local
feature elements into larger, more coherent “wholes.” When blindfolded patient
Schn was instructed to grasp his own nose in an experimental setting, he was unable
to perform the task. However, in his everyday life, patient Schn had no visible
difficulties in executing habitual actions such as finding a handkerchief in his pocket
and putting it to his nose (Goldstein 1923). Goldstein (1931/1971) accounted for
the dissociation between patient Schn’s different responses to the motor tasks via
the introduction of a distinction between “abstract attitude” (isolated, arbitrary
movements performed on request) and “concrete attitude” (habitual movements).

3.1.2 Gelb and Goldstein’s Sorting Task

Gelb and Goldstein (1920) developed a sorting task in the examination of a patient
Th. who suffered from color amnesia. This test was based on the Holmgren test for
color blindness. In the first condition of this test, the patient was asked to select one
string from a collection of colored strings and then select those strings that were
similar to the first one. In the second condition of the test, the examiner presented
three strings. While the left and middle string matched in color, the right and middle
string matched in brightness. The examiner instructed the patient to indicate which
string matched the middle one. In a third condition of the test, the examiner pre-
sented two rows of six strings. One row varied from light to dark red. In a second
row, the strings had the same clarity, but varied in color. The examiner instructed
the patient to select the strings that matched each other. In a fourth condition of the
test, the examiner instructed the patient to formulate the reason for her or his
responses. Goldstein observed that patients performed the task very differently than
healthy participants. His patients tended to take a “concrete” attitude and look at
individual objects. Contrariwise, his healthy participants maintained the ability of
“abstract attitude” in which features may be abstracted and concepts may be chosen
to structure and organized perceptions. It is important to note that there were no
quantitative scoring procedures during this time. Goldstein believed that the specific
attitude could not be expressed in a single test score. Instead, the examiner had to
observe how the patient performed the tasks.
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3.1.3 Weigl–Goldstein–Scheerer–Color Form Sorting Test

Over the years, Goldstein refined his assessment of the loss of abstract attitude and
the ability to formulate concepts following brain injury to assess deficits in abstract
behavior (Goldstein and Scheerer 1941). A variant was developed by Weigl, the
Gelb–Goldstein–Weigl–Scheerer Sorting Test that consisted of a set of common
objects used in daily life activities. The patient was instructed to sort these in
different groups. For example, the patient was to sort the objects according to color,
material, or usage. Subsequently, the patient was assessed on ability to set shift and
was assessed on her or his ability to sort the items according to a new criterion
(Weigl 1942). In the Weigl–Goldstein–Scheerer–Color Form Sorting Test, the
patient was assessed on her or his ability to sort geometrical objects (e.g., squares,
triangles, and circles) that consisted of the colors red, green, blue, and yellow
according to the form or color. Following his emigration to the USA, Goldstein
continued to use this task in his clinical work (Bolles and Goldstein 1938).

In summary, Goldstein’s work on abstract reasoning and categorical thinking has
had a noteworthy impact upon neuropsychology (Goldstein 1990). Goldstein’s
“abstract attitude” refers to something that is lost in a patient following brain injury,
as suggested by the tendency to focus on physical (i.e., concrete attitudes) and not
conceptual (abstract) properties of their environments (Goldstein and Scheerer
1941). Goldstein’s formulation of abstract versus concrete attitudes laid the foun-
dation for the ways in which abstractions play an important role in automatic and
controlled processing. He was one of the first neurologists to explore higher
executive functions in everyday life, such as the abilities to establish and maintain
particular cognitive sets, shift cognitive sets, and abstract from the properties in a
test situation the needed rules for decision making (Goldstein 1936).

3.2 Lev Vygotsky and Alexander Luria: Russian
Neuropsychology

Like Goldstein, Russian psychologists and neuropsychologists were interested in a
qualitative understanding of the individual. In particular, Lev Vygotsky was
interested in concept formation (see Hanfmann 1968). Vygotsky’s test was made up
of 22 wooden blocks that consisted of five different colors, six forms, two heights,
and two sizes of the ground surface. Further, four cards that included nonsense
words (lag, fik, mur, and sev) were located in the four corners of a board. The
examiner explained to the participant that the set of objects consisted of four types
of blocks, each with its own name. The examiner instructed the patient to discover
which block belonged to which name. Vygotsky and Goldstein were both interested
in the higher cognitive functions. For Vygotsky, these were described as “higher
psychic functions,” and for Goldstein, they were described as abstract attitude
(Hanfmann 1968). In Vygotsky’s student, Alexander Luria, we find a program of
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research that facilitated the subsequent differentiation and integration of basic and
clinical research in neuropsychology (Christensen 1975). Luria obtained an Ed.D
(doctor pedagogicheskikh nauk) in 1936 and an MD in 1943 at the Moscow
Medical Institute. Luria was influenced by Vygotsky’s cultural–historical approach
to cognitive functioning, in which perceptual, attentional, and memory processing
are converted into socially structured cognitive functions through learning. As a
result, Luria, like Goldstein and Vygotsky, investigated the symbolic operations
underlying the highest mental functions (Akhutina 2003).

The work of A.R. Luria is a good example of a neuropsychological evaluation
derived from a neurological approach. In Luria’s clinical evaluations, he employed
a clinical–theoretical approach that primarily involved a qualitative approach (Luria
1966/1980). According to Luria, performance on a neuropsychological assessment
reveals patterns or “functional systems” of interacting neurological areas that are
responsible for a given behavior. Each neurological area of the brain participates in
numerous such functional systems. Luria aimed to show that the cognitive sequelae
of a brain injury reflect an interruption to the execution of any functional system
that includes the injured areas(s). A great strength of Luria’s flexible methodology
is that it developed from his clinical experiences with thousands of patient evalu-
ations (Luria and Majovski 1977; Majovski and Jacques 1980). As is often the case,
the greatest strength of a clinical neuropsychology approach can be that it also
involves a weakness. The most significant flaw in the original Luria battery is a lack
of standard administration and scoring that has precluded an assessment of its
validity. However, there have been attempts to overcome these deficiencies by
developing an objective form, combining Luria’s procedures with the advantages of
a standard test battery (i.e., Luria-Nebraska Neuropsychological Battery, also
known as LNNB; Golden et al. 1980).

3.3 Physiological and Comparative Psychology
(Twentieth Century)

In the twentieth century, neuropsychology moved beyond the naive localization
theory of the diagram-makers, which has been largely abandoned by most neu-
ropsychologists (Goldstein 1990). The physiological and comparative psychology
of the twentieth century provided impetus for this shift and the actual term “neu-
ropsychology” emerged in the work of Lashley, Hebb, and Osler (Bruce 1985).
Lashley’s (1929, 1950) mass-action-equipotentiality-function doctrine resulted
from research findings suggested that learning deficits were proportional to the
quantity of cortex removed, independent of the location. For Lashley, the efficiency
of any complex brain function is reduced in proportion to the amount of damage the
brain as a whole has sustained. It is important to note that Lashly was not a naïve
equipotentialist. Instead, he advocated a far more complex and integrative form of
neural processing (Hebb 1963). Lashley’s work found support in Donald Hebb. The
two worked together at the University of Chicago. Hebb extended Lashley’s ideas
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and provided an early integration of the existing literature in support of the regional
localization doctrine. He also proffered descriptions of neural network assemblies
and their functional relationships that incorporated elements of both localizationistic
and mass-action doctrine into the analysis of the behavioral consequences of brain
lesions (Meier 1992; further development of this synthesis can be attributed to Luria
1966). Hebb’s behavior–cognition integration helped to counterbalance strict
behaviorism and stimulated the rise of physiological psychology and psychobiol-
ogy. Hebb’s formulations gave “mental events” a neural basis and opened the door
to a future possible cognitive neuropsychology (Hebb 1981).

3.3.1 Brenda Milner: Neuropsychology at McGill University

Eventually, Hebb teamed up with Wilder Penfield at McGill University for their
pioneering research into the effects of removal of prefrontal or the anterior/mesial
temporal tissue for intractable focal seizure disorders (Hebb and Penfield 1940).
During this time, a number of influential proto-neuropsychologists visited Hebb and
Penfield. For example, Henry Hacaen’s time there had a profound influence on his
future development and he named his laboratory “Groupe de Neuropsychologie et
de Neurolinguistique” in the 1960s (Boller 1998). While at McGill, Hebb took on
Brenda Milner as a PhD candidate in psychophysiology. Milner was also able to
work with Penfield to study the behavior of epileptic patients treated with focal
ablation of brain tissue. Milner is considered a pioneer in clinical neuropsychology
and is noted for convincing her colleagues of the importance of collecting data on
the cognitive capacities of patients undergoing unilateral cerebral excisions. In her
early studies, she contrasted the effects of left and right temporal lobectomy, which
lead to the establishment of research into hemispheric specialization (Berlucchi
et al. 1997; Jones-Gotman et al. 1997).

Like Goldstein (see above), Milner used a sorting task to investigate the effect of
different brain lesions on frontal lobe functioning. Milner used the Wisconsin Card
Sorting Test (WCST). The WCST was developed by Grant and Berg (1948) as an
extension of the Weigl-Goldstein card-sorting task. Of note, the WCST had the
advantage of tapping into both quantitative and qualitative aspects of abstract
reasoning, concept formation, and response strategies to changing contextual
contingencies. This original WCST consisted of a set of 60 response cards. Each
card had one to four duplicate patterns (e.g., stars, crosses, triangles, and circles)
and was all in the same color (e.g., red, yellow, green, or blue). Participants were
instructed to place each card under one of four key cards and to infer the sorting
principle following feedback (correct, incorrect) from the examiner. The examiner
scored each response in terms of errors, latency, degree of perseveration, and
capacity to shift (Eling et al. 2008). Milner introduced the WCST as a neuropsy-
chological assessment, and it has become a standard clinical tool for the diagnosis
of executive dysfunction (Milner 1963).

Milner’s (1963) study of eighteen patients with epileptogenic foci in the
dorsolateral prefrontal cortex (dPFC) found that they committed more perseverative
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errors than patients with orbitofrontal cortex (OFC), temporal, or parietal damage.
No significant differences were found across clinical groups for nonperseverative
errors. According to Milner, the fewer number of achieved categories in patients
with dPFC was due to their perseverative tendencies instead of their tendency to be
distracted (i.e., to nonperseverative errors). Although these seminal findings and
interpretations has had a huge impact on expected patterns of neuropsychological
performance for patients with prefrontal lesions, many neuropsychologists now
question the anatomical specificity of predicted from performance on the
paper-and-pencil WCST. To a large extent, this a result of theoretically ill-posed
approaches to localize the brain region ultimately responsible for correct WCST
performance (Nyhus and Barceló 2009). Further, in its original paper-and-pencil
format, the traditional WCST has been argued to be ill-suited to proffer accurate
descriptions of the type and severity of cognitive deficits or for localizing lesions
responsible for those deficits (Mountain and Snow 1993). This points to the need
for caution when building cognitive models from these older experimental designs.
Specifically, they lacked precision in spatial and temporal sampling of brain acti-
vations and may have limited the formulation of integrative formal models of
prefrontal executive functions.

3.4 Summary

In summary, a review of the early years of neuropsychological assessment reveals
an emphasis upon extending the neurological examination. During this time, clin-
icians were able to establish a sense of “normal” performance and tended to assign
anything below that threshold as being a pathological deficit. An unfortunate
limitation to this dichotomous approach is that it allowed little sense of normal
variability. To remedy this, some clinics developed local quantitative procedures,
but these usually had no real empirical standardization and no clear generalizable
clinical use (Benton 1967). Further, some clinicians diagnosed “organicity”
(meaning brain pathology of some kind) based on “pathognomonic” signs dis-
covered in a patient’s response to a test. A major problem for the neuropsycho-
logical assessment as extension of neurological examination is the lack of any
standardized method of giving or scoring the assessment’s procedures. In many
cases, the description of administrative procedures is vague. Moreover, neuropsy-
chologists taking this approach at times changed procedures for individual patients.
Even when administrative procedures are clear, scoring procedures are not. Scoring
is determined by the personal assessment of the clinician based on experience and
knowledge rather than on any normative data. Despite these major problems, this
approach clearly possesses a high degree of face validity as well as a strong the-
oretical foundation. Neuropsychologists have made great strides in proper stan-
dardization, scoring, and validation. As such, the revised neurological examination
(i.e., neuropsychological assessment) has become a major tool of both clinical and
experimental neuropsychology.
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4 Development of the Quantitative Test Battery

4.1 Alfred Binet and Psychometric Assessment
of Intellectual Ability

While much of early neuropsychology represents an extension of the neurological
examination, many of the current approaches to neuropsychological assessment
reflect the work of Binet and the Stanford-Binet test of psychometric intelligence.
Binet’s work reflects a careful development of objective procedures that had clear
and precise criteria for establishing performance. Binet’s scales also offered a new
level of standardization, in which measures were normed on samples of various
ages. Binet’s transformative method was a precursor to the development of a
psychometrically oriented battery approach. As a result of these areas of
improvement, Binet’s scales proffered a move away from the dichotomous classi-
fication found in neurologically oriented neuropsychological assessments (Rourke
and Brown 1986).

An important factor in the development of clinical neuropsychology is the
establishment of standardized assessment measures capable of identifying the
neurocognitive effects of brain dysfunction. Standardized assessment in
neuropsychology is largely due to its historic development from Alfred Binet’s
(Binet and Henri 1896, 1898; Binet and Simon 1905, 1908) tests of intelligence and
the USA’s entry into the World War I in 1917 (Anastasi and Urbina 1997). During
this time, Robert Yerkes, Arthur Otis, and the American Psychological Association
developed a group administered version of the Stanford-Binet (i.e., Army Alpha),
and a novel group administered assessment composed of nonverbal tasks (i.e.,
Army Beta). Yerkes (1917) preferred a point-scale methodology (i.e., tests selected
based upon specified functions) over Binet’s age-scale approach (i.e., tasks fluctuate
with age and developmental level). Ultimately, the Army group administered
measures reflecting an amalgamation of Yerkes’s point-scale approach and Binet’s
task-specific approach to measure cognitive performance. Further, a performance
scale developed by David Wechsler was included in an Army battery (Yoakum and
Yerkes 1920) that was made up of subtests developed primarily by Binet and World
War I psychologists.

4.2 David Weschler: World Wars and Weschler Scales

A major shift in testing occurred when Wechsler applied testing procedures (i.e.,
group and individual) developed for normal functioning persons to the construction
of a clinical test battery. Following World War I, Wechsler assembled the 1939
Wechsler-Bellevue battery, which included both verbal and performance Scales.
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Wechsler selected 11 different subtests to form this initial battery. In addition to
tests (Comprehension, Arithmetic, Digit Span, Similarities, and Vocabulary) from
the 1937 revision of the Stanford-Binet, his battery included Picture Arrangement
from the Army Group Examinations, Koh’s Block Design (Block Design), Army
Alpha (Information, Comprehension), Army Beta (Digit Symbol-Coding), Healy
Picture Completion (Picture Completion), and the Pintner-Paterson Test (Object
Assembly). Two unfortunate limitations were found in the Wechsler-Bellevue:
(1) the reliability of the subtests and (2) the size and representativeness of the
normative sample. As a result, the battery was revised in 1955 to form the Wechsler
Adult Intelligence Scale (WAIS) in 1955, and in 1981, another revised edition
(WAIS-R) was published. In 1997, the Wechsler Adult Intelligence Scale-III
(WAIS-III) became available. Finally, in 2008, the WAIS IV was published.

By the 1940s, a number of specialized neurocognitive tests were available to
clinicians for assessing the mental capacities of persons with brain disease (Conkey
1939; Shipley 1940; Benton and Howell 1941; Goldstein and Scheerer 1941; Wells
and Ruesch 1941; Hunt 1943). During this time, Weschler also developed the
Wechsler Memory Scale (WMS; Wechsler 1945, 1974 and revised in 1987;
Wechsler Memory Scale-Revised; Wechsler 1987 and again in 1997; Wechsler
Memory Scale-III; Wechsler 1997b). While the original Wechsler-Bellevue was
developed for adults, Wechsler developed the Wechsler Intelligence Scale for
Children (WISC) in 1949 (revised in 1974, 1991, 2003). In 1967, the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI) was published for the
assessment of children between the ages of 4 and 6 years 6 months. The WPPSI
was revised in 1989 (WPPSI-R; Wechsler 1989) and again in 2002 (WPPSI-III;
Psychological Corporation 2002). The additive effects of these tests provided the
foundation for today’s neuropsychological assessment procedures (Halstead 1947;
Reitan 1955; Lezak 1995; Spreen and Strauss 1998; Mitrushina et al. 1999; Heaton
et al. 1991).

While commonly used by neuropsychologists, it is important to note that the
Wechsler Adult Intelligence Scale (WAIS) and the Wechsler Memory Scale
(WMS) were developed without the specific intention of using them as instruments
to assess brain function and detect brain disorders, but extensive experience with
these instruments has provided a basis for interpreting the tests in neurologic terms.
Most current neuropsychological assessment approaches use several of the tradi-
tional tests in combination with newer techniques developed specifically to evaluate
neurocognitive activities and provide insight into brain function in different disease
states. Hence, the range of domains assessed by clinical neuropsychologists has
expanded tremendously in recent decades to include areas beyond behavioral
neurology and the traditional differentiation between organic and functional con-
ditions in psychiatry. Although there are aspects of neuropsychological assessment
that are similar to the conventional evaluation of the behavioral neurologist, neu-
ropsychological measures have the advantage of standardization and psychometric
rigor.
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5 Ward Halstead: Establishment of the Fixed Battery
Neuropsychological Battery

While standardized intelligence tests such as the Wechsler and Binet scales had
growing clinical utilization, a number of investigators were interested in developing
quantitative clinical psychometric procedures beyond these standardized intelligence
tests. One reason was the relative insensitivity of intelligence tests to the behavioral
consequences of many brain lesions (e.g., prefrontal executive functions). The
earliest adjunctive set of measures was the Halstead Neuropsychological Battery. It
is interesting to note that the Halstead was not primarily interested in clinical
application (Goldstein 1985; Reed 1985). Instead, his work was concerned with the
distinguishing between intellectual components found in learned versus innate
capacities. Halstead’s distinction between these components is similar to Hebb’s
(1949) “Intelligence A” and “Intelligence B” and to Cattell’s (1963) “crystallized”
and “fluid” abilities. During this time, there was an increasing desire to establish an
empirical base for a more scientific approach to neuropsychological assessment.
Halstead’s student, Ralph Reitan, introduced some modifications to the battery to
develop a composite (i.e., Halstead Impairment Index) of outcomes defined by group
differences on each of 10 subtests (Reitan 1964). Through a process of clinical and
experimental evaluation, seven of the ten survived and were developed into the
primary components of the HRB and Halstead Impairment Index. Reitan went on to
supplement Halstead’s seven tests with numerous other clinical procedures to
enhance the clinical usefulness of evaluations. The HRB offered a battery of
objective measures that could be used for diagnosis and categorization of brain
damage. The Halstead–Reitan Battery was developed specifically to detect “organic”
dysfunction and differentiate between patients with and without brain damage (e.g.,
to distinguish “organic” from “functional” disorders). Over the years, tests have been
designed in concert with evolving information regarding the mediation of behavior
by specific structures or circuits provide greater insight into the integrity or disin-
tegration of neurologic function. Extensive experience with these instruments pro-
vides a basis for interpreting the tests in neurologic terms.

In addition to being one of the first battery approaches, the Halstead–Reitan
Battery is commonly referred to today as a “fixed battery” approach because test
selection is “fixed” irrespective of the patient’s presenting problem. Hence, the
Halstead–Reitan Battery represents a comprehensive battery of tests that are
administered to each patient in a standardized manner. Advocates of the Halstead–
Reitan Battery argue that fixed batteries facilitate the following: (1) comparison of
test scores across patient groups and settings (Hom 2003); (2) inclusion of tech-
nicians in test administration (Russell 1995, 1998); and (3) development of datasets
for research studies (Sweeney et al. 2007). While the HRB has become widely used
in neuropsychological assessment (Hom 2003; Ross et al. 2013, 2014), there has
been some debate related to the amount of administration time, cost, and potential
for excessive testing sessions that may be difficult for patients to tolerate (Lezak
1995; Russell 1998).
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6 Contemporary Development of the Flexible Test Battery

An alternative to the “fixed” battery neuropsychological assessment found in the
HRB is the “flexible battery” approach, in which neuropsychologists take a
hypothesis-driven approach. In the “flexible” battery, the referral question, pre-
senting problem, and clinical interview are used for initial test selection. A limited
set of measures are used to evaluate a broad range of cognitive functions and
establish the patient’s strengths and weaknesses. Following this initial assessment of
strengths and weaknesses, the neuropsychologist will then select additional mea-
sures based on the patient’s performance on the core battery and reported cognitive
concerns. The “flexible” battery approach has emerged as the most widely used
approach to neuropsychological assessment. In a recent survey of practicing neu-
ropsychologists, Sweet et al. (2006) found that 76 % used a flexible battery and only
7 % used a standardized battery such as the HRB. In a related survey, Rabin et al.
(2005) found that most neuropsychologists frequently used a flexible battery
approach and only 15.5 % used the HRB. Recently, Bigler (2007) presented an
argument in support of the use of flexible battery neuropsychological assessment in
forensic neuropsychology. Through a review of the developments in neuropsy-
chology that have occurred since the HRB was originally validated, Bigler (2007)
offered evidence for the acceptability of a flexible battery. Further support for the
flexible battery approach can be found in Larrabee’s (2008) review of findings from
studies comparing the validity of flexible batteries to fixed batteries. Larrabee (2008)
concluded that flexible batteries are as valid as approaches relying on the HRB.

6.1 Arthur Benton: Iowa-Benton Flexible Battery Approach

An early precursor to the flexible battery approach can be found in the work of
Arthur Benton (Benton 1964, 1969). Benton has had a great influence on the
development of clinical neuropsychology and his work bridges behavioral neu-
rology, cognitive psychology, neurolinguistics and aphasiology, developmental
psychology, clinical psychology, and experimental/physiological psychology
(Meier 1992). While a member of the neurology department at Iowa, Benton
developed procedures for assessing visuospatial judgment, visuoconstructional
praxis, facial recognition, auditory perception, serial digit learning, cerebral dom-
inance, developmental learning disorders, and language behavior (Costa and Spreen
1985). Benton’s flexible battery approach is a hypothesis-driven approach to
standardized measurement of higher brain functions in patients with known or
suspected brain disease. Benton’s methods have now evolved into the Iowa-Benton
method, in which quantitative measurements are considered key for assessing
domains of cognition and behavior, in a time-efficient manner. According to Tranel
(2009), the Iowa-Benton flexible battery approach maintains a close link to neu-
roanatomy and the findings from neuropsychological assessments are both
informed by and inform findings from neuroimaging and physiological recordings.
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6.2 Edith Kaplan: Boston Process Approach

Development of the flexible battery has resulted in what now called the “process”
approach, which resulted from work by neuropsychologists in Australia (Walsh
1987), Denmark (Christensen 1979), and the USA (Kaplan 1988). The process
approach extends early formulations of the flexible battery approach via increased
emphasis upon standardization. For example, the qualitative information gleaned
from analyses of behavior is quantified and subjected to psychometric analyses. As
a result, the process approach allows for greater assessment of clinical limits in an
operationally defined, repeatable, and quantifiable manner. The emphasis upon
process analyses results from the belief that the resolution to problems presented via
standardized assessment measures may be achieved by various processes, and each
of these may be related to different brain structures. Hence, the ways in which a
given patient responds are viewed as important as the patient’s response itself.

While there has been a great deal of debate about whether the fixed or flexible
battery approach is the best, most would agree that there are strengths found in
including both qualitative and quantitative information (Rourke and Brown 1986).
Over the years, various procedures have been developed to maximize the use of the
battery of tests. Psychometrics have been applied to test results to maximize the
value of the neuropsychological assessment battery approach by combining infor-
mation, minimizing variability among groups, and grouping patients by behavioral
characteristics (Bezeau and Graves 2001; Maroof 2012; Zakzanis 1998, 2001;
Woods et al. 2003). According to Stuss (2002), factor analyses have allowed for the
differentiation of assessment variables into functional representative groupings and
provided a methods and systems for examining shared and independent variance to
maximize brain–behavior understanding. Further, discriminant function analyses
have been utilized for classification of patients into their proper groups for vali-
dation of the battery approach (Stuss and Trites 1977).

7 Conclusions

Over the course of the last several decades, clinical neuropsychology has gained
recognition as a discipline with relevance to a number of diverse practice areas
(e.g., neurology, neurosurgery, psychiatry, and family medicine) as well as
neuroscience-specific research areas (e.g., behavior, learning, and individual dif-
ferences). As a result, neuropsychologists tend to apply a working understanding of
psychology, physiology, and neurology to assess, diagnose, and treat patients with
neurological, medical, neurodevelopmental, psychiatric, and cognitive disorders.
A typical neuropsychological assessment examines brain–behavior relations as they
pertain to neurocognitive, affective, and behavioral expressions of central nervous
system dysfunction. Neuropsychologists use specialized assessment procedures to
measure deficits in cognitive functioning, personality, and sensory–motor functions,
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and connect the results to specific brain areas that have been affected. Current
approaches to neuropsychological evaluation typically range from an ordinal scale
(i.e., impaired/nonimpaired) for basic sensory and perceptual functioning to an
integral scale (i.e., percentile relative to normative group) for more complex
functions. The question of normal versus abnormal functioning of the central
nervous system includes not only the assessment of the consequences of trauma and
diseases to the central nervous system, but also the impact of psychiatric conditions
in which central nervous system involvement is assumed but not well defined.

As mentioned above, much of what is now considered part of neuropsycho-
logical assessment originated from attempts of late nineteenth-century and early
twentieth-century physicians to improve evaluation of the cognitive capacities of
persons with brain disease. As such, during a period focusing on localization,
neuropsychologists received referrals from neurosurgeons to psychometrically
localize brain damage. As a result, developed measures were based upon a local-
ization paradigm that focused upon double dissociation—two neocortical areas are
functionally dissociated by two behavioral measures, and each measure is affected
by a lesion in one neocortical area and not the other (Teuber 1955; Probram 1971).
Given the importance of neuropsychological assessment for lesion localization, it
became increasingly important that neuropsychological assessment has enhanced
psychometric rigor. In addition to the reliability and validity issues mentioned
above, this also includes issues of sensitivity and specificity. By sensitivity, neu-
ropsychologists are referring to a test’s ability to detect even the slightest expression
of abnormalities in neurological (primarily central nervous system) function.
Sensitivity is understood as a reflection of the neuropsychological test’s ability to
identify persons with a disorder. This is often referred to as true positive rate. By
specificity, neuropsychologists are referring to the ability of a neuropsychological
test to differentiate patients with a certain abnormality from those with other
abnormalities or with no abnormality. This is often referred to as true negative rate.
A score on any test can be a true positive, false positive, true negative, or false
negative. For a score to be true positive, it must have high sensitivity to dysfunc-
tion, allowing dysfunctions to be detected. If a score on any test is false positive, it
indicates sensitivity to dysfunction, but lacks specificity to a particular dysfunction.
A score on any test can be a true negative if it has high specificity, allowing
negative to be distinguished from others. If a score on any test is false negative, this
indicates a lack of sensitivity, without regard to specificity of the test. For any
evaluation, it is important to understand the rates of each of the four categories of
results. The ability to identify brain dysfunction varies greatly among neuropsy-
chological tests and is determined by the fidelity with which the neuropsychological
test distinguishes normal from abnormal function and by the specific type of deficit
that the patient exhibits. The WAIS, for example, has no memory subtests and is
necessarily insensitive to memory-related deficits, whereas it has demonstrated
sensitivity to disorders affecting visuospatial, calculation, and attentional abilities.
In general, tests that are timed, requiring the patient to complete the test in a
specified period, have greater sensitivity to diffuse or multifocal cerebral changes
than untimed tests.
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In summary, in a number of ways, clinical neuropsychology can be viewed as
representing a synthesis of the best features of neurological, psychiatric, and
psychological examination procedures, whereby the systematic neurological
assessment of functional cortical and subcortical systems is combined with the
precise scaling of psychometric measurement. Neuropsychological assessment
allows the examiner to reduce the subjectivity in traditional neurological exami-
nations by conducting assessments that lead to quantifiable standardized scores,
thereby increasing the reliability of the assessment as well as allowing for a more
sensitive baseline for comparisons across time. Further, availability of normative
data and use of standardized administration procedures allow neuropsychological
evaluation to be more sensitive than unstructured mental status testing in the
detection of mild cognitive disturbances.

8 Changing Roles and Tools in Neuropsychological
Assessment 1.0

It is important to note, however, that with the advent of neuroimaging, the need for
neuropsychologists to localize brain damage has been greatly reduced.
Unfortunately, many neuropsychologists continue to rely on “localization” as the
chief basis for validating neuropsychological tests. As Ronald Ruff has contended,
although neuroimaging caused the role of neuropsychology to shift from localization
to documentation of neuropsychological deficits for prediction of real-world func-
tioning, clinical neuropsychologists many times fail to develop ecologically oriented
assessments and continue to use localizationist-developed test batteries (Ruff 2003).

Although today’s neuropsychological assessment procedures are widely used,
neuropsychologists have been slow to adjust to the impact of technology on their
profession. Two essential limitations have resulted from this refusal of technological
adaptation: First, current neuropsychological assessment procedures represent a
technology that has barely changed since the first scales were developed in the early
1900s (i.e., Binet and Simon’s first scale in 1905 and Wechsler’s first test in 1939).
In order for neuropsychologists to fully embrace the development of new batteries
that take real-world functioning (i.e., ecological validity) seriously, there is a need
for them to move beyond cosmetic changes to standardized tests to computerized
measures. However, neuropsychologists have historically resisted embracing tech-
nological advances in computation. While neuropsychology emphasizes its role as a
science, its technology is not progressing in pace with other science-based tech-
nologies. Second, while the historical purpose of clinical neuropsychology was
differential diagnosis of brain pathology, technological advances in other clinical
neurosciences (e.g., the development of neuroimaging) have changed the
neuropsychologist’s role to that of making ecologically valid predictions about the
impact of a given patient’s neurocognitive abilities and disabilities on everyday
functioning.
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Chapter 4
Neuropsychological Assessment 2.0:
Computer-Automated Assessments

We must embrace neuropsychology as a scientific discipline to
ensure that we will continue to be at the forefront in the study of
brain–behavior relationships, as well as in the design and
development of technologies to ameliorate disease conditions.

— Eric Zillmer: President’s address (2004)

Since the 1980s, a number of neuropsychologists have written reviews expressing
optimism and concerns that computer-automated neuropsychological (Adams 1986;
Adams and Brown 1986; Kane and Kay 1992, 1997; Kane and Reeves 1997;
Kay and Starbuck 1997; Larrabee and Crook 1991). On the positive side,
computer-automated neuropsychological assessments have been lauded for their
potential to augment task administration (Parsey and Schmitter-Edgecombe 2013),
scoring (Woo 2008), collect normative data (Bilder 2011), and in some cases
interpret tests (Russell 1995, 2000). In addition to administration issues, advantages
have been noted for the complexity of stimulus presentation (Gur et al. 2001a;
2001b; Schatz and Browndyke 2002) and logging of responses (Crook et al. 2009;
Woo 2008). There are also a number of concerns that have been raised. A notable
concern is whether the patient’s perception of the computer-generated stimuli and
responses to the computerized administration is significantly different from tradi-
tional paper-and-pencil measures (Cernich et al. 2007; Hoskins et al. 2010; Williams
and McCord 2006). Further, concerns involve the different levels of familiarity that
patients will have to computer software and interfaces (e.g., mouse and keyboard;
Iverson et al. 2009; Kapur 1988). These issues may result in a failure of
computer-administered tests to deliver results that are identical (or even comparable)
to a paper-and-pencil test administered by an examiner (Feldstein et al. 1999; French
and Beaumont 1987; Ozonoff 1995). For example, there are two commercially
available versions of the Wisconsin Card Sorting Test (WCST): a manual version
(Heaton et al. 1993) and a computer version (Heaton and PAR 2003). While some of
these differences may reflect cohort issues (e.g., persons with autism; Ozonoff 1995),
studies have shown that the paper-and-pencil and computerized versions of the
WCST are not equivalent (Feldstein et al. 1999; see Table 1 for advantages and
disadvantages of computerized neuropsychological assessments).
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Table 1 Computer-based neuropsychological assessments: advantages and disadvantages

Advantages Disadvantages

Administration (stimulus presentation)
• Enhanced control over administration and
scoring

• Increased accuracy of timing presentation
• Automatic randomization of test trials
• Alternate forms and adaptive testing
protocols

• Ability to set accurate basal and ceiling
levels and subsequently discontinue the test

• Ease of administering tests in different
languages

• Capacity to rapidly test a large number of
persons

• Reduced assessment times (adaptive testing)
• Administer tests on portable devices
(smartphones or handheld computers)

Administration
• Errors can occur in test administration due
to problematic hardware and software
interactions

• Do not allow for “testing the limits,”
• Do not allow for flexibility in evaluations
• Do not provide structured encouragement

Logging and scoring (behavioral responses)
• Increased accuracy of measurement/logging
of response latency, strength, and variability

• Ability to integrate and automate
interpretive algorithms such as decision
rules for determining impairment or
statistically reliable

• Ability to measure performance on
time-sensitive tasks (e.g., reaction time)

Logging and scoring (behavioral responses)
• Behavioral responses from computerized
tests may not provide identical (or even
similar) results as paper-and-pencil
counterpart

• May mask deficits that would otherwise be
apparent in some populations (e.g., persons
with autism may perform better when faced
with a computer)

• Computerized assessments may tap into
cognitive functions at a level that is rarely
demanded in real-life settings

Impact on participant
• May increase openness and engagement of
respondents

• Decrease in examiner influence on
responses

• May increase accessibility and availability
of neuropsychological services

Impact on participant
• Computerized tests may not be
experientially or psychometrically
equivalent to paper-and-pencil counterparts
(validity)

• Negative attitudes (including anxiety) about
computers persists, especially among
individuals with limited exposure to
technology, computerized administration
may alter task performance

• Understanding and assessing levels of effort
and motivation can prove challenging

Normative database
• Enhanced normative data collection and
comparison

• Ease of exporting responses for data
analytic purposes

• Automated data exporting for research
purposes

Normative database
• None noted
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In a review of utilization rates of computerized tests and batteries among clinical
neuropsychologists in the USA and Canada, Rabin et al. (2014) found that com-
puterized testing barely registers in clinical practice. While the review lists a
number of advantages of computer-based neuropsychological assessments, a
number of concerns were also mentioned. In addition to questions about psycho-
metric and experiential equivalency, Rabin et al. (2014) suggest that this may also
reflect a lack of exposure to computerized assessment methods during training.
They suggest that the realization of the potential benefits of computerized testing
may involve heightened acquaintance to such measures at various levels of pro-
fessional neuropsychological training. In sum, these studies point to the need for
increased exposure and thorough validation of the computerized batteries (Bauer
et al. 2012).

In a recent joint position paper of the American Academy of Clinical
Neuropsychology and the National Academy of Neuropsychology, computer-based
assessments were defined as “any instrument that utilizes a computer, digital tablet,
handheld device, or other digital interface instead of a human examiner to
administer, score, or interpret tests of brain function and related factors relevant to
questions of neurologic health and illness” (Bauer et al. 2012, p. 2). It is laudable
that the clinical neuropsychology community has endeavored to establish a con-
sensus statement related to technological advances in neuropsychological assess-
ment. However, there are some limitations of the definition. First, computer-based
assessments are not always administered by a computer “instead of a human
examiner to administer, score, or interpret tests.” Further, the lumping together of so
many disparate technologies and functions into one definition trivializes the com-
plexities involved. According to the statement, computer-based assessments involve
a host of devices (computer, digital tablet, handheld device, or other digital inter-
face) for administration, scoring, or interpretation of tests of brain function. This
lumping together is of great concern to any discipline that involves these various
areas. Further, it ignores the important issues that result from such a simplification
for ecologically valid assessments and the need for data capture for large neu-
ropsychological databases.

Throughout this book, there is an emphasis upon the importance of (1) using
technology to develop repositories for linking neuropsychological assessment
results with data from neuroimaging, psychophysiology, and genetic; and
(2) moving from construct-driven assessments to tests that are representatives of
real-world functions and proffer results that are generalizable for prediction of the
functional performance across a range of situations. The plan for this chapter is as
follows: In Sect. 1, there will be a discussion of the historical development of
computerized assessments. This will include early attempts at automation and
interpretation, followed by a period of disillusionment, and finally resurgence for
return-to-play decisions. Next, in Sect. 2, there will be a discussion of various
application areas for computerized assessments. In Sect. 3, “common currency”
assessments are presented. Finally, Sect. 4 closes the chapter with a discussion of
the needs for ecologically valid assessments.
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1 Historical Development of Computerized Assessments

1.1 Early Attempts at Automation

Early work with automated testing did not make full use of computers (Space
1981). For example, Gedye (1967, 1968) and Miller (1969) automated the pictorial
paired-associate learning task using a teaching machine (the ts-512). In 1969,
Elwood used a paper-tape-controlled and solenoid-operated console that used a
microphone, rear-projection screen, push-button panel, tape recorder, and type-
writer to administer the Wechsler Adult Intelligence Scale (WAIS). In the early
1970s, Studies using the automated system reported that the automated WAIS was
as reliable as the standard version, and the two versions correlated very highly
(Elwood 1972; Elwood and Griffin 1972). Microcomputers became popular in the
1970s and 1980s with the advent of increasingly powerful microprocessors. This
introduction soon led to the development of computer-automated versions of
classical paper-and-pencil and electromechanical neuropsychological assessments
(Kane and Kay 1992). As a result, computers were increasingly employed during
the 1980s and 1990s for neuropsychological test administration, scoring, and
interpretation (Adams and Heaton 1987; Kane and Kay 1992, 1997). One of the
earliest platforms for computerized assessment, scoring, and basic interpretation
was called the neuropsychological key (Russell et al. 1970). According the Russell
(2011), Carolyn Shelley programmed a decision-tree algorithm that placed the
scoring and the preliminary interpretation of test results into an automated program.
Following the initial computer automation, the period 1980s saw continued
development of the neuropsychology key and establishment of the lateralization
index (Russell 1984; Russell and Starkey 2001). Also during this period, Reitan
developed the Neuropsychological Deficit Scale program to lateralize brain damage
(Reitan 1991). In lieu of these advances, there were discussions about the impor-
tance of automated rules for statistical prediction that incorporate psychometric
data, patient history, and results from clinical or neurological examinations (Garb
and Schramke 1996).

Initial enthusiasm suggested that computerized administration, scoring, and
interpretation could be integrated with computer technology (Kane and Kay 1992;
Russell 1995). Although computer-based interpretation was increasingly used
during this period (Russell 1995, 2000), concerns were raised regarding whether
sophisticated algorithms can generate accurate clinical predictions (Adams 1986;
Adams and Brown 1986; Adams and Heaton 1985, 1987; Adams et al. 1984;
Anthony et al. 1980; Heaton and Adams 1987; Heaton et al. 1981; Long and
Wagner 1986). In response to these publications on the inadequacy of computer
interpretation, Russell (2011) has argued that these critiques are primarily review
articles that were based on only two studies (the other publications were reviews
citing these two studies). One of these studies was completed in Heaton’s laboratory
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(Anthony et al. 1980; Heaton et al. 1981) and the other was performed by Adams
(Adams, et al. 1984). Russell also points out that these reviews overlooked studies
that questioned their results. Results from a study that reanalyzed the Anthony et al.
(1980) study found agreement between the original neuropsychological key study
and the crossvalidation when both sensitivity and selectivity were considered
(Goldstein and Shelly 1982). Russell (2011) also points to two studies by Wedding
(1983a, b) that found the neuropsychology key to be almost as accurate as an
experienced neuropsychologist (see also Garb 1989; Russell 1998). While it is
unclear whether the computerized platforms during this period were adequate, it is
clear that the use of computerized interpretation of clinical results from fixed bat-
teries has dwindled over the years.

1.2 Computer Automations of Paper-and-Pencil Tests

Although there was some decrease in enthusiasm for fixed batteries during this
period, interest in the development of computerized administration and scoring has
continued. A quick literature review reveals that throughout the 1980s there was
burgeoning interest in computerization (or at least quasi-computerization) of vari-
ous assessment measures. For example, some assessments have been developed for
computerized symptom validity testing (Allen et al. 2003). Examples of comput-
erized neuropsychological measures used to distinguish between persons putting
forth their best effort and those who are not include: Computerized Assessment of
Response Bias (Green and Iverson 2001); Victoria Symptom Validity Test (Slick
et al. 1997); and the Word Memory Test (Green 2003). Further, during this period
neuropsychologists transferred a number of paper-and-pencil measures to the
personal computer platform (see Bartram and Bayliss 1984). A few examples of
computerized versions of traditional paper-and-pencil neuropsychological tests
include: the Raven’s Progressive Matrices (Calvert and Waterfall 1982; French and
Beaumont 1990; Knights et al. 1973; Rock and Nolen 1982; Waterfall 1979); the
Peabody Picture Vocabulary Test (Klinge and Rodziewicz 1976; Knights et al.
1973; Space 1975); the Category Test (Beaumont 1975; Choca and Morris 1992);
the Hidden and Embedded Figures tests (Brinton and Rouleau 1969); and the
Wisconsin Card Sorting Test (Fortuny and Heaton 1996; Heaton 1999). Further,
research by Gilberstadt et al. (1976) looked at automated versions of the
Shipley-Hartford Vocabulary Test, Raven’s Matrices, and Digit Span and Digit
Symbol subtests of the WAIS. Initial attempts at assessing the equivalence of these
measures to traditional tests were made (Eckerman et al. 1985). Early studies tended
to reveal significant test–retest reliabilities and no significant differences were found
between manual and computer administrations (Bartum and Bayliss 1984; Mead
and Drasgow 1993).
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1.3 Computer Scoring of Paper-and-Pencil Tests

For much of the 1980s to early 2000s, the focus of many test developers has been
upon slight revisions of the paper-and-pencil versions with computerized scoring.
Scoring programs for various paper-and-pencil tests have been developed that
allowed for automatic calculation of normative scores, generation of profiles, and
reporting of interpretive statements: California Verbal Learning Test-Second
Edition (Delis et al. 2000); Delis–Kaplan executive function system (Delis et al.
2001); Neuropsychological Assessment Battery (Stern and White 2003); Ruff
Neurobehavioral Inventory (Ruff and Hibbard 2003); Wechsler Adult Intelligence
Scale-Fourth Edition (Wechsler 2008); Wechsler Memory Scale-Fourth Edition
(Wechsler 2009); and the Wisconsin Card Sorting Test (Heaton et al. 1993).

For example, while automated versions of the original WAIS were developed in
1969 (Elwood and Griffin 1972) and again in 1980 (Vincent 1980), these
automations provided only rudimentary stimulus presentation and limited data
recording. The technology used for administration of the Wechsler scales changed
little between the 1980s and the early 2000s. Given the major advances in tech-
nology, it is interesting that for the past few decades, the most widely used neu-
ropsychological tests (e.g., Wechsler scales in various manifestations: WAIS-R,
WAIS III) progressed so little in terms of technological advances (Hartlage and
Telzrow 1980; Guilmette et al. 1990; Lees-Haley et al. 1996). According to a 2005
study surveying assessment practices and test usage patterns among 747 North
American, doctorate-level clinical neuropsychologists, the Wechsler Scales were
the most frequently used tests in their neuropsychological assessments (Rabin et al.
2005). While the administration of the Wechsler scales changed very little during
this time, software was developed that allowed for automatic calculation of nor-
mative scores, generation of profiles, and reporting of interpretive statements.

A recent development for traditional paper-and-pencil assessments is the
establishment of the Q-Interactive platform that enables examiners to create bat-
teries at both the battery (e.g., Wechsler Memory Scale—4th Edition, Delis-Kaplan
Executive Function System) and subtest levels for administration on a portable iPad
device and scored in real time (Daniel 2012, 2013). This automation of traditional
paper-and-pencil tests uses two tablet PCs, one for the examiner and the other for
the examinee. While the examinee’s tablet does little more than replace the tradi-
tionally printed stimulus booklet, the examiner’s tablet offers a number of advances
over simply replacing examiner’s manual: Scores item response times and accuracy
shows the examinee’s touch responses, implements administration rules (e.g., start
and discontinue), and records examiner notes. While this approach offers an
advance via a two-PC approach, it currently offers little else over other
computer-automated neuropsychological assessments.
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2 Application Areas of Computerized Assessments

2.1 Computer-Automated Batteries for Return-to-Capacity
Decisions

2.1.1 Military Neuropsychology and Return-to-Duty Decisions

Military and sport neuropsychology fields have used computer-automated neu-
ropsychological assessments since the 1980s to rapidly and efficiently measure
neurocognitive functioning. Within the US military, computer-based neuropsy-
chological assessments such as the Automated Neuropsychological Assessment
Metrics (ANAM) have been used for both pre- and post-deployment assessment.
The ANAM is a computer-based battery of tests designed to measure a participant’s
neuropsychological functioning. The ANAM was initially developed within the
Department of Defense and the current version represents over 30 years of research
linked to older standardized test batteries, including the Unified Tri-Service
Cognitive Performance Assessment Battery (Reeves et al. 2007). With ongoing
DoD support, ANAM has undergone several revisions and its use has spread from
defense-related research to other academic research areas (Kane et al. 2007).
The ANAM has been widely used to assess acquired brain injury with military
populations (Ivins et al. 2009; Roebuck-Spencer et al. 2012; Vincent et al. 2008;
Vincent et al. 2012). This data collection has led to a large database (N = 107,500
active duty service members ranging from 17 to 65 years of age) for normative
validation (Vincent et al. 2012).

2.1.2 Sports Neuropsychology and Return-to-Play Decisions

Starting in the late 1990s, computer-automated neuropsychological assessments
became a central component of sport-related concussion management (Ferrara et al.
2001; Meehan et al. 2012; Notebaert and Guskiewicz 2005; Randolph 2011; Resch
et al. 2013). According to a recent study by Meehan et al. (2012), 93 % of athletic
trainers used the Immediate Post-concussion Assessment and Cognitive Testing
(ImPACT), followed by 2.8 % using CogSport/CogState (CogState 2011). Part of
the allure of computer-based neuropsychological assessments is that groups of
athletes can be baselined in a brief period of time and then athletic trainers can
longitudinally track their cognitive deficits. Further, the portability of these
computer-based assessments allows them be used on the field when (and where)
injuries happen (Allen and Gfeller 2011; Broglio et al. 2007; Collie and Maruff
2003; Maerlender et al. 2010). Given the portability and automated administration,
sports neuropsychologists are increasingly using computer-automated batteries,
such as ImPact or Cogsport, to inform return-to-play decisions (Lovell 2002; Lovell
et al. 2004; Schatz et al. 2006).
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2.1.3 Immediate Post-concussion Assessment and Cognitive Testing
(ImPACT) Test Battery

Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) is a
computerized battery of tests that was specifically developed for identifying and
managing concussion in athletes and is currently used by a large number of athletic
organizations at various levels of athletic play (Iverson et al. 2003). The primary
aim of ImPACT is to offer a computerized assessment and management tool for
concussive injuries in an athletic environment (Schatz et al. 2006). Using ImPACT,
the sports neuropsychologist is able to objectively evaluate the concussed athlete’s
post-injury condition and track recovery for return-to-play decisions (Schatz et al.
2006). The ImPACT collects basic demographic information, descriptive data, and
various aspects of neurocognitive functioning: Word Memory; Design Memory;
X’s and O’s; Symbol Match; Color Match; and Three Letters (see Table 2). The
ImPACT includes a 22-item Post-Concussion Symptom Scale (Schatz et al. 2006).

Table 2 Computer-automated batteries for return-to-capacity decisions

ANAM CogSport ImPACT

Platform PC-Based Web-based PC or Web-based

Approximate
time (min)

25–30 20 20

Change
assessment

Reliable change
indices

Simple difference
method and effect
sizes

Reliable change
indices

Tests • Simple reaction time
(SRT)

• Code substitution
• Procedural reaction
time

• Mathematical
processing

• Matching to sample
• Code substitution
delayed

• Detection task
• Identification task
• One card learning
• One back
• Chase task
• Groton maze
learning

• Word memory
• Design memory
• X’s and O’s
• Symbol match
• Color match
• Three letters

Psychometrics • Test–retest reliability
(1–16 weeks) did not
meet minimum
criterion for
acceptable reliability

• Validity values
ranging from
−0.01–0.65

• Test–retest
reliability
(10 min–4 weeks)
did not meet
minimum criteria
for acceptable
reliability.

• Validity values
ranged from
0.23–0.83

• Test–retest reliability
(1 day–2 years) did
not meet minimum
criteria for acceptable
reliability.

• Validity values
ranged from
0.20–0.88

Note RT = Reaction time. ImPACT = Immediate Post-Concussion Assessment and Cognitive
Testing. ANAM = Automated Neuropsychological Assessment Metrics
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2.1.4 CogSport/State/Axon Sports

The CogState neuropsychological assessment battery consists of tasks that utilize
playing card stimuli and is presented on a laptop computer (Collie et al. 2002;
Falleti et al. 2006). On each trial of each task, a single playing card is presented in
the center of the computer monitor. The values, color, and suit of the playing cards
are determined by the requirements of each task. Given the emphasis upon
return-to-play decisions, the CogSport/Axon approach to the identification of
concussion-related cognitive impairment has been validated using the baseline
method (Collie et al. 2003). The normative method used for the CogSport/Axon
battery to compare the rates of abnormal performance in noninjured and concussed
athletes (Gardner et al. 2012). In a study designed to determine the sensitivity and
specificity of the CogSport/Axon test battery, Louey et al. (2014) computed nor-
mative data and reliable change indices from a noninjured athlete sample (n = 260)
and a recently concussed sample (n = 29). Results suggests that while the use of the
normative method for CogSport identifies most cases of recent concussions, the
baseline method is preferred for CogSport because it offers a more precise approach
to assessing concussion-related cognitive impairments. The CogSport battery is
made up of the following tests: Detection Task; Identification Task; One Card
Learning; One Back; Chase Task; and Groton Maze Learning (see Table 2).

2.1.5 ANAM-Sports Medicine Battery

While the ANAM was initially developed as a more general cognitive/psychomotor
assessment tool, its potential for assessment of specific neurocognitive disorders is
now being explored. The ANAM platform allows for a flexible or fixed battery of
tests (31 test modules) that are selected by the test administrator to run in an
overarching, sequential manner (Vincent et al. 2008). Given the large normative
database for return-to-duty following brain injury in military samples, the
ANAM-sports medicine battery (ASMB) was developed. The ASMB was designed
for assessment, monitoring, and management of sports-related concussions
(Cernich et al. 2007). The ASMB is made up of the following tests: Simple
Reaction Time (SRT); Code Substitution; Procedural Reaction Time; Mathematical
Processing; Matching to Sample; and Code Substitution Delayed (see Table 3).

2.2 Computer-Automated Neuropsychological Assessment
with Specific Patient Populations

Computerized neuropsychological assessments have been used with a number of
different patient populations. Although computerized neuropsychological testing
has yet to become a routine component of the assessment process, there is
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Table 3 Computerized assessment of aging

Test Hardware
(Input)

Admin
(min)

Domains Strengths Weaknesses

ANAM
Levinson
et al. (2005)

PC/laptop
(Mouse/keyboard/
speech
recognition
optional)

20 • Attention
• Memory
• Concentration
• Executive
function

• Reaction time
• Motor speed
• Language

Correctly
classified
100 % of
AD patients
versus
age-matched
control

Patients
often
exhibited
procedural
confusion

CAMCI
Saxton et al.
(2009)

Tablet PC
(Touch screen)

25 • Attention
• Memory
• Executive
function

• Processing
speed

High sensitivity
(86 %) and
specificity
(94 %) in MCI
detection

Only one
published
study
available, no
data available
in AD
population

CANS-MCI
Tornatore
(2005)

PC/laptop
(Touch screen)

25 • Memory
• Executive
function

• Language

Strong
correlation with
conventional
tests

Only one
published
study
available, no
longitudinal
data
available

CANTAB
De Jager
et al. (2002)

PC/laptop
Also
mobile = iPad
(Touch screen)

Depends
on
subtests

• Attention
• Working
memory

• Visuospatial
memory

Early detection
of memory
deficits

Study data are
available
for only a
small
selection of
subtests

CNS-VS
Gualtieri
(2005)

PC/laptop
(keyboard)

30 • Attention
• Memory
• Psychomotor
speed

• Processing
Speed

• Cognitive
Flexibility

Discrimination
of normal
control versus
MCI, MCI
versus
mild AD

Lack of
normative
data for older
age
groups

CDR
Wesnes
et al. (2010)

PC/laptop
(2-button
answering device)

20–25 • Attention
• Memory
• Reaction time

Good
psychometric
properties.
Measures of
psychomotor
speed showed
possible
sensitivity for
detecting
decline over
6 months

Adds little
diagnostic
value to basic
clinical
workup

(continued)
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increasing interest in the potential benefits of incorporating computerized tests into
neuropsychological assessment of patients with various clinical conditions. Some
examples of studies using computerized neuropsychological assessment of patients
include: attention deficit hyperactivity disorder (Nigg 2005; Sonuga-Barke et al.
2008); bipolar disorder (Sweeney et al. 2000); cardiovascular disease (Raymond
et al. 2006); dementia (Cummings et al. 2012); epilepsy (Witt et al. 2013); multiple
sclerosis (Settle et al. 2015); obsessive–compulsive disorder (Martoni et al. 2015);

Table 3 (continued)

Test Hardware
(Input)

Admin
(min)

Domains Strengths Weaknesses

CogState
Lim et al.
(2013)

PC/laptop/
tablet—
Web-based
(keyboard)

15–20 • Attention
• Memory
• Executive
function

• Language
• Social
cognition

High test–retest
reliability and
stability in all
groups and
adequate to
detect
AD-related
cognitive
impairment

Difficult to
distinguish
early MCI
from
healthy
controls
without
several
rounds of
administration

MicroCog
Elwood
(2001)

PC/laptop
(Set of keyboard
keys)

30–45 • Attention
• Memory
• Reaction time
• Spatial
• Reasoning

Cognitive
scoring
significantly
correlated with
Full
IQ component
WAIS-III

Significant
anxiety/
frustration in
cognitively
impaired
subjects

Mindstreams
Doninger
et al. (2009)

PC/laptop—
Web-based
(keyboard)

45–60 • Attention
• Memory
• Executive
function

• Verbal
Fluency

• Visuospatial
• Motor
• Information
processing

Effective in
detection of
MCI performed
poorly
compared to HC
participants in
all domains,
with significant
differences in
memory
(p = 0.003;
d = 0.96)
executive
function
(p = 0.046;
d = 0.64), and
overall battery
performance
(p = 0.041;
d = 0.63).

Length of
time required
for
completion

Note ANAM = Automated Neuropsychological Assessment Metrics. CAMCI = Computer Assessment of
Mild Cognitive Impairment. CANS-MCI = Computer-administered Neuropsychological Screen for Mild
Cognitive Impairment. CANTAB = Cambridge Neuropsychological Test Automated Battery. CNS-VS =
Central Nervous System Vital Signs. CDR = Cognitive Drug Research
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schizophrenia (Gur et al. 2001; Irani et al. 2012; Nieuwenstein et al. 2001); and
substance abuse (Di Sclafani et al. 2002; Lopez et al. 2001). While there is
increasing interest in using computerized neuropsychological assessments, there is
a large need for the validation of these computerized tests in specific patient pop-
ulations before routine use.

2.2.1 Computerized Assessment of Aging

A number of reviews have emerged to discuss the literature on computerized
neuropsychological assessment batteries that have been developed to provide
cognitive screening of dementia (Canini et al. 2014; Cummings et al. 2012;
de Oliveira and Brucki 2014; Dougherty et al. 2010; Inoue et al. 2009; Zygouris
and Tsolaki 2015). These reviews suggest that computerized neuropsychological
measures may add sensitivity to clinical trials and may be beneficial tracking
cognitive performance among cognitively normal persons where cognitive changes
will prompt a comprehensive neuropsychological assessment (Coley et al. 2011).
Examples of computerized neuropsychological assessments such as the ANAM
(Levinson et al. 2005); Cambridge Neuropsychological Test Automated Battery
(CANTAB; De Jager et al. 2002; Égerházi et al. 2007; Soares and de Oliveira
2015), CogState (Fredrickson et al. 2010; Hammers et al. 2012; Lim et al. 2013),
and Computer Assessment of Mild Cognitive Impairment (Saxton et al. 2009) have
been used in studies with older adults. Findings suggest that computerized neu-
ropsychological tests accurately assess cognition in older adults (Fazeli et al. 2013;
Zygouris and Tsolaki 2015). Key advantages of computerized neuropsychological
assessments with older adults include a high degree of standardization in both
administration, scoring; and sensitivity to declines in psychomotor speed and
reaction time. That said, the reviews also point to some potential concerns for using
computerized neuropsychological assessments with an aging cohort. Some exam-
ples include: the lack of equivalence in participants’ experience with computers,
potential for large practice effects, and the need for psychometric validation of
computerized assessments.

2.2.2 Computerized Assessment of Children

Computerized neuropsychological testing has long been applied for attention deficit
hyperactivity disorder (ADHD). One of the most commonly used computer-based
assessments inADHDevaluations is the continuous performance test (Huang-Pollock
et al. 2012; Nigg 2005; Sonuga-Barke et al. 2008; Willcutt et al. 2005). Another
commonly used measure for children is the Cambridge Neuropsychological Test
Automated Battery (CANTAB) because it is known to be sensitive to cognitive
dysfunction across multiple domains of ADHD and to the amelioration of cognitive
dysfunction through pharmacotherapy (Chamberlain et al. 2011). An advantage of the
CANTAB is that it separates mnemonic and strategic components of working
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memory. There are several studies using the CANTAB to assess medication effects in
ADHD (Bedard et al. 2002, 2004;McLean et al. 2004;Mehta et al. 2004). Further, the
CANTAB has been used to investigate neuropsychological functioning in children
with ADHD (Fried et al. 2012; Rhodes et al. 2005; Gau et al. 2009). A further use of
computerized neurocognitive testing has been with evaluating young athletes for
sports-related concussion. Although current empirical evidence for the development
and utility of computerized neuropsychological testing for preadolescent students is
limited, it is an emerging area in research (De Marco and Broshek 2014). The
Multimodal Assessment of Cognition and Symptoms for Children is an emerging
computerized neuropsychological assessment that was designed to assess cognitive
abilities in children between the ages of 5 and 12 (Vaughan et al. 2014). The battery
consists of six cognitive tests that produce the following composites: Response Speed,
Learning & Memory, and Accuracy/Speed Efficiency. The battery also includes an
assessment of performance validity. Results from a recent study found that there were
no differences between individual versus group format among a sample of children
aged 5 to 18. These findings suggest that computerized baseline assessment can be
effectively administered across groups.

3 “Common Currency” Assessment Batteries

As can be seen from the review in this chapter thus far, there are many comput-
erized neuropsychological assessment batteries that are used to gather information
on aspects of cognitive functioning. While they all tend to have some overlap, there
is an unfortunate lack of uniformity among the measures used to capture these
cognitive constructs. A perhaps greater limitation to adoption for many neuropsy-
chologists is that these computerized assessments are generally expensive. Further,
each computerized assessment must be fully vetted and most are a long way off
from having normative databases on homogenous nondiverse populations and most
do not cover the lifespan. There is great need for computerized assessment tools that
can address these issues and be used as a form of “common currency” across
diverse study designs and populations (Gershon et al. 2013).

3.1 Penn Computerized Neurocognitive Battery

One freely available (to qualified examiners) computerized neuropsychological
assessment battery is the Penn Computerized Neurocognitive Battery (CNB).
The CNB includes a comprehensive battery assessing multiple cognitive domains:
attention; working memory; abstraction and mental flexibility; memory (verbal,
facial, object); language; visuospatial; and emotion processing. This battery has
been administered to patients with schizophrenia, relatives of these patients and

2 Application Areas of Computerized Assessments 59



healthy controls (Gur et al. 2001a, b, 2007). Studies assessing the CNB have
demonstrated good test–retest reliability and sensitivity to diagnosis (Gur et al.
2007). The CNB has also been associated with positive reliability and construct
validity when compared to traditional paper-and-pencil batteries in healthy samples
(Gur et al. 2001a) and in schizophrenia patients (Gur et al. 2001b). The availability
of the CNB in the public domain and Web-based administration has yielded
large-scale normative and disease-specific data on thousands of individuals (Moore
et al. 2015).

3.2 NIH Toolbox

To provide a “common currency” battery that would be free to qualified neu-
ropsychologists, the contract for the NIH Toolbox for the Assessment of
Neurological and Behavioral Function was initiated by the NIH Blueprint for
Neuroscience Research. The goal was to develop a set of computerized neu-
ropsychological measures to enhance the collection of data in large cohort studies
and to advance biomedical research. The NIH Toolbox was one of the initiatives of
the NIH Blueprint for Neuroscience Research. It was developed to offer a validated
battery to measure outcomes in longitudinal, epidemiological, and intervention
studies across the life span (3–85 years of age). The set of measures in the NIH
Toolbox includes the following: cognition, emotion, motor, and sensory function.
The primary goal of the NIH Toolbox was to maximize the yield from large,
expensive studies with minimal increment in subject burden and cost (Gershon
et al. 2010).

A novel component of the NIH Toolbox is that it makes the use of two
approaches that offer promise for strengthening the measurement of psychological
constructs: item response theory (IRT) and computerized adaptive testing (CAT).
The IRT approach offers an alternative to classical test theory by moving beyond
scores that are relative to group-specific norms. In IRT, the probability of a par-
ticular item response is modeled to the respondent’s position on the underlying
construct of interest (Embretson and Reise 2013). This approach can be useful for
providing item-level properties of each NIH Toolbox measure across the full range
of each construct. The NIH Toolbox also uses CAT to shorten the length of time
needed for an assessment. The CAT tests are, on average, half as long as
paper-and-pencil measures with equal or better precision (Weiss 2004). The CAT
approach offers the NIH Toolbox with enhanced efficiency, flexibility, and preci-
sion. It also provides an opportunity to assess more domains of interest without
adversely affecting participant burden.

The NIH Toolbox also assesses affect and psychological well-being in adults
ages 18 and older: positive affect; life satisfaction; and purpose (Salsman et al.
2013). Measures of positive affect assess activated emotion; high arousal (e.g.,
excitement, joy); and low arousal (e.g., contentment, peace). Assessing both
affective valence and the activating nature of an emotion may offer an important
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distinction for improving our understanding about the relation between psycho-
logical well-being and physical health (Cohen and Pressman 2006). Ultimately, the
NIH Toolbox offers a “common currency” for researchers and clinicians to select
the optimal outcome measures for patient populations.

3.3 NIH Executive Abilities: Methods and Instruments
for Neurobehavioral Evaluation and Research
(EXAMINER)

The NIH Executive Abilities Methods and Instruments for Neurobehavioral
Evaluation and Research (EXAMINER) is an NIH-sponsored project to develop a
neuropsychological assessment battery that reliably and validly assesses executive
functions for clinical investigations across awide range of ages and disorders (Kramer
et al. 2014). The NIH EXAMINER was part of a broader NIH effort to develop
“common currency” assessment tools including: the Patient Reported Outcomes
Measurement Information System (PROMIS) and the NIH Toolbox (Weintraub et al.
2013). The NIH EXAMINER project uses three separate approaches to conceptualize
and measure executive functioning: (1) construct-driven parsing of executive ability
into more discrete and measurable constructs (e.g., working memory, set shifting,
fluency, and inhibition); (2) activities of daily living (e.g., decision making, social
cognition); and informant-based rating scales. The NIH EXAMINER is made up of a
series of both paper-and-pencil and computer-automated tasks that target working
memory, inhibition, set shifting, fluency, insight, planning, social cognition, and
behavior. In addition to individual test scores, the NIH EXAMINER yields composite
scores based on item response theory.

In summary, “common currency” initiatives such as the Penn CNB, PROMIS,
NIH Toolbox, and NIH EXAMINER are likely to illuminate understanding and
permit researchers and clinicians to select the optimal outcome measures for their
patient populations.

4 What About Ecologically Valid Computer-Based
Assessments?

An unfortunate limitation of most computer-automated neuropsychological mea-
sures is that they simply automate construct-driven paper-and-pencil assessments.
Two approaches have been taken to address this issue using computerized
assessments. First, there is the assessment of the degree to which performance on a
computerized assessment predicts some aspect of the participant’s everyday func-
tioning. Little is known about how well most computer-automated neuropsycho-
logical tests predict everyday behavior. One example is the use of CPTs to assess
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ADHD symptoms. For example, commission errors (i.e., behavioral response that
occurs when no response is required) are assumed to reflect impulsivity in everyday
life. Omission errors (i.e., failure to respond to a target) are thought to reflect
inattention behaviors. In a large epidemiological study, Epstein and colleagues
(2006) examined the relationships between ADHD symptoms and specific CPT
parameters. Contrary to predictions, they found that omission and commission
errors had a nonspecific relationship to ADHD symptomatology. Omissions were
related to hyperactivity symptoms, not inattention symptoms. Although commis-
sions were related to impulsivity symptoms, they were also related to hyperactivity
and inattention symptoms. Few studies have compared CPT tests with other more
subjective behavioral questionnaires. In a study by Barkley and Murphey (2011),
the Deficits in Executive Functioning Scale (DEFS) was used to assess executive
functioning deficits in daily life. Findings suggested that the CPT scores were
largely unrelated to the executive functioning scale ratings. In fact, of all the CPT
scores, the CPT reaction time was the most closely related which only 7 % of the
variance. Likewise, studies have used the CANTAB to explore the pattern of
associations between self-assessed (e.g., Subjective Scale to Investigate Cognition
in Schizophrenia) and objective neuropsychological performance (CANTAB) in a
sample of outpatients with schizophrenia. Findings suggest that although outpa-
tients with schizophrenia express some cognitive difficulties, the cognitive nature of
these subjective complaints does not strictly correspond with objective perfor-
mances. These results also suggest that theoretical constructs of cognitive functions
do not always have ecological validity. The authors recommend that both objective
performance and subjective cognitive complaints be taken into account in assess-
ment of patient well-being (Prouteau et al. 2004).

Another approach to computer-automated assessment is to develop assessments
that have topographical similarity (i.e., theoretical relation) between the stimuli
used on the computer screen and the skills required for successful praxes in the
natural environment of the patient. For example, the task demands of learning and
recalling of pictures of objects has “theoretical” similarity to the sorts of tasks that a
patient might be required to perform in their everyday lives. One example of this
approach is The Psychologix Computer-Simulated Everyday Memory Battery,
which incorporates video recordings and two-dimensional stimuli that are repre-
sentative of real-world objects and settings. Crook and colleagues (Crook et al.
1979, 1980) have developed this computerized battery over the past 35 years
(previously known as the Memory Assessment Clinics Battery). The battery
includes the following tests: (1) Name–Face Association Test, in which patients
watch video recordings of persons introducing themselves (and name the city that
they are from) and then tested on both immediate and delayed recall; (2) Incidental
Memory Test, which assesses the patient’s recall of the name of the city that was
provided during Name–Face Association test; (3) First–Last Names Test, which
measures associate learning and recall of four to six paired first and last names over
three to six trials; (4) Narrative Recall, in which patients watch a 6-min television
news cast and then are assessed on their ability to answer 25 multiple-choice
questions related to the news broadcast; (5) Selective Reminding, which draws from
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Buschke’s (1973) approach to evaluate learning and retention of 15 grocery items
over five trials; (6) Misplaced Objects Test, in which the patient uses a touch screen
to place common objects (e.g., cup, hat, and boots) in one of twelve boxes (each
box represents a room in a house) on a grid; (7) Recognition of Faces, in which the
patient must touch the monitor to select facial photographs; (8) Telephone Dialing
Test, in which the patient dials 7- or 10-digit numbers by touching a graphic
representation of a telephone dialing pad on a monitor; and (9) Reaction Time, in
which the patient lifts his or her finger off a graphically rendered gas pedal or brake
pedal in response to a red or green traffic light.

An unfortunate limitation of such approaches is the actual “praxes” of these task
may be more representative of a laboratory experiment (i.e., objects presented at a
controlled rate, performed free from distractions, and repeated opportunities to learn
the list of words). Hence, the administrative controls that are in place to ensure
reliability and internal validity may underestimate the implications of a patient’s
cognitive difficulties in everyday life and overestimate functional difficulties (e.g.,
patient may use compensatory strategies in their everyday world). A test with
verisimilitude resembles a task the patient performs in everyday life and links task
demands to the prediction of real-world behavior (Spooner and Pachana 2006).
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Chapter 5
Neuropsychological Assessment 3.0

For a variety of reasons clinical neuropsychology has been
slow to embrace techniques like computer and virtual-based
methods that may have much greater application in detecting
subtle impairments, including those associated with mTBI.

—Erin D. Bigler (2013)

Virtual environments (VEs) are increasingly considered as potential aids in
enhancing the ecological validity of neuropsychological assessments (Campbell
et al. 2009; Parsons 2011; Schultheis et al. 2002; Renison et al. 2012). Part of this
increased interest is due to recent (past 10–15 years) enhancements in 3D rendering
capabilities and shading that accelerated graphics considerably and allowed for
greatly improved texture and shading in computer graphics. Earlier virtual reality
equipment suffered a number of limitations, such as being large and unwieldy,
difficulty in operation, and very expensive to develop and maintain. Over the past
decade, researchers have steadily progressed in making VE hardware and software
more reliable, cost-effective, and acceptable in terms of size and appearance (Bohil
et al. 2011). The VEs of today are advanced computer interfaces that allow patients
to become immersed within a computer-generated simulation of everyday activities.

Given that VEs represent a special case of computerized neuropsychological
assessment devices (Bauer et al. 2012; Schatz and Browndyke 2002), they have
enhanced computational capacities for administration efficiency, stimulus presen-
tation, automated logging of responses, and data analytic processing. Since VEs
allow for precise presentation and control of dynamic perceptual stimuli, they can
provide ecologically valid assessments that combine the veridical control and rigor
of laboratory measures with a verisimilitude that reflects real-life situations (Parsons
2011). Additionally, the enhanced computation power allows for increased accu-
racy in the recording of neurobehavioral responses in a perceptual environment that
systematically presents complex stimuli. Such simulation technology appears to be
distinctively suited for the development of ecologically valid environments, in
which three-dimensional objects are presented in a consistent and precise manner
(Schultheis et al. 2002). VE-based neuropsychological assessments can provide a
balance between naturalistic observation and the need for exacting control over key
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variables (Campbell et al. 2009; Parsons 2011). In summary, VE-based neu-
ropsychological assessments allow for real-time measurement of multiple neu-
rocognitive abilities in order to assess complex sets of skills and behaviors that may
more closely resemble real-world functional abilities (Matheis et al. 2007).

The plan for this chapter is as follows: Sect. 1 will review issues regarding
ecological validity that can be enhanced by virtual reality-based assessments.
Section 2 evaluates construct-driven virtual reality assessments. Section 3 argues
for function-led approaches to neuropsychological assessment. Section 4 gives an
example of affect-sensitive virtual environments. Section 5 looks at virtual reality
environments for memory assessment. The chapter concludes with a discussion of
Neuropsychological Assessment 3.0.

1 What Constitutes an Ecologically Valid Assessment
of Cognitive Functioning

A difficult issue facing neuropsychologists interested in adding virtual environ-
ments to their assessments of real-world functioning is the question of what con-
stitutes an ecologically valid assessment of cognitive functioning. Early attempts to
define ecological validity for neuropsychological assessment emphasized the
functional and predictive relation between a patient’s performance on a set of
neuropsychological tests and the patient’s behavior in everyday life. Franzen and
Wilhelm (1996) refined the definition of ecological validity for neuropsychological
assessment via an emphasis upon two requirements: (1) Verisimilitude: The
demands of a test and the testing conditions resemble demands in the everyday
world of the patient and (2) Veridicality: The performance on a test predicts some
aspect of the patient’s functioning on a day-to-day basis.

1.1 Construct-Driven Versus Function-Led Assessments

A recent development in the ecological validity discussion has been to discuss
neuropsychology’s adaptation of outmoded conceptual and experimental frame-
works. Burgess et al. (2006) argue that most neuropsychological assessments in use
today are construct-driven tests that fail to represent the actual functional capacities
inherent in cognitive (e.g., executive) functions. By “construct-driven,” these
authors are referring to tests that aim to assess a hypothetical cognitive construct
that can be inferred from research findings (e.g., correlation between two variables).
Burgess et al. (2006) give the “working memory” and “general intelligence” as
examples of constructs. They point out that cognitive construct measures like the
Stroop and Tower of London were not originally designed to be used as clinical
measures (Burgess et al. 2006). Instead, these measures were found to be useful
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tools for cognitive assessment and normal populations and then later found their
way into the clinical realm to aid in assessing constructs that are important to
carrying out real-world activities. For example, if a patient’s performance on the
Stroop revealed difficulty inhibiting an automatic, overlearned response, a neu-
ropsychologist may be compelled to report caution relative to an aging patient’s
driving—safe driving of an automobile includes the ability to withhold an over-
learned behavior to press the brakes if a traffic light turns red when the driver is
halfway through the intersection. An unfortunate limitation of this approach to
predicting everyday functioning is that it forces the neuropsychologist to rely on
measures designed for other purposes. Goldstein (1996) questioned this approach
because it is difficult to ascertain the extent to which performance on measures of
basic constructs translates to functional capacities within the varying environments
found in the real world. A decade later, Burgess et al. (2006) agree and argue that a
further issue is that we need assessments that further our understanding about the
ways in which the brain enables persons to interact with their environment and
organize everyday activities. Instead of using the terms “verisimilitude” and
“veridicality” when discussing “ecological validity,” they use the term “represen-
tativeness” to discuss the extent to which a neuropsychological assessment corre-
sponds in form and context to a real-world (encountered outside the laboratory)
situation. They use the term “generalizability” to discuss the degree to which poor
performance on a neuropsychological assessment will be predictive of poor per-
formance on tasks outside the laboratory.

Another example can be found in one of the most widely used measures of
executive function, the Wisconsin Card Sort Test (WCST). The most extensive
normative data are derived from an administration of the WCST that utilizes paper
cards. The stimulus cards are administered by an experimenter on one side of a desk
as he/she faces a participant on the other side of the desk. Participants are presented
with a number of stimulus cards and instructed to match these stimulus cards to
target cards. Although participants are not told how to match the cards, they are
informed whether a particular match is correct or incorrect. It is important to note
that the WCST (like many paper-and-pencil tests in use today) was not originally
developed as a measure of executive functioning. Instead, the WCST was preceded
by a number of sorting measures that were developed from observations of the
effects of brain damage. Nevertheless, in a single study by Brenda Milner (1963),
patients with dorsolateral prefrontal lesions were found to have greater difficulty on
the WCST than patients with orbitofrontal or nonfrontal lesions. However, the
majority of neuroimaging studies have found activation across frontal and non-
frontal brain regions, and clinical studies have revealed that the WCST does not
discriminate between frontal and nonfrontal lesions (Nyhus and Barcelo 2009;
Stuss et al. 1983). Further, while data from the WCST do appear to provide some
information relevant to the constructs of “set shifting” and “working memory,” the
data do not necessarily offer information that would allow a neuropsychologist to
predict what situations in everyday life require the abilities that the WCST mea-
sures. Further, it has been shown that patients with frontal lobe pathology do not
always differ from control subjects on the WCST (Stuss et al. 1983).
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Burgess et al. (2006) suggest that future development of neuropsychological
assessments should result in tests that are “representative” of real-world “functions”
and proffer results that are “generalizable” for prediction of the functional perfor-
mance across a range of situations. According to Burgess et al. (2006), a
“function-led approach” to creating neuropsychological assessments will include
neuropsychological models that proceed from directly observable everyday
behaviors backward to examine the ways in which a sequence of actions leads to a
given behavior in normal functioning and the ways in which that behavior might
become disrupted. As such, call for a new generation of neuropsychological tests
that are “function-led” rather than purely “construct-driven.” These neuropsycho-
logical assessments should meet the usual standards of reliability, but discussions of
validity should include both sensitivity to brain dysfunction and generalizability to
real-world function.

1.2 Importance of Affective States for Cognitive Processing

In recent years, cognitive neuropsychology has witnessed a resurgence of interest in
going beyond the artificial situation of the laboratory to assessments that reflect the
everyday world and bringing together studies of cognitive and affective processing.
Research on emotions is increasingly found in the literature. According to Cromwell
and Panksepp (2011), there is a need for both top-down (cortical → subcortical)
perspectives and concurrent noncognitive modes of bottom-up developmental
thinking. They emphasize inclusion of bottom-up (subcortical → cortical) affective
and motivational “state-control” perspectives. The affective neuroscience approach
represents a more “embodied” organic view that accepts that cognitions are inte-
grally linked to both our neurology and the environments in which we operate. The
affective neuroscience critique that top-down perspectives tend to dominate the
discussion in cognitive-guided research is readily applicable to the contemporary
approach to neuropsychological assessment. Although cognitive-based under-
standings of brain–behavior relationships have grown in recent decades, the neu-
ropsychological understandings of emotion remain poorly defined (Suchy 2011).
There have been attempts to add affective components to assessments of decision
making. For example, the Iowa gambling task (IGT) was developed as a comput-
erized card sorting task of reward-related decision making that measures temporal
foresight and risky decision making (Bechara 2007). Unfortunately, researchers
have argued that the IGT is deficient for understanding the affective impact of
emotional stimuli upon cognitive processing because (1) the observed effects on the
IGT may simply be cognitive (not affective) demands placed resulting from such a
complex decision task (Hinson et al. 2002, 2003) and (2) the IGT is more of a
learning task (Baddeley 2011), whereas a true assessment of affective impact upon
cognitive processing requires a measure of the capacity to evaluate existing valences
(i.e., positive, negative, and neutral). In a similar manner, Fellows and Farah (2005)
have suggested that an elemental deficit in reversal learning (instead of deficit in
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decision making) may better explain the VMPFC lesion patients’ selections of
disadvantageous and risky cards on the IGT. Evidence for this is indicated by
improved performance when the initial bias favoring the disadvantageous decks is
removed by reordering the cards. Hence, while insensitivity to risk is often used to
explain poor performance on the IGT, the learning and explicit reversal components
of the IGT may better explain into what the IGT it is actually tapping. Further, the
IGT falls short of an ecologically valid assessment because it does not mimic
real-world activities. Like other cognitive measures, the IGT was created to assess
the construct of decision making in a laboratory setting, but it remains to be seen
whether a relation between performance on the IGT and real-world decision making
exists (Buelow and Suhr 2009).

2 Construct-Driven Virtual Environments

2.1 Virtual Reality Versions of the Wisconsin Card
Sorting Test

Although VE-based neuropsychological assessments have been proposed as a
potential answer to the requirements for generalizability of everyday functioning,
many of the VEs that have been developed simply recreate construct-driven
assessments in a simulated environment. For example, a number of early VE-based
neuropsychological assessments were modeled off of the WCST (Elkind et al.
2001; Pugnetti et al. 1995, 1998). One of the first VEs modeled off of the WCST
required patients to reach the exit of a virtual building through the use of envi-
ronmental cues (e.g., categories of shape, color, and number of portholes) that aided
in the correct selection of doors leading from room to room (Pugnetti et al. 1995,
1998). Similar to the WCST, after a fixed number of successful trials, the correct
choice criteria (e.g., categories) were changed so that the patient had to shift cog-
nitive set and devise a new choice strategy in order to pass into the next room.
Pugnetti et al. (1998) compared neurologically impaired patients and non-impaired
controls on both the VR task and the WCST. While the controls performed more
successfully on both tests, weak correlations were found between the VR task and
the WCST. As a result, there is question about whether the WCST and the
VE-based assessment were measuring different functions. It is important to note that
the Pugnetti version had a heavy reliance on navigating through a building and this
may have confounded the results.

A more current VE-based neuropsychological assessment modeled off of the
WCST did not have the potentially confounding effects of navigation. In the Virtual
Reality Look for a Match Test (VRLFAM), Elkind et al. (2001) developed a beach
scene, in which participants were asked to deliver frisbees, sodas, popsicles, and
beach balls to umbrellas. Each umbrella had one of the four objects on it (differing
in type, color, and number). As the participant delivered the objects, he/she received
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verbal feedback (e.g., “That’s it” or “That’s not what I want”). Following the
WCST, the participant had 128 turns to twice match 10 times to color, 10 to object,
and 10 times to number (in that order) to successfully complete the task. Results
from comparison of healthy control performance on VRLFAM and the WCST
indicated that all performance scales (with the exception of WCST perseverative
errors) were directly related (Elkind 2001). An unfortunate limitation of modeling
VE-based neuropsychological assessments off of the WCST is that the virtual
analogues, like the original WCST, may not be able to differentiate between
patients with frontal lobe pathology and control subjects (Stuss et al. 1983). Further,
while data from the VE-based assessments, like the WCST, do appear to provide
information relevant to the constructs of “set shifting” and “working memory,” the
VE assessments seem to do little to extend ecological validity.

2.2 Virtual Classroom for Assessment of Attention

Another paradigm borrowed from construct-driven assessments for the develop-
ment of VE-based assessments can be found in the embedding of various
construct-driven tasks (e.g., Stroop and Go/No-Go) into virtual environments.
A number of virtual classroom environments have emerged that include
construct-driven assessments (see Table 1 for review of virtual classrooms over the
past 10 years). In these virtual classrooms, the participant is seated at one of the
desks and is surrounded by desks, children, a teacher, and a whiteboard much like
they would be in a real-world classroom. Various construct-driven tasks can be
presented on the whiteboard in the front of the room, and the participant performs a
task (e.g., Stroop or continuous performance tasks) with auditory (e.g., airplane
passing overhead, a voice from the intercom, the bell ringing) and visual (e.g.,
children passing notes, a child raising his hand, the teacher answering the classroom
door, principal entering the room) distractors in the background.

In a comparison of the traditional Stroop task with the ClinicaVR (Digital Media
Works) version of a VR Classroom Stroop task, Lalonde et al. (2013) found that the
VR Classroom Stroop was correlated with the traditional Stroop measure and was
also reported to be more enjoyable than the traditional Stroop task. The ClinicaVR
(Digital Media Works) VR Classroom also includes a CPT. In a clinical trial of the
virtual classroom, Parsons et al. (2007) compared performance of ten children with
attention deficit/hyperactivity disorder (ADHD) with ten typically developing
children. In this study, children with ADHD performed differently from typically
developing children in a number of different ways: (1) Children with ADHD made
more commission and omission errors; (2) children with ADHD exhibited more
overall body movement; and (3) children with ADHD were more impacted by
distracting stimuli. Additionally, performance measures in the VR Classroom were
significantly correlated with traditional measures and behavior checklists (Parsons
et al. 2007). Thus, the virtual classroom was able to assess not only attentional
abnormalities but also behavioral abnormalities concurrently. These results have
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been replicated in other studies attempting to validate the VR Classroom for use
with ADHD (Adams et al. 2009; Bioulac et al. 2012; Pollak et al. 2009, 2010; see
Table 1).

Perhaps the best validated of these virtual classrooms is the AULA virtual reality
test (Diaz-Orueta et al. 2013; Iriarte et al. 2012). The AULA has a normative
sample comprised of 1272 participants (48.2 % female) with an age range from 6 to
16 years (M = 10.25, SD = 2.83). The AULA is significantly correlated with the
traditional CPT and can distinguish between children with ADHD with and without
pharmacological interventions. In comparison of the AULA Virtual Reality CPT
with standard computerized tests, the AULA VR CPT was found to be more
sensitive to reaction time and rate of omission errors than the TOVA and was also
rated as more enjoyable than the TOVA computerized battery (see Table 1). In
another recent study, Diaz-Oreta et al. (2013) analyzed the convergent validity
between the AULA and the Conners’ Continuous Performance Test (CPT).
The AULA and CPT were administered correlatively with 57 children who had a
diagnosis of ADHD. Convergent validity was indicated via the observed significant
correlations between both tests in all the analyzed variables (omissions, commis-
sions, reaction time, and variability of reaction time).

2.3 Virtual Apartment for Assessment of Attention

The classroom paradigm has been extended to a virtual apartment that superim-
poses construct-driven stimuli (e.g., Stroop and CPT) onto a large television set in
the living room. In a preliminary study, Henry and colleagues (2012) with 71
healthy adult participants found that the VR-Apartment Stroop is capable of elic-
iting the Stroop effect with bimodal stimuli. Initial validation data also suggested
that measures of the VR-Stroop significantly correlate with measures of the
Elevator counting with distracters, the Continuous Performance Task (CPT-II), and
the Stop-it task. Results from regression indicated that commission errors and
variability of reaction times at the VR-Apartment Stroop were significantly pre-
dicted by scores of the Elevator task and the CPT-II. These preliminary results
suggest that the VR-Apartment Stroop is an interesting measure of cognitive and
motor inhibition for adults.

2.4 Construct-Driven Driving Simulations

Another area in which construct-driven assessments have been embedded into
virtual environments is the driving simulator. Using a driving simulator, researchers
can superimpose various stimuli (e.g., Stroop stimuli) to create dual-task assess-
ments of cognitive constructs. Lengenfelder et al. (2002) developed a driving
course in which participants drove a car with the dual-task requirement of correctly
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identifying a four-digit number presented during the driving course. Performance
measures included driving speed and correct number of stimuli identification.
Although results revealed no differences in speed management between the two
groups, participants with a TBI had greater difficulty completing the secondary task
than healthy controls. In a more current study, Cyr and colleagues (2009) used a
similar driving simulator that included a dual-task performance assessment in
patients with moderate and severe levels of TBI compared to healthy controls. The
participants were required to adhere to standard safe driving practices while
responding to dual-task stimuli (flashing symbols in the peripheral field of the
simulated view) at random intervals. Results revealed that the dual-task simulation
was a valid measure for predicting crash rate within the simulation for individuals
with TBI.

3 Need for Function-Led Assessments

Burgess et al. (2006) suggest that future development of neuropsychological
assessments should result in tests that are “representative” of real-world “functions”
and proffer results that are “generalizable” for prediction of the functional perfor-
mance across a range of situations. According to Burgess et al. (2006), a
“function-led approach” to creating neuropsychological assessments will include
neuropsychological models that proceed from directly observable everyday
behaviors backward to examine the ways in which a sequence of actions leads to a
given behavior in normal functioning and the ways in which that behavior might
become disrupted. As such, he calls for a new generation of neuropsychological
tests that are “function-led” rather than purely “construct-driven.” These neu-
ropsychological assessments should meet the usual standards of reliability, but
discussions of validity should include both sensitivity to brain dysfunction and
generalizability to real-world function.

A number of investigators have argued that performance on traditional tests of
executive function (e.g., Wisconsin Card Sorting Test, Stroop Test) has little cor-
respondence to activities of daily living. As such, neuropsychologists are left
uncertain of the efficacy of these tests for predicting the way in which patients will
manage in their everyday lives (Bottari et al. 2009; Manchester et al. 2004;
Sbordone 2008). According to Chan et al. (2008), most of these traditional mea-
sures assess at the impairment level and do not capture the complexity of response
required in the many multistep tasks found in everyday activities. It is important to
note that a number of function-led tests of executive function have been developed
to assess real-world planning (e.g., Zoo Map and Six Elements subtests of the
Behavioral Assessment of the Dysexecutive Syndrome; Wilson et al. 1996) and
self-regulation (e.g., the Revised Strategy Application Test, Levine et al. 2000;
Sustained Attention to Response Test, Robertson et al. 1997; see Chan et al.
2008 for review).
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3.1 Multiple Errands Paradigm for Function-Led
Assessments

Shallice and Burgess (1991) developed the Multiple Errands Test (MET) as a
function-led assessment of multitasking. The MET requires the patient to perform a
number of relatively simple but open-ended tasks in a shopping context.
Participants are required to achieve a number of simple tasks without breaking a
series of arbitrary rules. The MET has been shown to have increased sensitivity
(over traditional neuropsychological measures) to elicit and detect failures in
executive function (e.g., distractibility and task implementation deficits). It has also
been shown to be better at predicting behavioral difficulties in everyday life
(Alderman et al. 2003). Further, the MET has been found to have strong inter-rater
reliability (Dawson et al. 2009; Knight et al. 2002), and performance indices from
the MET were able to significantly predict severity of everyday life executive
problems in persons with TBI (Cuberos-Urbano et al. 2013).

Potential limitations for the MET are apparent in the obvious drawbacks to
experiments conducted in real-life settings (e.g., Bailey et al. 2010). Logie et al.
(2011) point out a number of limitations in the MET: (1) time-consuming;
(2) transportation is required for participants; (3) consent from local businesses;
(4) lack of experimental control; and (5) difficulty in adapting tasks for other
clinical or research settings. McGeorge et al. (2001) modeled a Virtual Errands Test
(VET) off of the original MET. However, the VET tasks were designed to be more
vocationally oriented in format containing work-related as opposed to the shopping
errands used in the MET. In a study involving five adult patients with brain injury
and 5 unimpaired matched controls, participants completed both the real-live MET
and the VET. Results revealed that performance was similar for real-world and VE
tasks. In a larger study comparing 35 patients with prefrontal neurosurgical lesions
to 35 controls matched for age and estimated IQ (Morris et al. 2002), the VE
scenario was found to successfully differentiate between participants with brain
injuries and controls. A limitation of these early VEs is that the graphics were
unrealistic, and performance assessment involved video recording test sessions with
subsequent manual scoring.

In the past decade, a number of virtual environments with enhanced graphics (and
usability) have been developed to model the function-led approach found in the
MET. In addition to the virtual environments for assessment of nonclinical popu-
lations (Logie et al. 2011), a number of virtual errand protocols have been developed
to evaluate executive functions of clinical populations (see Table 2 for review of
virtual errand protocols over the past 10 years). For example, virtual shopping
scenarios (see Parsons et al. 2013 for review) offer an advanced computer interface
that allows the clinician to immerse the patient within a computer-generated simu-
lation that reflects activities of daily living. They involve a number of errands that
must be completed in a real environment following certain rules that require problem
solving. Since they allow for precise presentation and control of dynamic perceptual
stimuli, they have the potential to provide ecologically valid assessments that
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combine the control of laboratory measures within simulations that reflect real-life
situations.

A number of other function-led VEs are being modeled to reflect the multi-
tasking demands found in the MET. The Multitasking in the City Test (MCT) is
modeled after the MET and involves an errand-running task that takes place in a
virtual city (Jovanovski et al. 2012a, b). The MCT can be distinguished from
existing VR and real-life METs. For instance, MCT tasks are performed with less
explicit rule constraints. This contrasts with the MET, in which participants must
abide by certain rules (not traveling beyond a certain spatial boundary and not
entering a shop other than to buy something). This difference was intentional in the
MCT because the researchers aimed to investigate behaviors that are clearly not
goal-directed. The MCT is made up of a virtual city that includes a post office, drug
store, stationary store, coffee shop, grocery store, optometrist’s office, doctor’s
office, restaurant/pub, bank, dry cleaners, pet store, and the participant’s home.
Although all buildings in the MCT VE can be entered freely, interaction within
them is possible only for those buildings that must be entered as part of the task
requirements. The MCT was used to compare a sample of post-stroke and traumatic
brain injury (TBI) patients to an earlier sample of normal controls. Jovanovski et al.
(2012b) found that although the patient sample developed adequate plans for
executing the tasks, their performance of the tasks revealed a greater number of
errors. The MCT was significantly correlated with a rating scale completed by
significant others.

Virtual reality assessments modeled off of the MET have also been created and
validated in samples with stroke or injury-related brain deficits. These protocols are
often placed in living of work settings (see Table 2 for review of MET-based VEs
from the past 10 years): virtual office tasks (Jansari et al. 2013; Lamberts et al.
2009; Montgomery et al. 2011); virtual apartment/home tasks (Saidel-Goley et al.
2012; Sweeney et al. 2010); virtual park (Buxbaum et al. 2012); virtual library task
(Renison et al. 2012); virtual anticipating consequences ask (Cook et al. 2013);
virtual street crossing (Avis et al. 2013; Clancy et al. 2006; Davis et al. 2013;
Nagamatsu et al. 2011); and virtual kitchen (Cao et al. 2010) (Table 3).

An example of a recently developed virtual environment for function-led
assessment is the virtual library task. Renison et al. (2012) aimed to investigate
whether performance on a virtual library task was similar to performance of the
same task in a real-world library. Findings revealed that scores on the virtual library
task and the real-world library task were highly positively correlated, suggesting
that performance on the virtual library task is similar to performance on the
real-world library task. This finding is important because the virtual reality envi-
ronment allows for automated logging of participant behaviors and it has greater
clinical utility than assessment in real-world settings. Comparisons of persons with
traumatic brain injury and normal controls supported the construct validity of the
virtual library task as a measure of executive functioning. In fact, the virtual library
task was found to be superior to traditional (e.g., WCST) tasks in differentiating
between participants with TBI and healthy controls. For example, the WCST failed
to significantly differentiate between the two groups. This is consistent with studies
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that have reported no significant differences between control and brain-injured
performances on the WCST (Alderman et al. 2003; Dawson et al. 2009; Ord et al.
2009). The authors contend that the disparity between the demands of functional
assessments and traditional testing environments most likely accounts for the dif-
ferences (Manchester et al. 2004).

3.2 Driving Simulator Paradigm for Function-Led
Assessments

Another area of function-led assessments can be found in VE-based neuropsy-
chological assessments that use driving simulators (see Table 4 for review of
driving simulators over the past 10 years). The successful operation of a motor
vehicle requires coordination of multiple functional behaviors. Given its com-
plexity, driving is often an ability that becomes difficult for clinical populations. It is
important to note that the literature on cognitive assessment using driving simu-
lation is vast and beyond the scope of this review. Perhaps the most comprehensive
review of executive function assessments in relation to fitness to drive is
Asimakopulos et al. (2012). For additional articles about driving simulation, see
Calhoun and Pearlson (2012) or Schultheis et al. (2007). Unfortunately, these
reviews do not look at the construct-driven versus function-led approach that is
discussed herein. As a result, this chapter would be remiss if it did not attempt to
give a general summary of the efforts of researchers in this area.

VR driving simulators have been used to investigate driving performance in
individuals with ADHD (Barkley et al. 2007; Barkley et al. 2005; Cox et al. 2008;
Knouse et al. 2005); alcohol or drug impairment (Allen et al. 2009; Barkley et al.
2007); and brain injury (Liu et al. 1999; Milleville-Pennel et al. 2010; Schultheis
and Mourant 2001; Schultheis et al. 2007; Wald and Liu 2001; Wald et al. 2000).
While driving simulators may not assess driving capabilities in a manner exactly the
same as an on-road driving test, both tests have their limitations as indicators of
actual driving performance owing to different methods and demand characteristics.
Further, past research has shown that virtual reality simulators have evidence of
validity for predicting actual driving performance and risks (Bedard et al. 2010; Lee
et al. 2003a, b).

While there is currently limited empirical evidence to determine the efficacy of
driving simulation for function-led assessment of executive functioning, Bedard
and colleagues (2010) found preliminary support for assessing driving performance
in relation to cognitive functioning using driving simulations. Further, it may be
best to view driving simulator results as complementary assessment data to tradi-
tional neuropsychological assessment data (Lew et al. 2005; Milleville-Pennel et al.
2010; Patomella et al. 2006).
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4 Virtual Environments for Assessment of Memory

Virtual environments are increasingly being used for assessment of memory in
experimentally controlled simulations of everyday activities with various levels of
immersion and fidelity (Benoit et al. 2015; Mueller et al. 2012). Of particular
interest to memory researchers is the balance of experimental control and simula-
tion of everyday memory found in virtual environments (Plancher et al. 2010,
2012). By “everyday memory,” these researchers mean the memory functioning
embedded within daily activities and includes a multiplicity of autonomous or
associated neurocognitive domains that function in a global and homogenous
manner (Magnussen and Heilstrup 2007). An example of everyday memory would
be maintaining the intention to purchase groceries while driving to one’s apartment
after work and concurrently seeing a certain café on the boulevard that calls to
memory a conversation one had with a friend at the café. For neuropsychologists,
the understanding of memory functioning in everyday life settings is critical for
differential diagnoses, particularly when the patient is aging and/or has a brain
injury.

Often neuropsychologists make use of laboratory tests designed to maintain
experimental control while targeting specific memory constructs (e.g., episodic
memory, working memory). While findings from these laboratory-administered and
construct-driven tests reveal impaired memory, they often lack ecological validity
because the same patients are often able to function well in everyday life. These
conflicting results may reflect differences in demand levels between controlled
laboratory tasks and everyday life. To extend ecological validity and gain a better
understanding of their patients’ everyday memory functioning, neuropsychologists
often elicit subjective memory complaints via self-rating scales (Ossher et al. 2013;
Trop et al. 2015). This veridical approach to ecological validity considers subjective
ratings of everyday memory (Calabria et al. 2011) to be ecologically valid when the
subjective ratings are significantly correlated with objective performances on
construct-driven neuropsychological tests. Unfortunately, the self-report of memory
performance used in the veridicality approach often shows only modest or non-
significant correlations with performance on construct-driven neuropsychological
assessments (Beaudoin and Desrichard 2011; Mascherak and Zimprich 2011). In
fact, subjective ratings of overall memory performance show stronger correlations
with affective factors such as depression and stress (Benito-León et al. 2010).

An alternative to veridicality is the verisimilitude approach, in which neu-
ropsychologists seek to ensure that the characteristics of a test are similar to the
environments, functions, and activities that their patients experience daily.
Increasingly, new measures are being developed that more closely approximate
everyday activities and behaviors. For example, the Rivermead Behavioral Memory
Test (RBMT; Wilson et al. 1999) was developed by Barbara Wilson and colleagues
to provide information on memory in everyday situations. The RBMT consists of
eleven subtests designed to assess memory difficulties frequently encountered by
patients with acquired brain damage. Review of the ecological validity of
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neuropsychological tests has provided support for the superiority of verisimilitude
tests as the results from these measures tended to be more consistently related to the
outcome measures than the traditional paper-and-pencil tests.

An unfortunate limitation for this approach is that although these neuropsy-
chologists have developed instruments that more closely approximate skills
required for everyday functioning, have not made use of advances in computer
technology. As a result, they are in danger of continuing the negative trend that
de-emphasizes psychology’s role as a science. As Sternberg has contended, neu-
rocognitive testing needs progress in ideas, not just new measures, for delivering
old technologies. Given that virtual environments allow for participants to carry out
neurocognitive and sensorimotor tasks while immersed in simulation of real-world
activities, memory researchers may find it to be an important tool to add to their
battery of memory tests. Virtual environment-based research has been used to study
spatial learning and memory in young (e.g., Barra et al. 2012; Gras et al. 2013) and
older adults (see Moffat 2009 for review). Interestingly, Gras et al. (2013) used a
virtual environment to assess spatial memory and found that working memory
components are involved in the construction of spatial memory. Further, individual
differences modulate the involvement of working memory in that participants with
higher visuospatial abilities used more spatial working memory than participants
with lower spatial capacities.

4.1 Virtual Environments for Episodic Memory
in Complex Conditions

Growing support is apparent for using virtual environments to investigate episodic
memory in complex conditions (Sauzéon et al. 2011; Plancher et al. 2012). For
example, memory researchers have used virtual environments for neuropsycho-
logical assessment of object memory (Matheis et al. 2007; Parsons and Rizzo 2008;
Sauzéon et al. 2012; Widman et al. 2012). Matheis and colleagues (2007) used a
virtual office to compare memory performance in participants with traumatic brain
injury and healthy controls. During the assessment, participants were immersed in
the virtual office and instructed to perform a list-learning memory test that was
followed by recall and recognition trials after a short (30 min) and long (24 h)
delay. The results indicated that virtual environment-based learning and memory
testing has potential for distinguishing between participants from brain injury and
control groups. A significant relation was found between the virtual office and a
standard auditorily mediated (i.e., California Verbal Learning Test) neuropsycho-
logical measure of learning and memory.

In a similar study aimed at using virtual reality to assess object learning and
memory, Parsons and Rizzo (2008) developed a virtual city task that reflected tasks
found in the Hopkins Verbal Learning Test—Revised (HVLT-R) and the Brief
Visuospatial Memory Test—Revised (BVMT-R). Before being immersed in the
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virtual city, participants took part in a learning task in which they were exposed to
language- and graphic-based information without any context across three free
learning trials. Next, they were immersed into the virtual environment and they
followed a virtual human guide to five different zones of a virtual city. In each zone,
participants searched the area for two target items (i.e., items from the learning
phase). Following immersion in each of the five zones, participants performed short
and long delay free and cued recall tasks. Parsons and Rizzo compared results from
the virtual city to traditional paper-and-pencil tasks and found the virtual city was
significantly related to paper-and-pencil measures (both individual and composites)
of both visually and auditorily mediated learning and memory (convergent
validity).

Other researchers have extended object memory to include contextual infor-
mation such as the location, character, and moment associated with each object
(Burgess et al. 2001, 2002; Rauchs et al. 2008; Plancher et al. 2010, 2012, 2013).
For example, Arvind-Pala et al. (2014) assessed everyday-like memory using a
virtual environment-based Human Object Memory for Everyday Scenes (HOMES)
test. In this virtual paradigm that included a virtual apartment to simulate the
California Verbal Learning Test, older adults and brain-injured patients displayed
comparably poor recall and a recognition benefit.

4.2 Active Versus Passive Navigation

In a study investigating age-related episodic memory using a virtual town, Plancher
et al. (2010) found that older adults had deficits in episodic recall compared to
younger adults. It is important to note that some virtual environment studies have
examined the role of active versus passive navigation in episodic memory perfor-
mances. An example can be found in Brooks et al. (1999) comparison of partici-
pants assigned to a free active navigation (using a joystick) with participants
assigned to a passive condition. Findings revealed that the active condition
enhanced recall of spatial layout, but not the recall of objects observed during
navigation. In a similar study, Sauzéon et al. (2011) found that episodic memory for
objects placed in the rooms of two virtual apartments was increased by active
compared to passive navigation. Likewise, active navigation was found by Plancher
et al. (2012) to offer an advantage in an aging cohort. Although active navigation
has been shown to increase feature binding (what–where–when), it has also been
shown to have a negative impact on recall of perceptual details associated to
elements (e.g., a car accident). The active navigation advantage has been argued to
result from the enhancement of item-specific processing (Sauzéon et al. 2011;
Plancher et al. 2012, 2013). Further, the loss might be contingent on the level of
involvedness of active navigation (Wolbers and Hegarty 2010; Plancher et al.
2012). For some memory researchers, these inconsistencies may be due to incon-
sistencies in the experimental designs (Bakdash et al. 2008; Chrastil and Warren
2012). Bakdash et al. (2008) found that decision making with or without motor
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control is an essential cognitive process in active navigation that impacts spatial
memory. In a related study, Plancher et al. (2013) found that motor interaction
(unlike decision making) resulted in inferior memory for items. In another recent
study, Jebara and colleagues (2014) examined the impact of action relative to
passive navigation and the locus of decisional control (self or externally imposed)
on episodic memory. Findings revealed an age-related decline for immediate and
delayed feature binding. Further, active navigation was shown to enhance episodic
memory when it is not too demanding for participant’ cognitive resources.

4.3 Prospective Memory

Although the majority of neuropsychological assessments of memory focus on
retrospective memory recall of a previously experienced episode, there is growing
interest in prospective memory of a future intention after some period of delay or
memory for intentions. A range of tasks exemplify prospective memory and
remembering to remember that one needs to mail a letter, complete an errand at the
grocery store, or take medication. Virtual environments have the potential to bal-
ance the demands of ecological validity with the sensitivity and specificity of
traditional measures of prospective memory (Knight and Titov 2009). Three
approaches to assessing prospective memory have been proposed: (1) Time-based
prospective memory tasks include measures where the cue for action is a moment in
time (e.g., calling someone at 2 p.m.); (2) event-based prospective memory tasks
includes measures where the cue is some signal in the environment (e.g., oven
alarm signals to remove cake); and (3) action-based prospective memory tasks that
are less demanding (when compared to time- and event-based) tasks includes
external cues that coincide with the end of an ongoing activity and thus do not
require the interruption of the activity (e.g., turning off the lights when leaving a
room). A number of virtual environments have been used to assess prospective
memory based on time, events, and action (Jansari et al. 2013, 2014; Sweeney et al.
2010). Example virtual environments for prospective memory include virtual office
(Jansari et al. 2004; Logie et al. 2011); virtual bungalow (Sweeney et al. 2012);
virtual library task (Renison et al. 2012); virtual shopping (Canty et al. 2014;
Kinsella et al. 2009), virtual breakfast task (Craik and Bialystok 2006); and virtual
street (Knight and Titov 2009).

In a recent study of participants with TBI, Canty et al. (2014) developed and
implemented a virtual reality shopping task to measure time- and event-based
prospective memory. They aimed to assess the validity of this virtual measure via
comparisons between groups (TBI and healthy controls) and traditional neu-
ropsychological measures. In the virtual environment, the participant controls an
avatar to achieve certain tasks, while also completing time-based (e.g., send a text
message at a certain time) and event-based (e.g., press a key when participant hears
the word “sale”) prospective memory tasks. Results revealed sensitivity, convergent
validity, and ecological validity of the virtual environment. Participants in the TBI
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group performed significantly worse than controls on event- and time-based
prospective memory tasks in the virtual environment. Prospective memory per-
formance in the virtual environment by the TBI group significantly correlated with
performance on measures of mental flexibility (Trail Making Test: Parts A and B),
verbal fluency, and verbal memory (Hopkins Verbal Learning Test—Revised).
Findings such as these provide preliminary evidence of the promise of virtual
environments for ecologically valid assessment of everyday prospective memory.

Recently, a virtual library task has been developed and validated to measure
executive functioning and prospective memory (time- and event-based). In addition
to virtual library task, participants (TBI group and healthy control group) were
administered a real-life analogous task and neuropsychological measures (WCST;
verbal fluency; Brixton Spatial Anticipation Test; Zoo Map; and Modified Six
Elements Test) of executive functioning. Results revealed significant positive
correlations between the virtual library task and the real-life analogous. Further, the
participants in the TBI group performed significantly worse than controls on the
virtual library task and the Modified Six Elements Test. Participants in the TBI
group obtained significantly lower scores than participants in the control group on
the VLT prospective working memory, time-based prospective memory, and
event-based prospective memory. Interestingly, the other neuropsychological
measures of executive functioning failed to differentiate participants from TBI and
control groups. Authors suggest that since the virtual library task and the Modified
Six Elements Test significantly predicted everyday executive functioning and
prospective memory, they are both ecologically valid tools. These findings offer
support for the use of virtual environments. While other neuropsychological mea-
sures failed to differentiate TBI participants from healthy controls, the virtual
environment was able to differentiate between TBI and healthy control groups.

An interesting result for both spatial memory and episodic memory is that
findings from studies using virtual environments at times reflect a reliance on
executive functions and working memory. For spatial memory, Gras et al.
(2013) found that working memory components are involved in the construction of
spatial memory and individual differences modulate the involvement of working
memory. It has also been shown that age-related memory differences after active
navigation are mediated by executive functions (Gyselinck et al. 2013; Jebara et al.
2014; Taillade et al. 2013). Taillade and colleagues (2013) found that even when
participants from an older cohort have equivalent spatial knowledge to younger
adults, they had greater difficulties with the wayfinding task. They argued that this
supports an executive decline view in age-related wayfinding difficulties. Likewise,
Jebara and colleagues (2014) found that controlling both the pedals and a steering
wheel in a complex virtual environment resulted in differing degrees of
executive/attentional load. Given the results of these studies and those mentioned
above for functional assessment of executive functioning, there appears to be
growing need for research into the use of virtual environments for the fractionating
of component neurocognitive processes.
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5 Enhanced Ecological Validity via Virtual Environments
for Affective Assessments

In addition to the cognitive processing assessments mentioned above, virtual
environments are also being used to assess affective processes. Virtual reality has
recently become an increasingly popular medium for assessment of various aspects
of affective arousal and emotional dysregulation (Parsons and Rizzo 2008). It has
been found to be an especially useful modality for intervening with a participant
when real-world exposure would be too costly, time-consuming, or hazardous. In
the following, a number of application areas for affective arousal using virtual
environments are discussed: general fear conditioning; affective responses in
everyday contexts; affective responses in threatening contexts; and affective pro-
cessing of moral dilemmas. These areas were chosen because they cover the range
of contexts for affective responding from simple fear conditioning to real-world
moral dilemmas.

5.1 Virtual Environments for Studies of Fear Conditioning

One application of interest for affective neuroscience is the use of virtual envi-
ronments for studies of fear conditioning (Alvarez et al. 2007; Baas et al. 2008).
Virtual environments offer an ecologically valid platform for examinations of
context-dependent fear reactions in simulations of real-life activities (Glotzbach
2012; Mühlberger et al. 2007). Neuroimaging studies utilizing virtual environments
have been used to delineate brain circuits involved in sustained anxiety to unpre-
dictable stressors in humans. In a study of contextual fear conditioning, Alvarez
et al. (2008) used a virtual office and fMRI to investigate whether the same brain
mechanisms that underlie contextual fear conditioning in animals are also found in
humans. Results suggested that contextual fear conditioning in humans was con-
sistent with preclinical findings in rodents. Specifically, findings support hot
affective processing in that the medial aspect of the amygdala had afferent and
efferent connections that included input from the orbitofrontal cortex. In another
study using a virtual office, Glotzbach-Schoon et al. (2013) assessed the modulation
of contextual fear conditioning and extinction by 5HTTLPR (serotonin
transporter-linked polymorphic region) and NPSR1 (neuropeptide S receptor 1)
polymorphisms. Results revealed that both the 5HTTLPR and the NPSR1 poly-
morphisms were related to hot affective (implicit) processing via a fear-potentiated
startle. There was no effect of the 5HTTLPR polymorphism on cold cognitive
(explicit) ratings of anxiety. Given the ability of virtual environments to place
participants in experimentally controlled yet contextually relevant situations, there
appears to be promise in applying this platform to future translational studies into
contextual fear conditioning.
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5.2 Virtual Environments to Elicit Affective Responses
in Threatening Contexts

Recently, virtual environments have been applied to the assessment of both “cold”
and “hot” processes using combat-related scenarios (Armstrong et al. 2013; Parsons
et al. 2013). The addition of virtual environments allows affective neuroscience
researchers to move beyond the ethical concerns related to placing participants into
real-world situations with hazardous contexts. The goal of these platforms is to
assess the impact of hot affective arousal upon cold cognitive processes (see
Table 5). For example, Parsons et al. (2013) have developed a Virtual Reality
Stroop Task (VRST) in which the participant is immersed in a simulated High
Mobility Multipurpose Wheeled Vehicle (HMMWV) and passes through zones
with alternating low threat (driving down a deserted desert road) and high threat
(gunfire, explosions, and shouting among other stressors) while dual-task stimuli
(e.g., Stroop stimuli) were presented on the windshield. They found that the
high-threat zones created a greater level of psychophysiological arousal (heart rate,
skin conductance, respiration) than did low-threat zones. Findings from these
studies also provided data regarding the potential of military-relevant virtual
environments for measurement of supervisory attentional processing (Parsons et al.
2013). Analyses of the effect of threat level on the color–word and interference
scores resulted in a main effect of threat level and condition. Findings from the
virtual environment paradigm support the perspective that (1) high information load
tasks used for cold cognitive processing may be relatively automatic in controlled
circumstances—for example, in low-threat zones with little activity, and (2) the
total available processing capacities may be decreased by other hot affective factors
such as arousal (e.g., threat zones with a great deal of activity). In a replication
study, Armstrong et al. (2013) established the preliminary convergent and dis-
criminant validity of the VRST with an active-duty military sample.

In addition to virtual environment-based neuropsychological assessments using
driving simulators, a number of other military-relevant virtual environments have
emerged for neurocognitive assessment of cold and hot processes. For example,
Parsons et al. (2012, 2014) immersed participants into a Middle Eastern city and
exposed participants to a cold cognitive processing task (e.g., paced auditory serial
addition test) as they followed a fire team on foot through safe and ambush (e.g.,
hot affective—bombs, gunfire, screams, and other visual and auditory forms of
threat) zones in a Middle Eastern city. In one measure of the battery, a
route-learning task, each zone is preceded by a zone marker, which serves as a
landmark to assist in remembering the route. The route-learning task is followed
immediately by the navigation task in which the participants were asked to return to
the starting point of their tour through the city. Courtney et al. (2013) found that the
inclusion of hot affective stimuli (e.g., high-threat zones) resulted in a greater level
of psychophysiological arousal (heart rate, skin conductance, respiration) and
decreased performance on cold cognitive processes than did low-threat zones.
Results from active-duty military (Parsons et al. 2012) and civilian (Parsons and
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Courtney 2014) populations offer preliminary support for the construct validity of
the VR-PASAT as a measure of attentional processing. Further, results suggest that
the VR-PASAT may provide some unique information related to hot affective
processing not tapped by traditional cold attentional processing tasks.

6 Conclusions

Virtual environment-based neuropsychological assessments afford several impor-
tant advantages for clinical application in the assessment of deficits. Some positive
attributes of these VE-based neuropsychological assessments include enhanced
ecological validity, simulation customizability, affordability, safety and efficiency,
applicability to a wide range of impairments, user-friendly interfaces, data capture,
and real-time analyses of performance (Parsons 2011). While there is a great deal of
optimism surrounding the potential of virtual environments for ecologically valid
assessments of cognitive functioning, this chapter argues that this optimism may be
decreased by the reality that many of these virtual environments are in fact simply
placing traditional construct-driven stimuli into various simulations of real-life
environments. Hence, the difficult issue facing neuropsychologists interested in
adding virtual environments to their assessments of real-world functioning is the
question of what constitutes an ecologically valid assessment of executive func-
tioning. As Burgess and colleagues (2006) have pointed out, the majority of neu-
ropsychological assessments currently in use today were developed to assess
cognitive “constructs” without regard for their ability to predict “functional”
behavior. Virtual environments that simply recycle these construct-driven para-
digms run the risk of perpetuating a declining emphasis in the world of neu-
ropsychological assessment. That said, there are a number of virtual environments
reviewed that meet the standards laid out by Burgess et al. (2006) and emphasize a
function-led approach to assessing executive functions using simulated
environments.

Function-led virtual environment-based neuropsychological assessment is an
emerging area of application. However, this area requires substantial research and
development to establish acceptable psychometric properties and clinical utility.
Regardless of the purported advantages of virtual environments, there are several
critical areas that require further development. One area of note is the compatibility
of current VE hardware and software components. Further, it is important to note
that researchers of VE-based neuropsychological assessments have often sought to
establish construct validity by demonstrating significant associations between
construct-driven virtual environments with other traditional construct-driven mea-
sures (e.g., Armstrong et al. 2013; Matheis et al. 2007; Parsons and Rizzo 2008). In
the area of function-led assessment, multiple cognitive domains may be involved in
the simulation of real-world tasks, and associations with traditional construct-driven
tests may be necessarily lower than is typically desired to establish construct
validity. In this context, the degree to which a VE-based neuropsychological
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assessment modeled using a function-led approach accurately predicts relevant
real-world behavior may be more important than large-magnitude associations with
traditional construct-driven paper-and-pencil tests. Future research should consider
this issue in the design of function-led VE-based neuropsychological assessment
studies. In addition to these technical issues, clinicians, researchers, and policy-
makers will need to scrutinize emerging VE-based neuropsychological assessments
to ensure adherence to legal, ethical, and human safety guidelines. Finally, the
matching of specific technologies to the needs and capacities of the patient will also
require careful consideration be neuropsychologists.

A pressing need among neuropsychologists is the identification of VE-based
neuropsychological assessments that reflect relevant underlying cognitive and
behavioral capacities for assessments of varying degrees of cognitive deficits.
VE-based neuropsychological assessments must demonstrate relevance beyond that
available through simpler means of assessment. As such, there is specific need for
VE-based neuropsychological assessments to be sufficiently standardized within the
range and nature of responses available to participants within the virtual environ-
ment to allow for reliable measurement. Through the amassing of multiple studies
of various clinical populations, VE-based neuropsychological assessments may
reveal relevant responses that can be cataloged and defined as measurable factors in
a virtual environment. This will require large-scale research trials for validation of
measures and development of norms. For neurocognitive assessment of clinical
populations, increased research is needed. This research will require large partici-
pant pools consisting of patients and normal controls from various samples.

Given the above, it is possible that VE-based neuropsychological assessments
developed as function-led assessments can meaningfully inform a neuropsycholo-
gist’s predictive statements about a patient’s real-world functioning. Considering
these aspects may lead to the missing of decrements in many aspects of cognition
that are critical to competence in everyday life. Some progress has been made in
various areas of VE-based neuropsychological assessment. Herein, a general sci-
entific approach to the neuropsychology of executive function is proffered that
stresses the importance of analyzing the demands made by real-world situations and
then trying to mimic them in the laboratory. To the extent that this approach is
correct, it is hoped that neuropsychologists interested in virtual environment-based
will go from construct-driven to function-led assessments as a starting point both
for the development of new and better clinical tests of executive function and also
for basic neuropsychological investigations.
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Part III
Next Generation Neuropsychological

Applications



Chapter 6
Telemedicine, Mobile, and Internet-Based
Neurocognitive Assessment

Another possibility for increasing throughput is to adopt less
labor-intensive procedures for example, it is possible to collect
information of certain behavioral features through assessment
tools that can be self-administered over the Internet by
individuals throughout the world.

—Freimer and Sabatti (2003)

A new medium for delivering neuropsychological assessments has emerged as a
result of the Internet. Recent surveys have revealed that over 3.1 billion people now
have access to the Internet. The distribution of this number by country reveals the
following: China = 642 million; USA = 280 million; India = 243 million;
Japan = 109 million; Brazil = 108 million; Russia = 84 million, among others
(Internet Live Stats 2015). In the USA, 86.75 % of the residents have access to the
Internet. Telemedicine is an area that has developed for the use and exchange of
medical information from one site to another via electronic communications,
information technology, and telecommunications. When researchers are discussing
“telemedicine,” they typically mean synchronous (interactive) technologies such as
videoconferencing or telephony to deliver patient care. When the clinical services
involve mental health or psychiatric services, the terms “telemental health” and
“telepsychiatry” are generally used (Yellowlees et al. 2009).

Recently, the term “teleneuropsychology” has emerged for cognitive assess-
ments that act as natural extensions of the movement in health care to expand the
availability of specialty services (Cullum and Grosch 2012). Within the teleneu-
ropsychology framework, neuropsychologists use video teleconferencing, smart-
phones, and Web-based assessment for remote assessment of patients in rural areas
(Hilty et al. 2006). As a specialty service, teleneuropsychology allows for the
assessment of patients potentially impacted by neurocognitive impairments that are
geographically isolated. Evaluation of the patient is performed via a personal
computer, digital tablet, smartphone, or other digital interface to administer, score,
and aide interpretation of neuropsychological assessments (Cullum et al. 2014).
Preliminary evaluation of patient acceptance of this methodology has revealed that
teleneuropsychology appears to be well accepted by consumers. Parikh et al.
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(2013) found 98 percent satisfaction and approximately two-thirds of participants
reported no preference between assessment via video teleconferencing and tradi-
tional in-person assessment.

While teleneuropsychology offers a great deal of promise for in general, there are
strengths in weaknesses for various modalities and approaches that need to be
discussed. For example, the most widely studied medium in teleneuropsychology is
video teleconferencing, which represents an excellent advance in the incorporation
of advanced technology for connecting neuropsychologists with patients in under-
served areas. However, video teleconferencing falls far short of the stimulus pre-
sentation and logging found in Neuropsychological Assessment 2.0 and 3.0. Instead,
it uses video teleconferencing to administer the sorts of paper-and-pencil measures
found in Neuropsychological Assessment 1.0. Further, it fails to add to the eco-
logical validity of assessments and simply continues a construct-driven approach
that falls short in the assessment of affect. A much more promising teleneuropsy-
chology will also embrace smartphones (including ecological momentary assess-
ment) and Web-based neuropsychological assessment. These approaches offer
much of the promise found in Neuropsychological Assessment 2.0, and some of the
enhanced ecological validity found in Neuropsychological Assessment 3.0.

The plan of this chapter is as follows: First, there will be a discussion of video
teleconferencing and the studies comparing it to in-person assessments. Next, there
will be a discussion of construct-driven and affective possibilities found in smart-
phones and Web-based approaches. The chapter will conclude with a discussion of
the possibilities of enhanced data collection and database building for personalized
medicine.

1 Video Teleconferencing for Teleneuropsychological
Assessment

The use of video teleconferencing for teleneuropsychological assessment involves a
set of videoconferencing platforms. One set of equipment is situated at the neu-
ropsychologist’s location, and another set is located remotely at the client location.
There are now a number of studies comparing the administration of neuropsy-
chological measures via video teleconferencing to in-person administrations, and
research in this area is being further developed and validated. In addition to video
teleconferencing with healthy participants (Hildebrand et al. 2004; Jacobsen et al.
2003), a number of clinical studies have been performed: medical disorders
(Ciemins et al. 2009; Menon et al. 2001), intellectual disability (Temple et al.
2010), alcohol abuse (Kirkwood et al. 2000), and dementia (Barton et al. 2011;
Cullum et al. 2006; Grosch et al. 2015; Hanzevacki et al. 2011; Harrell et al. 2014;
Loh et al. 2004, 2007; McEachern et al. 2008; Vestal et al. 2006).
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1.1 Mini Mental State Examination via Remote
Administration

Teleneuropsychology investigations have varied in their assessment measures and
populations. Many have focused on cognitive screens such as the Mini Mental State
Examination (MMSE; Ciemins et al. 2009; Loh et al. 2004, 2007; McEachern et al.
2008). For example, Ciemins et al. (2009) examined the reliability of MMSE
administrations via remote administration. Their primary focus was to evaluate the
auditory and visual components of the administration. The MMSE was adminis-
tered only once to 72 participants with Type II diabetes. Responses from patients
were recorded by both a remote administrator and an in-person examiner. Findings
revealed that 80 % of individual items demonstrated remote to in-person agreement.
In a related study administering the MMSE via video teleconferencing, McEachern
et al. (2008) assessed elderly individuals referred to a memory clinic. Following an
initial assessment, patients were seen at 6- and 12-week follow-ups. Findings
revealed that MMSE scores did not differ significantly between remote and
in-person assessments. In a similarly designed study, Loh et al. (2004) aimed to
determine the interrater reliability of the Mini Mental State Examination through
video teleconferencing as compared to in-person administration. Results revealed
that the correlation between in-person and remote MMSE scores was 0.90. Findings
suggest that remote assessments with the MMSE using video teleconferencing
methods yielded similar results to direct assessments (see Table 1).

Table 1 Comparison of MMSE in video teleconference and face-to-face modalities

Authors Demographics Participant
groups

Results

Ciemens
et al. (2009)

63 s (45 % F),
mean age: 61 yrs

Type 2 diabetes;
17 % with
associated
depression

80 % of individual items
demonstrated VTC to in-person
agreement of ≥95 % and all
items were ≥85.5 % in
agreement

Loh et al.
(2007)

20 subjects (9 M,
average age was
79 years over
65 years

20 cognitive
impairments

The average of the standard
MMSE total score was 23.3 (SD
3.6), and average MMSE by
VTC was 24.2 (SD 3.7)

McEachern
et al. (2008)

71 s (34 M), age 72
yrs ± 11

37 AD, 11 MCI,
4 VD, 10 other
pathology, 9
normal

No difference between
VTC MMSE score vs. in-person
(p = 0.223)

Timpano
et al. (2013)

342 sbj (134 M)
50 > age < 94;
0 > yrs l < 18

Cognitively
impaired and
healthy subjects

There were high levels of
sensitivity and specificity for the
optimal VMMSE cutoff
identification and an accuracy of
0.96
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1.2 Neuropsychological Batteries via Video
Teleconferencing

While the cognitive screening studies are helpful, many neuropsychologists are
interested in the results of comparing larger neuropsychological batteries via
video teleconferencing to in-person administrations (see Table 2). Jacobsen and
colleagues (2003) evaluated the reliability of administering a broader neuropsy-
chological assessment remotely using healthy volunteers. The battery was made up
of twelve measures that covered eight cognitive domains: attention, information
processing, visuomotor speed, nonverbal memory, visual perception, auditory

Table 2 Neuropsychological battery and video teleconference and face-to-face modalities

Authors Demographics Participant groups Results

Cullum
et al.
(2006)

33 subjects
(mean age
73.3)

MCI,
mild-to-moderate
AD

Robust agreement between VTC and
in-person testing Digit Span (p = 0.81),
category fluency (p = 0.58), letter
fluency (p = 0.83), and BNT (p = 0.88)

Cullum
et al.
(2014)

N = 200 (mean
age = 68.5)

Cognitive
impairment;
healthy controls

Similar findings across VTC and
in-person conditions; with significant
intraclass correlations (mean = 0.74;
range: 0.55–0.91) between test scores

Khan
et al.
(2012)

N = 205 (mean
age 75.6)

MCI, dementia,
and healthy
subject

Agreement for the VTC group
(P < 0.0001) and agreement for the
in-person group (P < 0.0001) were both
statistically significant (P < 0.05). VTC
was not inferior to in-person assessment

Loh
et al.
(2007)

N = 20 (mean
age = 79 years)

Cognitive
impairment

The medium and standard deviation of
VTC and in-person did not show
significant differences in GDS (remote:
2.6 ± 2.1; direct: 2.8 ± 2.1), in IQCODE
(remote: 3.8 ± 0.7; direct: 4.2 ± 0.6),
and in ADL (remote: 3.0 ± 2.4; direct:
3.0 ± 2.3)

Sano
et al.
(2010)

N = 48 (mean
age = 82.1)

Nondemented The time for overall direct evaluation
was lowest for IVR (Mn = 44.4;
SD = 21.5), followed by MIP
(Mn = 74.9; SD = 29.9), and followed
by KIO Mn = 129.4; SD = 117.0). The
test–retest reliability of all experimental
measures was moderate

Vestal
et al.
2006)

N = 10 (mean
age 73.9)

Mild AD Wilcoxon signed-rank test indicated no
significant difference on performance
between VTC and in-person assessment
for Picture Description Test, BNT,
Token Test, ACWP and Controlled Oral
Word Association Test

Note VTC = Video teleconferencing
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attention, verbal memory, and verbal ability. Results revealed that for most of the
measures, the in-person and remote scores were highly correlated (reliability
coefficients ranging from 0.37 to 0.86; median value of 0.74).

In addition to some important reviews of the teleneuropsychology literature,
Cullum, Grosch, and colleagues have completed a set of studies comparing video
teleconference-based diagnostic interviewing with conventional in-person assess-
ment (Cullum et al. 2006, 2012, 2014; Grosch et al. 2011, 2015). In an early study,
Cullum et al. (2006) made this comparison with a sample of 33 participants, with
14 older persons having mild cognitive impairment and 19 participants with
mild-to-moderate Alzheimer’s disease. The neuropsychology battery included the
MMSE, Hopkins Verbal Learning Test-Revised, Boston Naming Test (short form),
Digit Span, letter fluency, and category fluency. Robust correlations were found
between video teleconference and in-person testing: MMSE (r = 0.89), Boston
Naming (r = 0.88), digit span (r = 0.81), category fluency (r = 0.58), and letter
fluency (r = 0.83), and showed excellent agreement. It is important to note that while
there was a significant correlation between two conditions for the HVLT-R, verbal
percentage retention score exhibited considerable variability in each test session.
This suggests that this score may not be as reliable as the other memory indices.
These results offer further support for the validity of video teleconferencing for
conducting neuropsychological evaluations of older adults with cognitive impair-
ment. Cullum and colleagues (2014) performed a follow-up study with a larger
sample size. They examined the reliability of video teleconference-based neu-
ropsychological assessment using the following: MMSE, Hopkins Verbal Learning
Test-Revised, Boston Naming Test (short form), letter and category fluency, digit
Span forward and backward, and clock drawing. The sample consisted of two
hundred and two (cognitive impairment N = 83; healthy controls N = 119) adult
participants. Highly similar results were found across video teleconferencing and
in-person conditions regardless of whether participants had cognitive impairment.
These findings suggest that video teleconferencing-based neuropsychological testing
is a valid and reliable alternative to traditional in-person assessment. In a more recent
study, this team aimed to validate remote video teleconferencing for geropsychiatry
applications. Findings suggest that brief telecognitive screening is feasible in an
outpatient geropsychiatry clinic and produces similar results for attention and
visuospatial ability in older patients. The patients of neuropsychologists may benefit
from a remote assessment and diagnosis because teleneuropsychology allows the
neuropsychologist to overcome the barriers of displacing patients (and their care-
givers) living in rural areas that are far from health institutions.

1.3 Gerontology Applications of Videoconference-Based
Assessment

The role of teleneuropsychology is expected to expand, providing increased access
to clinical care for geographically isolated geriatric patients in rural settings
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(Ramos-Ríos et al. 2012). Teleneuropsychology-based programs using video tele-
conferencing for gerontological care have been positively received by persons
living in nursing homes, community dwelling patients, caregivers, and physicians.
Video teleconferencing has also been shown to have adequate reliability with
in-person assessment (Azad et al. 2012). To replicate best practices from traditional
approaches found in memory clinic settings, interdisciplinary models for the care of
elders with cognitive impairment have also been applied via video teleconferencing
(Barton et al. 2011). Of specific interest to neuropsychologists are studies showing
the feasibility and reliability of using video teleconferencing for administering
objective cognitive testing with screening instruments (Cullum et al. 2006; Grosch
et al. 2015; Hanzevacki et al. 2011; Loh et al. 2004, 2007; McEachern et al. 2008;
Parikh et al. 2013; Turner et al. 2012; Vestal et al. 2006).

1.4 Language Assessments

In a study that emphasized the effectiveness of language assessment in mild
Alzheimer’s patients, Vestal and colleagues (2006) compared video teleconfer-
encing with in-person language assessments: Boston Naming Test,
Picture Description (auditory response), Token Test, Aural Comprehension of
Words and Phrases, and the Controlled Oral Word Association Test. Results from
the Wilcoxon signed-rank test indicated no significant difference for performance
on each of the five language tasks between the video teleconference and in-person
conditions. It is important to note that the overall acceptance of the video tele-
conferencing evaluation in an elderly population was rated at a high level. Given
these results, video teleconferencing appears to have promise for speech and lan-
guage evaluation services in dementia.

1.5 Acceptability of Neuropsychological Screening
Delivered via Telehealth

Although the above studies provide support for the feasibility, validity, and
acceptability of neuropsychological screening delivered via telehealth, there have
only been a couple studies that discuss the feasibility of neuropsychological
assessment for a comprehensive dementia care program that services patients with
limited accessibility (Barton et al. 2011; Harrell et al. 2014; Martin-Khan et al.
2012; Vestal et al. 2006). For example, Barton et al. (2011) employed a platform to
administer multidisciplinary, state-of-the-art assessment of neurocognitive impair-
ment by video teleconferencing. The participants were patients at a rural veteran’s
community clinic that were referred by their local provider for evaluation of
memory complaints. The neuropsychological evaluation was integrated into the
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typical clinical configuration and involved a neurological evaluation and neu-
ropsychological testing via video teleconferencing. Results revealed that for each
patient, the video teleconferencing format permitted the clinical team to arrive at a
working diagnosis and relevant treatment recommendations were made. The
evaluation results were discussed with providers who joined the post-clinic con-
ference via video teleconferencing. These findings suggest that video teleconfer-
encing may offer an effective way to provide consultation and care to rural
residents.

Similar results were found in a study designed to determine the validity of the
diagnosis of dementia via video teleconferencing. Martin-Khan and colleagues
(2012) evaluated 205 patients using video teleconferencing and in-person admin-
istrations of neuropsychological tests: MMSE, Rowland Universal Dementia
Assessment Scale (RUDAS), verbal fluency, animal naming, and the clock face
test. Results revealed significant agreement between the video teleconference group
and the in-person group. The summary kappa statistic indicated that video tele-
conferencing was similar to the in-person assessment. Findings suggested that
incorporating video teleconferencing and in-person assessments has promise as a
reliable process for differential diagnosis of dementia.

In summary, teleneuropsychology has emerged as a natural extension of the
movement in health care to expand the availability of specialty services via
telecommunication. Within the teleneuropsychology framework, neuropsycholo-
gists use video teleconferencing for remote assessment of patients in rural areas.
A limitation of video teleconferencing is that it falls far short of the sorts of progress
discussed in this manuscript. It continues a construct-driven approach and falls
short in assessment of affect. Further, in terms of progress, video teleconferencing
appears to be little more than Neuropsychological Assessment 1.0 using advanced
technology. This is apparent in the low ecological validity of the tests that simply
administer traditional construct-driven paper-and-pencil tests using video telecon-
ferencing. Finally, video teleconferencing also fails to bring in any affective
assessments beyond paper-and-pencil measures.

2 Smartphones for Telephone-Based Neuropsychological
Assessment

Contemporary technological advances such as telemedicine and teleneuropsy-
chology paradigms have been shown to have promise a multiplicity of settings
(Cullum et al. 2006, 2011, 2014; Cullum and Grosch 2012; Rajan 2012; Clifford
and Clifton 2012; Rogante et al. 2012). One approach to teleneuropsychology is the
use of smartphones which include computing capabilities. Given their mobility and
ubiquity in the general population, smartphones are increasingly part of
medicine-related applications that have the potential for use in clinical settings.
A number of papers have described the promise of smartphone-based applications
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for assisting in a broad range of clinical research areas and patient point-of-care
services (Boulos et al. 2011; Doherty and oh 2012; Doherty et al. 2011; Fortney
et al. 2011). Of particular interest for neuropsychologists is the potential of
smartphones for research in cognitive science (Dufau et al. 2011). A handful of
smartphone applications have emerged for cognitive assessment (Brouillette et al.
2013; Gentry et al. 2008; Kwan and Lai 2013; Lee et al. 2012; Svoboda et al. 2012;
Thompson et al. 2012).

In one of these smartphone applications, Brouillette et al. (2013) developed a
new application that utilizes touch screen technology to assess attention and pro-
cessing speed. Initial validation was completed using an elderly nondemented
population. Findings revealed that their color shape test was a reliable and valid tool
for the assessment processing speed and attention in the elderly. These findings
support the potential of smartphone-based assessment batteries for attentional
processing in geriatric cohorts.

Smartphones move beyond the Neuropsychological Assessment 1.0 (paper and
pencil) found in video teleconferencing. Given their use of advanced technologies
(i.e., smartphones instead of paper-and-pencil), smartphone-based cognitive assess-
ment represents Neuropsychological Assessment 2.0. That said, smartphone-based
cognitive assessment does not extend ecological validity because it incorporates
construct-driven and veridical assessments that lack assessment of affective
processing.

3 Ecological Momentary Assessments

Neuropsychologists are interested in the everyday real-world behavior of their
patients because brain injury and its functional impairments are expressed in
real-world contexts. An unfortunate limitation is that many neuropsychological
assessments are construct-driven (e.g., working memory) assessments that do little
to tap into the affective aspects of their patient’s functioning. Instead, evaluation of
activities of daily living, quality of life, affective processing, and life stressors is
surveyed using global, summary, or retrospective self-reports. For example, a
neuropsychologist may ask a patient how often they experience frustration, how
many times they forgot their intentions during the past week or month, or how
depressed their mood has been. The prominence of global questionnaires can keep
neuropsychologists from observing and studying the dynamic fluctuations in
behavior over time and across situations. Further, these questionnaires may
obfuscate the ways in which a patient’s behavior varies and is governed by context.
In reaction to the frequent reliance of neuropsychologists on global, retrospective
reports (and the serious limits they place on accurately characterizing, under-
standing, and changing behavior in real-world settings), some neuropsychologists
are turning to Ecological Momentary Assessment (EMA; Cain et al. 2009; Schuster
et al. 2015; Waters and Li 2008; Waters et al. 2014). EMA is characterized by a
series of (often computer-based) repeated assessments of then current cognitive,
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affective (including physiological), and contextual experiences of participants as
they take part in everyday activities (Jones and Johnston 2011; Shiffman et al.
2008).

EMA moves beyond the Neuropsychological Assessment 1.0 (paper-and-pencil)
found in video teleconferencing and to some extent the Neuropsychological
Assessment 2.0 found in smartphone-based cognitive assessments. The EMA
approach also moves beyond the frequent reliance of neuropsychologists on ret-
rospective reports offers a series of computer-based repeated assessments of cog-
nitive, affective (including physiological), and contextual experiences of
participants as they take part in everyday activities. While this is a new application
in neuropsychological assessment, it does offer promise (once adequately validated)
for enhancing the ecological validity of neuropsychological assessments.

4 Web-Based Computerized Assessments

Web-based computerized assessments have the capacity for adaptive testing
strategies that are likely to multiply efficiency in construct measurement (Bilder
2011). In one study, Gibbons and colleagues (2008) found that use of a comput-
erized adaptive test resulted in a 95 % average reduction in the number of items
administered. The potential of adaptive Web-based neurocognitive assessment
protocols can be seen in the capacity to large sample of participants in relatively
short periods of time. While there may be concerns that the neuropsychologist
cannot be sure of the identity of the test-takers or that they are performing tasks as
instructed, validity indicators, online video surveillance, and anthropometric iden-
tifiers can be included to remove these concerns. For example, algorithms can be
implemented that allow for item-level response monitoring and automated consis-
tency checks. Further, neuroinformatics algorithms are available that will allow for
detection of outlying response patterns of uncertain validity.

While some Web-based neuropsychological assessments are limited to a single
domain (e.g., attention and processing speed; Bart et al. 2014; Erlanger et al. 2003;
Raz et al. 2014), there is an emerging suite of online batteries. Some of these
Web-based assessments consist primarily of informant reports of cognitive decline
(Brandt et al. 2013), but there are an increasing number of cognitive screens
(Medalia et al. 2005; Scharre et al. 2014) and some larger batteries (Elbin et al.
2011; Gur et al. 2001; Schatz and Sandel 2013; Silverstein et al. 2007; Troyer et al.
2014). A recent battery called BRAINScreen was developed by Zakzanis and
Azarbehi (2014) to offer a Web-based and real-time examination of cognitive
functioning. The Web-based screening battery includes a number of cognitive
measures: visual attention and information-processing speed; list learning and
recall; spatial orientation-type task; and forward and backward Digit Span. Initial
psychometric validation revealed (when combined into a composite score) a cor-
relation with age, ability to distinguish normal from clinical groups, and robust
overall reliability. BRAINScreen offers a straightforward and manageable
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Web-based automated screen for neurocognitive impairment with real-time inter-
pretive results.

In another project, Troyer and colleagues (2014) developed a Web-based cog-
nitive assessment for use with middle-aged and older adults. The Web-based battery
emphasizes measures of memory and executive attention processes: spatial working
memory task; stroop interference task; face–name association task; and number–
letter alternation task. Results from a normative study revealed adequate internal
consistency, construct validity, test–retest reliability, and alternate version relia-
bility. Each of the neurocognitive tasks loaded on the same principle component.
Demographically corrected z-scores from the individual tasks were combined to
create an overall score, which showed good reliability and classification consis-
tency. Scores were correlated with age. These findings suggest that the Web-based
neuropsychological screening measure may be useful for identifying middle-aged
and older adults with lower than expected scores who may benefit from further
evaluation by a clinical neuropsychologist.

One of the most widely used and validated of the new Web-based neuropsy-
chology batteries is WebNeuro. The battery includes assessments of the following
domains of neurocognitive function: sensorimotor, memory, executive planning,
attention, and emotion perception (social cognition; see Table 3; Mathersul et al.
2009; Silverstein et al. 2007; Williams et al. 2009). In addition to cognitive
assessments, the WebNeuro battery also includes affective assessments of emotion
recognition and identification: immediate explicit identification followed by implicit
recognition (within a priming protocol). The WebNeuro protocol was developed as a
Web-based version of the IntegNeuro computerized battery. The IntegNeuro battery
was developed by a consortium of scientists interested in establishing a standardized
international called Brain Resource International Database (BRID; Gordon 2003;
Gordon et al. 2005; Paul et al. 2005). IntegNeuro and WebNeuro are part of the
BRID project’s aim to move beyond outdated approaches to aggregating neu-
ropsychological knowledgebases and develop standardized testing approaches that
facilitate the integration of normally independent sources of data (genetic, neu-
roimaging, psychophysiological, neuropsychological, and clinical). The WebNeuro
platform allows for data to be acquired internationally with a centralized database
infrastructure for storage and manipulation of these data.

Psychometric evaluation of the WebNeuro platform has revealed robust corre-
lations with IntegNeuro, indicating high convergent validation. The correlation
between the WebNeuro and IntegNeuro factor scores exceeded 0.56 in all cases,
reflecting a statistically significant degree of overlap between the two variables
(Silverstein et al. 2007). In further validation studies with a large sample (n = 1000;
6–91 years, 53.5 % female), the WebNeuro tests of emotion identification and
recognition and tests of general cognitive function revealed seven domains of
general cognition: information-processing speed, executive function, sustained
attention/vigilance, verbal memory, working memory capacity, inhibition/
impulsivity, and sensorimotor function (Mathersul et al. 2009; Silverstein et al.
2007; Williams et al. 2009).
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While the normative findings for a Web-based neuropsychological assessment
are promising, the greatest potential appears to be WebNeuro’s relation to
Brain Resource International Database. The data from WebNeuro are linked to
insights and correlations in a standardized and integrative international database

Table 3 WebNeuro Cognitive and Affective Assessments

Test name Construct assessed Test output Traditional
test
equivalent

Cognitive assessments

Finger
tapping

Motor coordination: capacity to
quickly execute finger tapping

Number of taps. Variability
of pauses between taps

Finger
tapping

Choice
reaction time

Decision speed: capacity to
recognize changes and choose
the correct response under time
demands

Reaction time Corsi blocks

Memory
recognition

Verbal memory: capacity to
remember and retrieve factual
information
(e.g., lists)

Immediate recall accuracy;
delayed recall accuracy

RAVLT,
CVLT

Digit Span Working memory: capacity to
hold information for multitasking

Total number of digits
recalled

WAIS—III;
digit Span

Verbal
interference

Cognitive control: capacity to
inhibit a prepotent response

Reaction time (color)
Reaction time (word)
Reaction time interference
(color–word)

Stroop test

Switching of
attention

Processing speed: capacity to
link information logically and
flexibly under time demands

Accuracy; completion time Trail
Making Test

Go/No-Go Response inhibition: capacity to
switch from automatic reactions
to withholding

False alarm errors; false miss
errors; % accuracy; reaction
time

Go/No-Go

CPT Attention: capacity to focus on
the assigned task

False alarm errors; false miss
errors; reaction time

CPT

Maze Planning: capacity to plan ahead
and learn from mistakes

Completion time; % accuracy Austin Maze

Affective assessments

Explicit
emotion
identification

Emotion bias: identification of
facial expressions of emotion
(e.g., fear and happiness).
Tendency to read neutral and
positive emotion as negative

% of misidentification as
another emotion

Penn
Emotion
Test

Implicit
emotion
recognition

Influence of emotion:
preoccupied by specific emotions
that influence decision making

Reaction time for recognizing
a previously seen face

Repetition
priming
tasks

Note RAVLT = Rey Auditory Verbal Learning Test; CVLT = California Verbal Learning Test;
CPT = Continuous Performance Task
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(see www.BrainResource.com; www.BRAINnet.com). The WebNeuro data is
incorporated as additional (in addition to other markers: genetic, neuroimaging,
psychophysiological, neuropsychological, and clinical) clinical markers that can be
incorporated into databases as new marker discoveries emerge from personalized
medicine.

5 Summary and Conclusions

Despite breakthroughs in the human neurosciences (cognitive, social, and affective),
neuroimaging, psychometrics, human–machine interfaces, and neuroinformatics, the
neuropsychological assessments in use today have barely changed over the past
century. In addition to failing to advance with technological innovations, traditional
print publishing like the WAIS-IV/WMS-IV revisions has fallen short in terms of
back-compatibility that may invalidate clinical interpretations (Loring and Bauer
2010). This lack of back-compatibility is especially disappointing given the fact that
even modest updates to paper-and-pencil batteries take years. Neuropsychologists
are increasingly interested in the potential for advanced psychometrics, online
computer-automated assessment methods, and neuroinformatics for large-sample
implementation and the development of collaborative neuropsychological knowl-
edge bases (Bilder 2011; Jagaroo 2009). The use of modern psychometric theory and
neuroinformatics enables preservation of robust back-compatibility with prior test
versions and enables the introduction of new content and new constructs. This will
become increasingly important as evidence-based medicine is systematically
adopted within the context of clinical neuropsychology (e.g., Chelune 2010). There
is increasing interest among neuropsychologists in adopting consolidated standards
for the reporting of clinical trials that include neuropsychological endpoints that will
ultimately serve to strengthen the empirical evidence and scientific base of neu-
ropsychology (Loring and Bowden 2014; Miller et al. 2014).

Some neuropsychologists are also calling for greater inclusion of
computer-automated assessments (Bilder 2011; Jagaroo 2009). It is important to
note that some neuropsychologists have concerns that computerized neuropsy-
chological assessment devices will somehow replace human neuropsychologists
and/or overlook significant clinical information. However, computerized neu-
ropsychological assessments are just tools for enhanced presentation and logging of
stimuli. When properly used, computer-automated assessments can greatly enhance
the assessment in terms of precision and rapid implementation of adaptive algo-
rithms. Further, as Bilder (2011) points out, a distinct improvement of computer
timing precision is that it allows for enactment of procedures from the human
neurosciences that rely on more refined task operations and trial-by-trial analyses
that may be more sensitive and specific to individual differences in neural system
function. The exponential increase in access to computers and the Internet across
the life span allows for interactive Web-based cognitive assessments (Bart et al.
2014; Raz et al. 2014; Wagner et al. 2010). Access to and use of computers are
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becoming increasingly more common among older adults. Currently, 59 % of those
persons that are 64 years or older go online, and this number is increasing at a rapid
pace (Smith 2014). Online neurocognitive assessment may enhance dissemination
of testing because tests could be administered in a variety of settings (e.g., office,
home, school), at different times of the day, and by multiple persons at the same
time.
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Chapter 7
Neuropsychological Rehabilitation 3.0:
State of the Science

It seems highly likely that virtual reality assessments and
treatment approaches will become the norm in
neuropsychology and rehabilitation within the next decade.

—Wilson (2013)

1 Introduction

Neuropsychological rehabilitation represents a multidisciplinary approach to
address the range of cognitive, emotional, psychosocial, and behavioral factors that
impact care. Persons with neurocognitive impairments may experience decreased
functioning in multiple domains including attention, self-awareness, memory,
reasoning, and judgment. Such impairments represent significant obstacles to the
patient’s activities of daily living. Within neurocognitive rehabilitation, the patient
may perform systematically presented and functionally oriented therapeutic activ-
ities that are based upon an assessment and understanding of brain–behavior
deficits. From a clinical perspective, neurocognitive rehabilitation typically con-
notes methodical intervention intended to aid the patient impacted by cognitive
and/or behavioral deficits. In general, the goal is to enable patients to increase their
ability to perform activities of daily living.

Therapeutic interventions occurring within neurocognitive rehabilitation often
aim at the achievement of functional changes through reestablishing previously
learned behavior patterns or establishing new patterns of cognitive activity or
compensatory mechanisms. Other approaches focus upon increasing activities of
daily living by systematically evaluating current performance and reducing
impairment by equipping the patient with success strategies from a range of settings.
Traditionally, these approaches to treatment and rehabilitation of the cognitive,
psychological, and motor sequelae of central nervous system dysfunction have relied
upon assessment devices to inform diagnosis and to track changes in clinical status.
Although typical assessments employ standard paper-and-pencil psychometrics
and training methodologies for impairment assessment and rehabilitation, these
approaches have been criticized as limited in the area of ecological validity, that is,
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the degree of relevance or similarity that a test or training system has relative to the
real world and in its value for predicting or improving daily functioning.

A further common method applied in the rehabilitation sciences employs
behavioral observation and ratings of human performance in the real world or via
physical mock-ups of functional environments. Activities of daily living within
mock-up environments (i.e., kitchens and bathrooms) and workspaces (i.e., offices
and factory settings) are typically built, within which persons with motor and/or
neurocognitive impairments are observed, while their performance is evaluated.
Aside from the economic costs to physically build these environments and to
provide human resources to conduct such evaluations, this approach is limited in
the systematic control of real-world stimulus challenges and in its capacity to
provide detailed performance data capture.

2 History of Rehabilitation in Neuropsychology

The earliest rehabilitation interventions may be traced back to ancient trepanation
practices on persons with brain damage and behavioral deficits. Although the
Greeks and Romans endeavored to understand the brain and restoration of function,
much of their theorizing was limited by the religious and cultural beliefs of their
time. The first neuroanatomical documentation that can be considered scientific did
not occur until Vesalius in the sixteenth century. In the seventeenth century,
Thomas Willis published two medical texts. The first, Cerebri anatome, included
anatomical drawings of the brain and cranial nerves. The second was a comple-
mentary text on brain pathology and physiology. Also in the seventeenth century,
Rene Descartes proffered a theory of mind–body dualism in his Passions of the Soul
and The Description of the Human Body. For Descartes, the body functioned as a
machine with material properties and the mind was nonmaterial and beyond the
laws of nature. Although today Cartesian dualism is no longer a tenable philosophy
of mind, in the seventeenth century, Descartes set the agenda for a philosophical
discussion of the mind–body problem for many years (Damasio 2008). In the
eighteenth century, another influential but flawed theory was postulated by Franz
Gall. According to Gall’s theory of phrenology, measurements of the human skull
reveal specific mental functions. Although Gall’s theory was pseudoscience, it
remained very popular in the nineteenth century and is viewed by many as a
precursor for work on localization of brain functions. The localizationist Paul Broca
developed a program of rehabilitation for an adult patient that lost the ability to read
aloud (Berker et al. 1986; as cited in Boake 2003). Another localizationist, Carl
Wernicke, built on Broca’s ideas and postulated that brain function is best under-
stood as a series of interconnected neural regions. Shepherd Franz also built on
Broca’s ideas to develop techniques that focus on learning compensatory strategies
for cognitive rehabilitation (Prigatano 2005; Witsken et al. 2008).

In the twentieth century, a number of developments occurred in neuropsycho-
logical rehabilitation during and after the First and Second World Wars.
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Throughout this time, rehabilitation centers were established in Europe to treat
brain-injured soldiers. Kurt Goldstein worked at one of these centers where he
documented his treatment recommendations for deficits in speech, reading, and
writing. Goldstein’s work provided a template for rehabilitation efforts focusing
upon preserved areas to compensate for lost skills and behavioral methods for
shaping desired behaviors (Boake 2003; Witsken et al. 2008). Goldstein’s work is
especially notable for including long-term follow-up of patients, emphasis upon
limitations of psychometric techniques, observation of each patient’s preferred
compensatory strategies, the impact of fatigue during treatment, individual differ-
ences, personality deficits, and the connection between cognitive rehabilitation and
functional activities (Newcombe 2002; Witsken et al. 2008). During this time,
another early rehabilitation neuropsychologist named Alexander Luria was working
with brain-injured veterans. Although Luria’s primary work in rehabilitation
occurred later in his career, it was during this time that Luria extended rehabilitation
beyond aphasia to include rehabilitation of motor planning, visuospatial perception,
and executive functioning (Christensen and Castano 1906; Prigatano 2005; Witsken
et al. 2008). In 1947, the Zangwill (1947) made a significant contribution to neu-
ropsychological rehabilitation by establishing three aspects of rehabilitation:
(1) substitution of alternate strategies in place of those affected by impaired func-
tions; (2) compensation by using alternative strategies to solve problems caused by
impaired functioning; and (3) restoration using direct retraining of impaired areas
(Johnstone and Stonnington 2009).

Throughout the twentieth century, cognitive rehabilitation strategies and tech-
niques continued to develop. Emphasis was increasingly placed upon psychosocial
difficulties and the potential for anxiety and behavioral problems to reduce the
effectiveness of intervention programs. The interaction among all these aspects of
human functioning was recognized by pioneers who argued for the holistic
approach to brain injury rehabilitation: Diller (1976), Ben-Yishay (1978), and
Prigatano (1986). Emphasis upon the emotional needs and responses of
brain-injured patients and their families is also apparent in Muriel Lezak’s (1986)
work. Building on this work, Cicerone (2002) explored the relationship between
emotional and cognitive dysfunction (see also Cicerone et al. 1983; Cicerone and
Kalmar 1997; Cicerone and Fraser 2000). Prigatano (1999, 2005) and Sohlberg and
Mateer (1989, 2001) aided our understanding, treatment, and management of
attentional deficits. Wilson et al. (2000) offered a British version of the holistic
program that is based on the principles of Ben-Yishay (1978) and Prigatano (1986).
Finally, the work of Williams (2003) and colleagues has aided work in neu-
ropsychological rehabilitation via emphasis upon the rehabilitation of emotional
disorders following brain injury.

While the work of these pioneers offers hope for a fully realized field of neu-
ropsychological rehabilitation, research supporting the utility and efficacy of cog-
nitive rehabilitation techniques varies widely in terms of designs, measures, and
outcomes. As a result, many neuropsychologists are skeptical of the utility of cog-
nitive rehabilitation procedures (Bowen and Lincoln 2007) and Cochrane Reviews
have offered only “limited evidence” for the effectiveness of neuropsychological
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rehabilitation for deficits in attention, memory, and language following stroke
(Turner-Stokes et al. 2005). Further, an array of challenging methodological con-
founds and limitations (heterogeneity of disorders, duration/level of recovery, level
of cognitive disability; heterogeneity of measurement and intervention techniques)
have been found to exist in most of the studies involving neuropsychological
rehabilitation (Cicerone 2008). Nevertheless, there are neuropsychologists who have
alluded to the unique contribution neuropsychologists have to make in the process of
neuropsychological rehabilitation. For example, Wilson (2008) described neu-
ropsychological rehabilitation as a broader field than pure cognitive rehabilitation
because it encompasses attempts to ameliorate the affective, psychosocial, and
behavioral deficits caused by brain injury. In the following, there will be an attempt
to describe the evolution of neuropsychological rehabilitation technologies.

3 Neuropsychological Rehabilitation 2.0

There has been a recent proliferation of computer-assisted and other multimedia
methods in neuropsychological rehabilitation, which reflects a general trend toward
leveraging technology to improve the accuracy and efficiency of data capture
procedures. Rehabilitation neuropsychologists are increasingly moving beyond the
limited technologies found in Neuropsychological Rehabilitation 1.0 to more
sophisticated technologies in Neuropsychological Rehabilitation 2.0. For example,
the “memory notebooks” used for training memory-impaired patients within a
Neuropsychological Rehabilitation 1.0 framework would typically be small
three-ring binders used for remembering appointments and other important infor-
mation. In Neuropsychological Rehabilitation 2.0, these “memory notebooks” are
handheld electronic devices such as smart phones, iPads, personal computers, and
many other types of computerized devices. It is important to note that recent
research suggests that up to 90 % of paper diary respondents enter multiple
backlogged entries instead of completing the diary in real time and electronic
diaries contain significantly fewer completion errors (Stone et al. 2003). The
technology in Neuropsychological Rehabilitation 2.0 also supports the use of
innovative time-dependent data collection methods such as momentary time sam-
pling, a method in which responses are recorded at predetermined intervals (Cain
et al. 2009). Momentary time sampling procedures move beyond retrospective
methods in that they do not depend on the capacity to summarize events that
occurred in the distant past. During Neuropsychological Rehabilitation 1.0,
momentary time sampling data were collected using paper diaries. In
Neuropsychological Rehabilitation 2.0, the feasibility and accuracy of these
methods have been improved with the availability of personal digital assistants, text
messaging, and cell phones (Dale and Hagen 2006). An important application of
technology to rehabilitation is the adaptation of technology to the individual needs
of a given patient with neurocognitive deficits. For example, computers and other
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electronic devices may be used to for neuropsychological assessment, implemen-
tation of compensatory strategies, training, and neurocognitive prosthetics. Further,
the use of these technologies provides a method and system for reminding patients
to record data and a device through which data can be recorded, stored, and
electronically transmitted to a secure database.

4 Electronic Devices for Cognitive Aids

Early incorporation of technology into neuropsychological rehabilitation can be
seen in work with left visual neglect due to stroke. Boake (2003) includes dis-
cussion of some of the early computer-based cognitive rehabilitation programs. In
particular, he describes a scanner that consisted of a stimulus board and two rows of
colored light bulbs. The apparatus was controlled from a console operated by the
neuropsychologist. Patients visually scanned the stimulus board from left to right
and tried to detect which lights were illuminated. In addition to large-scale visual
scanners that take up a wall of the clinician’s office, early work by neuropsy-
chologists also included electronic aids in tackling real-life problems such as using
a digital alarm chronograph as a memory aid in early dementia (Kurlychek 1983);
an interactive task guidance system to assist brain-injured people in performing
functional tasks (Kirsch et al. 1987); telephone calls to a voicemail service and
general reminders to “stop, think, organize, and plan” for prospective memory (Fish
et al. 2007); and a paging system for reducing the everyday problems of neuro-
logically impaired people with memory and/or planning difficulties (Fish et al.
2008; Wilson et al. 2001).

5 Computerized Skills Training Software

In addition to use of electronic devices for cognitive aids, computerized skills
training software programs have emerged for a variety of populations. For example,
in pediatric cohorts, beneficial effects of adaptive working memory training have
used in cohorts of children with attention deficit hyperactivity disorder (ADHD).
A number of studies with pediatric cohorts have made use of the Captain’s Log
Computerized Cognitive Training System (Sanford 2007). The “Captain’s Log”
consists of 35 multilevel brain-training exercises that were designed to help develop
and remediate a wide range of cognitive skills. Studies using “Captain’s Log”
reveal improvements in attention and maze learning abilities of children with
ADHD (Slate et al. 1998), cancer (Hardy 2011), cerebral malaria (Bangirana et al.
2009, 2011), and HIV-related cognitive impairment (Boivin et al. 2010). In a study
using an online cognitive rehabilitation program, Kesler et al. (2011) found
improvements in processing speed, flexibility, and declarative memory in pediatric
cancer survivors.
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6 Computerized Attention Training Programs

A number of computerized attention training programs have been developed that
are organized into a hierarchy of tasks to sequentially and systematically increase
the difficulty of treatment (Stierwalt and Murray 2002; Fasotti et al. 2000).
Examples of attentional rehabilitation programs are now computerized that include
Attention Process Training-3, Attentional Training System, Orientation Remedial
Module, and Bracy Cognitive Rehabilitation Program. In a randomized controlled
study, computerized mass practice of spatial working memory improved perfor-
mance in a span board task in a small sample of children with ADHD (Klingberg
et al. 2002). In a follow-up study with a larger sample of children with ADHD,
Klingberg et al. (2005) replicated their results and found improved spatial working
memory with computerized practice, as well as improvements on a task measuring
response inhibition. Further, the exposure of children with ADHD to computerized
massed practice was associated with improved executive functioning (i.e., reduction
of inattentive, hyperactive, and impulsive symptoms). These improvements in span
board performance remained evident 3 months after the training. While there have
been some positive results, findings have been mixed. Findings from MacDonald
and Wiseman-Hakes (2010) suggest that computer training for attention is not well
supported by evidence unless it includes functional goals and clinician input
(Sohlberg and Mateer 2010; Riccio and French 2004).

7 Computer-Based Cognitive Rehabilitation
for Brain Injury

Computer-based cognitive rehabilitation has been shown to be an effective inter-
vention since the early 1980s in treating the neurocognitive impairments of patients
with brain injury, dementia, or schizophrenia (Gontkovsky 2002; Lynch 2002;
McGurk 2007; Stern 1999). During computer-based cognitive rehabilitation, a
computer is used as an intervention tool to provide feedback to patient responses and
reaction speed via input devices like a keyboard or joystick, and the results of tasks
are viewed on a monitor (Gray et al. 1992; Thornton et al. 2008). A number of
computer-based cognitive rehabilitation studies have shown improvements in
patients’ response time, attention, and verbal memory and decrease in psychiatric
negative symptoms immediately after training (Benedict 1994; Burda et al. 1991;
Giles et al. 1989). Further, computerized neuropsychological rehabilitation
approaches have shown efficacy for enhancing attentional processing in persons
with attentional deficits (Larose et al. 1989), schizophrenia (Eack et al. 2009),
multiple sclerosis (Flavia et al. 2010), and stroke patients (Westerberg et al. 2007). In
another study that focused on errorless learning of computer-generated words in a
patient with semantic dementia, the patient was able to relearn words (Jokel et al.
2010). Beneficial effects of adaptive working memory training have been found in
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adults after stroke (Westerberg et al. 2007) and traumatic brain injury (Serino et al.
2007).

While computerized training of attention has been of questionable import,
summative findings from systematic reviews have revealed moderate support for
direct attention training for patients who have experienced a moderate to severe TBI
(Snell et al. 2009; Comper et al. 2005; Gordon et al. 2006). The Cogmed program
has been widely used in various populations. Cogmed is a rehabilitation program
that uses videogame-based programs for children and adults that are practiced
30 min a day, 5 days/week for 5 weeks. The Cogmed consists of coaching, edu-
cation, and peer support with the goal of training and improving working memory
capacity. Brehmer and colleagues (2012) used Cogmed QM to investigate the
benefits of computerized working memory exercises in 55 younger adults and 45
cognitively intact older adults. Results indicated that participants (both younger and
older adults) showed significant improvements on the following neuropsychologi-
cal measure: verbal and nonverbal working memory (Spatial Span and Digit Span),
sustained attention and working memory (PASAT), and self-report of cognitive
functioning. Improvements were not seen in the areas of memory, nonverbal rea-
soning, or response inhibition (Brehmer et al. 2012). In a study with a clinical
population of 18 adults with moderate to severe acquired brain injuries, Johansson
and Tournmalm (2012) had participants use the Cogmed QM training software for
8 weeks for a total of 12 h. Findings revealed improvements on trained working
memory tasks and self-reports of functioning. An unfortunate limitation of the study
is that it had no control group. In another study that included a control group
Westerberg et al. (2007) had participants use Cogmed QM for 40 min daily, 5 days
a week for 5 weeks. The treatment group performed significantly better than the
control group on Spatial and Digit Span, PASAT, and Ruff 2&7, but no differences
emerged between groups on the Stroop, Ravens progressive matrices, or the word
list test (see Table 1).

8 Neuropsychological Rehabilitation 3.0

A perceived weakness for both Neuropsychological Rehabilitation 1.0 and
Neuropsychological Rehabilitation 2.0 is the limited ability to replicate the chal-
lenges that may occur outside a sterile office or hospital setting. With advances in
technology, the possibility of simulating real-world situations while being able to
control stimulus delivery and measurement is closer to fruition (Wilson 2011,
2013). The virtual environments found in Neuropsychological Rehabilitation 3.0
permit individuals to control dynamic three-dimensional environments, which are
becoming rapidly more complex, refined, and interactive (Riva 2009). These
immersive environments include depictions of home settings, libraries, grocery
stores, classrooms, and even combat environments. With advances in technology,
the head-mounted displays are decreasing in size, weight, and cost. Motion tracking
allows the individual to interact with the virtual environment. Further, computer
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graphics have advanced to the point of presenting high-fidelity three-dimensional
images through stereo vision. This technology allows precise presentation and
control of stimuli across different sensory modalities, such as haptic, visual, audi-
tory, olfactory, and even ambulatory conditions (Bohil et al. 2011). Recording,
measurement, and computational modeling of these behavioral responses may help
clinicians better understand and treat patient problems in their daily and complex
routines (Wilson 2011, 2013) (Table 2).

Advances in virtual reality technology and improved access (via cost reduc-
tions; and ease of use interfaces) permit a wide range of physical, affective, and
neurocognitive deficits to be clinically targeted. More importantly, these ecologi-
cally valid virtual environments can be used for assessment (Parsey and
Schmitter-Edgecombe 2013) and rehabilitation (Koenig et al. 2009; Marusan et al.
2006; Parsons et al. 2009; Probosz et al. 2009). Virtual environments make use of
symbols, stimuli, and concepts frequently experienced by the clinical population
being assessed and therefore consider the sociocultural milieu and not only injury or
illness-related information (Imam and Jarus 2014). As a result, virtual environments
have been utilized in the treatment of psychological disorders. Anxiety disorders
including social anxiety, specific phobias, and post-traumatic stress disorder have
garnered the most attention and shown promising preliminary results (McCann
et al. 2014; Motraghi et al. 2012, 2014). Virtual environments have the potential for
the presentation of fear invoking stimuli across multiple sensory modalities which
lends itself to traditional principles of graded exposure therapy (Parsons and Rizzo
2008). A virtual reality graded exposure therapy paradigm can update with con-
textually relevant information, based on an individual response or treating profes-
sional’s preference. This form of in vivo exposure therapy would be predicted to be
more efficacious than reliance upon imagination or other more passive approaches
in selected patients, but well-controlled comparison studies have not been con-
ducted. As vulnerable populations have greater rates of repeat traumas, this
skill-based approach to preventative care holds extensive promise (Fortier et al.
2009; Neigh et al. 2009; Pineles et al. 2011).

The ability to create a visual representation of an emotion or pain experience in a
virtual environment could potentially translate into improved awareness and
understanding of such concepts (Keefe et al. 2012; Hoffman et al. 2011). In a
similar fashion, virtual environments could serve as an adjunct treatment in non-
pharmacological pain management treatment (Wender et al. 2010). For example, in
using various imagery techniques and relaxation strategies, traditional psycholog-
ical interventions can be enhanced with the visual feedback. Furthermore, visual
feedback could help patients internalize a sense of control over and even modify the
pain experience (Parsons and Trost 2014; Trost and Parsons 2014). This potential is
exemplified by exploratory virtual reality techniques to address phantom pain after
amputation. For example, a few groups have modified the classic mirror-box
treatment, which creates the visual illusion of moving the missing limb, with less
cognitively taxing VR that allows for a broader range of movement (Aphonso et al.
2002; Murray 2009).
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Virtual environments are also increasingly being used for the management of
behavioral problems and social skills training with developmental disorders and
psychiatric populations (Kandalaft et al. 2013; Park et al. 2011; Parsons et al. 2009;
Rus-Calafell et al. 2014). Such programs may use virtual humans and incorporate
programming that allows the treating professional to track desired and undesired
responses/interactions. Coaching can also be integrated to capitalize on real-time
feedback. Again, the appeal of creating a more ecologically valid and modifiable
therapy session speaks to the exciting potential of VR technologies with even the
most challenging of populations.

Within the psychological specialties more focused upon the detection, diagnosis,
and treatment of neurocognitive deficits, virtual reality has increasingly been seen
as a potential aid to assist in detection and treatment of neurocognitive impairments
(Koenig et al. 2009; Marusan et al. 2006; Probosz et al. 2009). Specifically, virtual
environment-based assessments and rehabilitation programs have been explored in
depth following brain injury. For example, virtual environments have been devel-
oped that assess way-finding skills and then provide training of spatial orientation
skills via programming that allows increased complexity as participants progress
though the program (Koenig et al. 2009). Virtual reality research has been tran-
sitioning more recently to a focus upon clinical treatment of cognitive disorders
(Imam and Jarus 2014; Larson et al. 2014; Spreij 2014). This includes innovative
rehabilitation of stroke patients to reduce paresis and dyspraxias that impact
expressive speech via multisensorial brain stimulation (Probosz et al. 2009).
Various researchers have promoted the use of mental rotation paradigms—felt to be
an essential skill in multiple cognitive functions—in the neurorehabilitation setting
to enhance memory, reasoning, and problem solving in everyday life (Marusan
et al. 2006; Podzebenko et al. 2005). Some neuropsychological interventions have
been translated into virtual formats, such as the VR version of the Multiple Errands
Test (MET; Burgess et al. 2006). This virtual environment has been used to provide
training the executive functions: strategic planning, cognitive flexibility, and inhi-
bition. The MET has been validated on stroke and TBI patients (Jacoby et al. 2013).
These attempts at clinical treatment represent the next stage of transitioning VR
from research laboratories to mainstream interventions.

8.1 Brain–Computer Interfaces for Rehabilitation

In an attempt to widen the utility of computer-assisted devices in rehabilitation,
brain–computer interface (BCI) technology has generated a great deal of interest
(Collinger et al. 2013; Ikegami et al. 2011; Mak and Wolpaw 2009; Shih et al.
2012). From a rehabilitation psychology standpoint, BCI technology can be envi-
sioned as a possible tool for cognitive assessment and intervention, pain manage-
ment, stress management, and leisure activity exploration. BCI has been described
as linking brain patterns to motor or mental intent in an effort to bypass the reliance
upon peripheral nerves and muscles that may be compromised (Cincotti 2008;
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Millian 2010). To date, a primary focus of BCIs has revolved around motor-based
activity and communication. Case examples and a few small studies have high-
lighted how BCI can be applied to neurorehabilitation populations such as stroke,
amyotrophic lateral sclerosis, locked-in syndrome, and SCI (Enzinger et al. 2008;
Ikegami et al. 2011; Kaufmann et al. 2013; Kiper et al. 2011; Schreuder et al. 2013;
Salisbury et al. 2015). Still, much of the technology is not ready for mainstream
implementation, and the various challenges inherent with such interventions have
been well detailed (see Danziger 2014; Hill et al. 2014; Millian et al. 2010;
Mak and Wolpaw 2009; Shih et al. 2012).

The potential of BCI beyond motor and communication augmentation has
received less attention, but is increasingly viewed as a fruitful area of application for
assessment (Allanson and Fairclough 2004; Nacke et al. 2011; Wu et al. 2010; Wu
et al. 2014) and training (Berka et al. 2007; Parsons and Courtney 2011; Parsons
and Reinebold 2012). This avenue of BCI research would be consistent with
increasing support that psychological, social, and nonmotor-based factors are key
aspects in perceived quality of life following injury (Tate 2002). Studies have
begun exploring the use of BCI in nonmedical populations to recognize emotions
(Inventado et al. 2011; Jatupaiboon et al. 2013; McMahan et al. 2015a; Pham and
Tran 2012), assess specific psychological symptoms (Dutta et al. 2013), mediate
artistic expression (Fraga et al. 2013), and evaluate cognitive workload (Anderson
et al. 2011; Allison et al. 2010; McMahan et al. 2015b, c; Treder and Blankertz
2010).

Interest in BCI among individuals with SCI, particularly for augmentation of
motor functioning, has been detailed in the literature (Collinger et al. 2013; Rupp
2014; Tate 2011). In a recent review of the use of BCI in persons with SCI, Rupp
(2014) concluded that while BCIs seem to be a promising assistive technology for
individuals with high SCI, systematic investigations are needed to obtain a realistic
understanding of the feasibility of using BCIs in a clinical setting. Rupp identified
three potentially limiting factors related to feasibility that should be considered:
(1) availability of technology for signal acquisition and processing; (2) individual
differences in user characteristics, and (3) infrastructure and healthcare-related
constraints.

8.2 Challenges in Technology Application

The clear enthusiasm for technology must be tempered by an acknowledgement of
potential barriers. The key concerns involve issues surrounding the utility of virtual
environments, management of technological problems, and financial feasibility.
Many virtual environments used in clinical studies are not commercially available,
and only a few research laboratories have access to them. Further, a number of
virtual reality systems use arrays of screens to allow for full-body interactions,
costing many thousands of dollars. From a utility standpoint, projects typically
range from simple visual stimuli to more advanced depictions of real-world
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settings. Still, there may be a need for more realistic visual paradigms. Studies are
needed to assess the impact of various levels of stimulus fidelity, immersion, and
presence upon rehabilitation efficacy. Only with such studies will we know
whether further advances in graphic feedback naturalism are important for the
progression of virtual interventions within the realm of psychological care and
assessment.

The studies discussed in this chapter involved collaboration among clinicians
and experts in the area of technology and psychology who can provide any needed
assistance in a timely manner. The presence of an information technology support
staff is also typically available as part of the hospital system. Further, during most
studies, there are times when technology does not work properly resulting in
delayed intervention or the need to reschedule. Such complications speak to the
challenges of implementing interventions dependent upon technology within
inpatient and outpatient rehabilitation settings. Any delays in these fast paced
settings, requiring the coordination of various disciplines, can be quite disruptive to
the milieu. The need to train staff and have support service available is paramount
when considering using advanced technology as a core component of a rehabili-
tation program.

Finally, the financial feasibility of virtual environments will largely be deter-
mined by future outcome research. Unless there is support for clinical gain in the
form of improved outcomes, decreased complications, or secondary decline in
medical costs (e.g., decreased length of stay or less use of future medical services),
cost concerns may prohibit adoption of such technologies. Mainstream imple-
mentation in rehabilitation would be a financial challenge considering the trend of
declining reimbursement for clinical services and emphasis on bundled services
with recent healthcare changes. The initial cost must be coupled with the previously
mentioned planning for technology maintenance, staff training, and statistician
support by individuals trained to analyze the data formats associated with this
technology. Additionally, virtual environments require a private space that limits
distractions that are all too frequent in rehabilitation settings. Private rooms or
dedicated areas for such interventions would be ideal yet allocation of such space is
often a challenge.

8.3 Summary

As highlighted in the reviewed studies, the potential for advanced technology
appears far reaching in the field of neuropsychological rehabilitation. Ultimately,
more sophisticated programming may foster greater immersive experiences tailored
to the patient’s therapeutic goals. Thus, invaluable real-time clinician feedback
could guide targeted therapeutic interventions that relate to daily situations. With
repeat use, immersive training environments may capitalize on procedural memory
that often remains relatively better preserved among patients with brain damage
(Imam and Jarus 2014; Larson et al. 2014; Spreij 2014). Virtual environment
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paradigms could be systematically altered to meet changing patient care needs and
goals based on the course of recovery. Furthermore, integration of patient-specific
training prompts and cues may improve patient self-monitoring, guide problem
solving, and promote less reliance on rehabilitation staff and caregivers
(Christansen et al. 1998; Imam and Jarus 2014; Larson et al. 2014; Spreij 2014).
The core challenges to bringing technology into a multidisciplinary rehabilitation
milieu include the initial costs of collaboration with research laboratories devel-
oping (and validating) the technologies, staff training, and confirming that these
interventions have superior outcomes to traditional care.
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Part IV
Conclusions



Chapter 8
Future Prospects for a Computational
Neuropsychology

Neuropsychology is poised for transformations of its concepts
and methods, leveraging advances in neuroimaging, the human
genome project, psychometric theory, and information
technologies. It is argued that a paradigm shift toward
evidence-based science and practice can be enabled by
innovations.

—Robert Bilder (2011)

Throughout this book, there is an emphasis upon the importance of (1) enhancing
ecological validity via a move from construct-driven assessments to tests that are
representative of real-world functions—it is argued that this will proffer results that
are generalizable for prediction of the functional performance across a range of
situations; (2) the potential of computerized neuropsychological assessment devices
(CNADs) to enhance: standardization of administration, accuracy of timing pre-
sentation and response latencies, ease of administration and data collection, and
reliable and randomized presentation of stimuli for repeat administrations; and
(3) novel technologies to allow for precise presentation and control of dynamic
perceptual stimuli—provides ecologically valid assessments that combine the
veridical control and rigor of laboratory measures with a verisimilitude that reflects
real-life situations.

Neuropsychologists are increasingly interested in the potential for advanced
psychometrics, online computer-automated assessment methods, and neuroinfor-
matics for large-sample implementation and the development of collaborative
neuropsychological knowledgebases (Bilder 2011; Jagaroo 2009). In this chapter,
the focus will be upon using technology to develop repositories for linking neu-
ropsychological assessment results with data from neuroimaging, psychophysiol-
ogy, and genetics. It is argued that clinical neuropsychology is ready to embrace
technological advances and experience a transformation of its concepts and meth-
ods. To develop this aspect of Neuropsychology 3.0, clinical neuropsychologists
should incorporate findings from the human genome project, advances in psycho-
metric theory, and information technologies. Enhanced evidence-based science and
praxes is possible if neuropsychologists do the following: (1) develop formal
definitions of neuropsychological concepts and tasks in cognitive ontologies;

© Springer International Publishing Switzerland 2016
T.D. Parsons, Clinical Neuropsychology and Technology,
DOI 10.1007/978-3-319-31075-6_8

135



(2) create collaborative neuropsychological knowledgebases; and (3) design novel
assessment methods. These focus areas have been reinforced by a growing body of
literature calling for increased emphasis upon neuroinformatics in the future of
clinical neuropsychology (Bilder 2011; Jararoo 2009; Nichols and Pohl 2015).

1 Formal Definitions of Neuropsychological Concepts
and Tasks in Cognitive Ontologies

1.1 Covariance Among Neuropsychology Measures
of Differing Domains

An important growth area for neuropsychology is the capacity for sharing knowl-
edge gained from neuropsychological assessments with related disciplines.
Obstacle to this shared knowledge approach includes the covariance among mea-
sures and the lack of operational definitions for key concepts and their interrela-
tions. The covariance that exists among neuropsychological measures designed to
assess overlapping cognitive domains limits categorical specification into
well-delineated domains. As such, neuropsychological assessment batteries may be
composed of multiple tests that measure essentially the same performance attri-
butes. According to Dodrill (1997), poor test specificity may be revealed in the
median correlations for common neuropsychological tests. For example, Dodrill
asserts that while the median correlation within domain groupings on a test was
0.52, the median correlation between groupings was 0.44. From this, Dodrill
extrapolates that the tests are not unambiguously domain specific because the
median correlations should be notably higher for the within groupings and lower for
the between groupings. Consequently, the principal assessment measures used by
practitioners may not be quantifying domains to a level of specificity that accounts
for the covariance among the measures (Dickinson and Gold 2008; Parsons et al.
2005). Future studies should look at multivariate approaches found in neuroinfor-
matics that will allow for elucidation of the covariance information latent in
neuropsychological assessment data.

1.2 Lack of Back-Compatibility in Traditional Print
Publishing

An additional concern is that revisions found in traditional print publishing like the
Wechsler Adult Intelligence Scale (WAIS) and the Wechsler Memory Scale
(WMS) have fallen short in terms of back-compatibility that may invalidate clinical
interpretations. Loring and Bauer (2010) contend that the significant alterations in
the structure and content of the WAIS-IV/WMS-IV may decrease the potential for
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accurate patient classification if algorithms developed using earlier versions (e.g.,
WAIS III) are employed. While the revisions to the Wechsler scales offer enhanced
psychometric validity, there are presently insufficient clinical data in neurologic
populations to assure that they are appropriate for use in neuropsychological
evaluations. This lack of back-compatibility is especially disappointing given the
fact that even modest updates to paper-and-pencil batteries take years. The use of
modern psychometric theory and neuroinformatics enables preservation of robust
back-compatibility with prior test versions and enables the introduction of new
content and new constructs. This will become increasingly important as
evidence-based medicine is systematically adopted within the context of clinical
neuropsychology (e.g., Chelune 2010). There is increasing interest among neu-
ropsychologists in adopting consolidated standards for the reporting of clinical trials
that include neuropsychological endpoints that will ultimately serve to strengthen
the empirical evidence and scientific base of neuropsychology (Loring and
Bowden 2014; Miller et al. 2014).

1.3 Neuropsychology’s Need for Cognitive Ontologies

In addition to novel stochastic approaches to limiting covariance among measures,
there is need for formalizing neuropsychological concepts into ontologies that offer
formal descriptions of content domains. While ontologies abound in other
biomedical disciplines, neuropsychological assessment lags in its development of
formal ontologies (Bilder et al. 2009; Jararoo 2009; Price and Friston 2005). The
idea of “ontologies” in neuroinformatics reflects the formal specification of entities
that exist in a domain and the relations among them (Lenartowicz et al. 2010).
A given ontology contains designations of separate entities along with a specifi-
cation of ontological relations among entities that can include hierarchical relations
(e.g., “is-a” or “part-of”) or spatiotemporal relations (e.g., “preceded-by” or
“contained-within”). These knowledge structures allow for consistent representa-
tions across models, which can facilitate communication among domains by pro-
viding an objective, concise, common, and controlled vocabulary. This consistency
also allows for enhanced interoperability and provision of links among levels of
analysis. Such ontologies have become central within many areas of neuroscience.
In the realm of neuropsychology, several projects have been initiated to cognitive
ontologies at the Consortium for Neuropsychiatric Phenomics (www.phenomics.
ucla.edu). This consortium aims to enable more effective collaboration and facili-
tation of knowledge sharing about cognitive phenotypes to other levels of bio-
logical knowledge (Bilder et al. 2009).

Although there is great need for neuropsychology to develop cognitive ontolo-
gies for data garnered from neuropsychological assessment data, there are some
roadblocks. Neurocognitive functioning involves interrelated dimensional con-
structs that refer to a hypothetical cognitive resource whose existence is inferred
from research findings (Burgess et al. 2006). Take for example “working memory.”
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Instead of being a unitary concept, working memory is a latent construct that is
estimated in a given study by one or more neuropsychological measures (directly
observable behavioral output). Sabb et al. (2008) developed a collaborative anno-
tation database (www.Phenowiki.org) to facilitate representation and sharing of
empirical information. As a proof of concept, they examined over 478 articles to
evaluate the relationship among estimates of heritability, behavioral measures, and
component constructs of executive function. After applying a phrase search algo-
rithm to isolate key terms most commonly used in the neuropsychology literature,
they isolated a set of five terms that summarized the literature on executive func-
tions: “cognitive control,” “response inhibition,” “response selection,” “task
switching,” and “working memory.” The latter four terms were selected because of
their frequency of co-occurrence with the term “cognitive control.” Further, these
terms revealed high internal consistency for their indicators and associated heri-
tability measures. This suggests that they may effectively capture distinct compo-
nents of executive functions. Conversely, Sabb et al. (2008) also found that the
same indicators associated with the term “cognitive control” had also been asso-
ciated with the other constructs. While some suggest that this may reflect shared
neural systems that can be important in establishing distinct cognitive constructs
(Lenartowicz et al. 2010), there is also the possibility that the neurocognitive
assessments themselves may be to blame. Although for some measures there was
good consistency across studies in the use of a specific indicator (e.g., Digit Span
Backwards only used one indicator: correct recall of digits), other measures had
considerable variation in the specific indicator used (e.g., each of three studies
reporting Go/No-go performance used different indicators and versions of the test).
The result is an inconsistency that greatly increases the difficulty of pooling data
and interpreting results across studies. That said, the work of Sabb and colleagues
(2008) to develop a collaborative annotation database offers an approach to col-
laborative knowledge building. Such work enables neuropsychologists in their
selection and prioritization of endophenotypes for translational research.

2 Web 2.0 and Collaborative Neuropsychological
Knowledgebases

In addition to shared definitions of neuropsychological constructs, the development
of ontologies enables systematic aggregation of neuropsychological knowledge into
shared databases. Technological developments in the use of the Internet for col-
lective knowledge building are apparent in Web 2.0 practices that involve spe-
cialized Web tools (O’Reilly 2007). Web 2.0 represents a trend in open platform
Internet use that incorporates user-driven online networks and knowledgebases.
While there are no large Internet-based repositories for neuropsychological data,
efforts have been made to allow users to input individual test scores via a Web
portal (www.neuropsychnorms.com) and obtain immediate reports comparing a
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patient’s neuropsychological data to published findings (Mitrushina et al. 2005).
Another online application is the Cognitive Atlas (http://www.cognitiveatlas.org/)
which was developed to address the need for a collaborative knowledgebase that
captures the comprehensive collection of conceptual structures within neuropsy-
chology (Miller et al. 2010). To do this, the Cognitive Atlas project describes the
“parts” and processes of the cognitive functioning in a manner similar to descrip-
tions of the cell’s component parts and functions in gene ontology. While this
project does offer promise, it is still in its infancy and requires development if it is to
provide a solid basis for annotation of neuropsychological (e.g., neuroimaging of
cognitive processes) data. Further, like other collaborative knowledgebases (e.g.,
Wikipedia), its realization will depend on the involvement of a large number of
interested neuropsychologists (Poldrack 2010).

Some neuropsychologists are calling for greater inclusion of Web-based neu-
rocognitive assessments (Bilder 2011; Jagaroo 2009). The exponential increase in
access to computers and the Internet across the life span allows for interactive Web-
based neuropsychological assessments (Bart et al. 2014; Raz et al. 2014;
Wagner et al. 2010). It is important to note that some neuropsychologists have
concerns that Web-based neuropsychological assessment devises will somehow
replace human neuropsychologists and/or overlook significant clinical information.
However, Web-based neuropsychological assessments are just tools for enhanced
presentation and logging of stimuli. When properly used, Web-based assessments
can greatly enhance the assessment in terms of precision and rapid implementation of
adaptive algorithms. Online neurocognitive assessment may enhance dissemination
of testing because tests could be administered in a variety of settings (e.g., office,
home, school), at different times of the day, and by multiple persons at the same time.

A distinct improvement of computer timing precision is that it allows for
enactment of procedures from the human neurosciences that rely on more refined
task operations and trial-by-trial analyses that may be more sensitive and specific to
individual differences in neural system function. Web-based computerized assess-
ments have the capacity for adaptive testing strategies that are likely to multiply
efficiency in construct measurement (Bilder 2011). In one study, Gibbons and
colleagues (2008) found that the use of a computerized adaptive test resulted in a
95 % average reduction in the number of items administered. The potential of
adaptive Web-based neurocognitive assessment protocols can be seen in the
capacity to large sample of participants in relatively short periods of time. While
there may be concerns that the neuropsychologist cannot be sure of the identity of
the test-takers or that they are performing tasks as instructed, validity indicators,
online video surveillance, and anthropometric identifiers can be included to remove
these concerns. For example, algorithms can be implemented that allow for
item-level response monitoring and automated consistency checks. Further, neu-
roinformatics algorithms are available that will allow for the detection of outlying
response patterns of uncertain validity.

One of themostwidely used and validated of the newWeb-based neuropsychology
batteries is WebNeuro. The battery includes assessments of the following domains of
neurocognitive function: sensorimotor, memory, executive planning, attention, and
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emotion perception (social cognition; Mathersul et al. 2009; Silverstein et al. 2007;
Williams et al. 2009). In addition to cognitive assessments, theWebNeuro battery also
includes affective assessments of emotion recognition and identification: immediate
explicit identification followed by implicit recognition (within a priming protocol).
The WebNeuro protocol was developed as a Web-based version of the IntegNeuro
computerized battery. The IntegNeuro battery was developed by a consortium of
scientists interested in establishing a standardized international called Brain Resource
International Database (BRID; Gordon 2003; Gordon et al. 2005; Paul et al. 2005).
IntegNeuro and WebNeuro are part of the BRID project’s aim to move beyond out-
dated approaches to aggregating neuropsychological knowledgebases and develop
standardized testing approaches that facilitate the integration of normally independent
sources of data (genetic, neuroimaging, psychophysiological, neuropsychological,
and clinical). The WebNeuro platform allows for data to be acquired internationally
with a centralized database infrastructure for storage and manipulation of these data.

While the normative findings for a Web-based neuropsychological assessment
are promising (Mathersul et al. 2009; Silverstein et al. 2007; Williams et al. 2009),
the greatest potential appears to be WebNeuro’s relation to Brain Resource
International Database. The data from WebNeuro are linked to insights and cor-
relations in a standardized and integrative international database (see www.
BrainResource.com; www.BRAINnet.com). The WebNeuro data are incorporated
as additional (in addition to other markers: genetic, neuroimaging, psychophysio-
logical, neuropsychological, and clinical) clinical markers that can be incorporated
into databases as new marker discoveries emerge from personalized medicine.

3 Construct-Driven and Function-Led Redux

Earlier in this book, we discussed the limitations of construct-driven tasks and the
need for function-led neuropsychological assessments. While the original goal of
many neuropsychological assessments was lesion localization, there is increasing
need for assessments of everyday functioning. This new role for neuropsychologists
has resulted in increased emphasis upon the ecological validity of neuropsycho-
logical instruments (Chaytor et al. 2006). As a result, neuropsychologists have been
compelled to move beyond the limited generalizability of results found in
construct-driven measures to tests that more closely approximate real-world func-
tion. The function-led approach allows the neuropsychologist to move from
construct-driven assessments to tests that are representative of real-world functions
and proffer results that are generalizable for prediction of the functional perfor-
mance across a range of situations.

A number of investigators have argued that performance on traditional neu-
ropsychological construct-driven tests (e.g., Wisconsin Card Sorting Test, Stroop)
has little correspondence to activities of daily living (Bottari et al. 2009; Manchester
et al. 2004; Sbordone 2008). According to Chan et al. (2008), most of these
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traditional construct-driven measures assess at the veridicality level and do not
capture the complexity of response required in the many multistep tasks found in
everyday activities. The “function-led approach” to creating neuropsychological
assessments will include neuropsychological models that proceed from directly
observable everyday behaviors backward to examine the ways in which a sequence
of actions leads to a given behavior in normal functioning and the ways in which that
behavior might become disrupted. These neuropsychological assessments should
meet the usual standards of reliability, but discussions of validity should include
both sensitivity to brain dysfunction and generalizability to real-world function.

However, this raises a problem for the development of cognitive ontologies and
collaborative knowledgebases. These approaches rely on construct-driven and
computer-automated neuropsychological assessment devices. One approach would
be to have two streams of research: (1) use traditional (paper-and-pencil and
computerized neuropsychological assessment devices) construct-driven assess-
ments to develop cognitive ontologies and collaborative knowledgebases and
(2) use virtual environment-based function-led assessments for return-to-capacity
decisions. While this approach seems to have promise in the short term, it seems to
miss the rich data that could come from an approach that used simulation tech-
nologies as a special case of computerized neuropsychological assessment devise.

3.1 Virtual Environments for Assessing Polymorphisms

While little neuroinformatic work has included virtual reality immersion, neu-
roimaging studies utilizing virtual environments have been used to delineate brain
circuits involved in sustained anxiety to unpredictable stressors in humans. In a
study of contextual fear conditioning, Alvarez et al. (2008) used a Virtual Office
and fMRI to investigate whether the same brain mechanisms that underlie con-
textual fear conditioning in animals are also found in humans. Results suggested
that contextual fear conditioning in humans was consistent with preclinical findings
in rodents. Specifically, findings support hot affective processing in that the medial
aspect of the amygdala had afferent and efferent connections that included input
from the orbitofrontal cortex. In another study using a Virtual Office, Glotzbach-
Schoon et al. (2013) assessed the modulation of contextual fear conditioning and
extinction by 5HTTLPR (serotonin-transporter-linked polymorphic region) and
NPSR1 (neuropeptide S receptor 1) polymorphisms. Results revealed that both the
5HTTLPR and the NPSR1 polymorphisms were related to hot affective (implicit)
processing via a fear potentiated startle. There was no effect of the 5HTTLPR
polymorphism on cold cognitive (explicit) ratings of anxiety. Given the ability of
virtual environments to place participants in experimentally controlled yet con-
textually relevant situations, there appears to be promise in applying this platform to
future translational studies into contextual fear conditioning. The ability to differ-
entiate cold cognitive from hot affective processing could be used to develop on-
tologies for future research.
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3.2 Neuropsychological Assessment Using the Internet
and Metaverse Platforms

A further development of the emerging Neuropsychological Assessment 3.0 para-
digm for clinical neuropsychologists may be found in the expanding Metaverse of
virtual worlds found on the Internet. Technological advances in computing and the
World Wide Web in the last couple decades (Abbate 1999) have allowed for
Internet-based virtual worlds testing with potentially more diverse samples in
respect to socioeconomic status, sex, and age than traditional samples that are often
drawn from undergraduate university students (Gosling et al. 2004). Virtual worlds
are made up of online communities in which persons interrelate in simulated
environments. The continued progress in the development of robust technologies
such as more rapid and secure Internet connections has led to the ever-increasing
interest in social networks (Boulos and Wheeler 2007). Parsons (2012) described a
number of advantages of Internet-delivered online virtual worlds:

• Systematic presentation of cognitive tasks targeting both construct-driven and
function-led neuropsychological performance beyond what is currently available
using traditional computerized neuropsychological assessment devices.

• Reliability of function-led neuropsychological assessment and treatment of
affective and cognitive disorders can be enhanced in online virtual worlds by
better control of the perceptual environment, more consistent stimulus presen-
tation, and more precise and accurate scoring.

• Online virtual worlds may also improve the validity of neurocognitive mea-
surements via the increased quantification of discrete behavioral responses,
allowing for the identification of more specific cognitive domains.

• Online virtual worlds could allow for cognition and affect to be assessed and
treated in situations that are more ecologically valid. Participants can be eval-
uated in an online virtual world that simulates the real world, not a contrived
testing environment.

• Online virtual worlds offer the option to produce and distribute identical
“standard” simulation environments to large samples in which performance can
be measured and treated.

Within such digital scenarios, normative data can be accumulated for perfor-
mance comparisons needed for assessment/diagnosis and for treatment/rehabilitation
purposes. In this manner, reusable archetypical online virtual worlds constructed for
one purpose can also be applied for applications addressing other clinical targets.

One example is Second Life (SL; Linden Lab, San Francisco, Calif.), which
proffers tools (i.e., scripting and graphics) and environments that facilitate the cre-
ation of virtual environments that can be made available to potentially thousands of
research subjects in an economical manner (Bainbridge 2007). The population of
users in Second Life has reached more than six million virtual citizens (Boulous
2007). Virtual worlds provide users to experience social interaction as they partic-
ipate in individual and group activities. The virtual world Second Life proffers

142 8 Future Prospects for a Computational Neuropsychology



multiple medical and health educational projects (Boulos et al. 2007). Although these
programs focus primarily on the dissemination of medical information and the
training of clinicians, a handful of private islands in Second Life (e.g., Brigadoon for
Asperger’s syndrome; Live2give for cerebral palsy) have been created for thera-
peutic purposes. In a recent article by Gorini et al. (2008), the authors describe such
sites and the development and implementation of a form of tailored immersive
e-therapy in which current technologies (e.g., virtual worlds; bio and activity sensors;
and personal digital assistants) facilitate the interaction between real and 3-D virtual
worlds and may increase treatment efficacy. In a recent article in science, Bainbridge
(2007) discussed the robust potential of virtual worlds for research in the social and
behavioral sciences. For social and behavioral science researchers, virtual worlds
reflect developing cultures, each with an emerging ethos and supervenient social
institutions (for a discussion of supervenience see Hare 1984). In addition to the
general social phenomena emerging from virtual world communities, virtual worlds
provide novel opportunities for studying them. According to Bainbridge (2007),
virtual worlds proffer environments that facilitate the creation of online laboratories
that can recruit potentially thousands of research subjects in an automated and
economically feasible fashion. Virtual worlds like Second Life offer scripting and
graphics tools that allow even a novice computer user the means necessary for
building a virtual laboratory. Perhaps even more important is the fact that social
interactions in online virtual worlds (e.g., Second Life) appear to reflect social norms
and interactions found in the physical world (Yee et al. 2007). Finally, there is the
potential of virtual worlds to improve access to medical rehabilitation. Klinger and
Weiss (2009) describe the evolution of virtual worlds along to two dimensions:
(1) the number of users and (2) the distance between the users. According to Klinger
and Weiss, single user and locally used virtual worlds have developed into three
additional venues: (1) multiple users located in the same setting, (2) single users
remotely located, and (3) multiple users remotely located. According to Klinger and
Weiss, single user, locally operated virtual worlds will continue to be important for
rehabilitation within a clinical or educational setting. However, the literature, to date,
has been limited to descriptions of system development and reports of small pilot
studies (Brennan et al. 2009). It is anticipated that this trend is changing and future
years will see evidence of the effectiveness of such virtual worlds for therapy.

4 Computational Neuropsychology

4.1 Virtual Environments as a Special Case
of Computerized Neuropsychological Assessment
Devices

In this book, we have looked at the development of technologies for neuropsy-
chological assessment. An argument has been made that ecologically valid
assessments should include both cognitive constructs and functions in affect
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sensitive simulations that represent real-world functions. One approach suggested
in Neuropsychological Assessment 3.0 was to extend computerized neuropsycho-
logical assessment devices to virtual environments. Virtual environments represent
a special case of computerized neuropsychological assessment devices because they
have enhanced computational capacities for administration efficiency, stimulus
presentation, automated logging of responses, and data analytic processing. Since
VEs allow for precise presentation and control of dynamic perceptual stimuli, they
can provide ecologically valid assessments that combine the veridical control and
rigor of laboratory measures with a verisimilitude that reflects real-life situations.
Additionally, the enhanced computation power allows for increased accuracy in the
recording of neurobehavioral responses in a perceptual environment that system-
atically presents complex stimuli. Such simulation technology appears to be dis-
tinctively suited for the development of ecologically valid environments, in which
three-dimensional objects are presented in a consistent and precise manner
(Schultheis et al. 2002). VE-based neuropsychological assessments can provide a
balance between naturalistic observation and the need for exacting control over key
variables (Campbell et al. 2009; Parsons 2011). In summary, VE-based neu-
ropsychological assessments allow for real-time measurement of multiple neu-
rocognitive abilities in order to assess complex sets of skills and behaviors that may
more closely resemble real-world functional abilities (Matheis et al. 2007).

4.2 Extending Computer-Automated Construct-Driven
Ontologies to Virtual Environments

A possible place to start for extending cognitive ontologies from computer-
automated neuropsychological assessment devices is to extend the annotations to
construct-driven virtual environments like the virtual apartment Stroop task. The
virtual apartment superimposes construct-driven stimuli (e.g., Stroop and CPT)
onto a large television set in a virtual living room (Henry et al. 2012). A series of
construct-driven stimuli appear on the flatscreen television with in the environment,
while a female voice states the names of colors (red, blue, and green). Participants
are instructed to click a mouse button as quickly as possible when the spoken color
matches the color of the rectangle on the virtual flatscreen television and to with-
hold a response if the colors do not match. A total of 144 stimuli are presented, with
72 targets and 72 nontargets. During the task, distracters appear in different field of
view locations in the environment. Some distracters are audio–visual: School bus
passing on the street and a sports utility vehicle viewed through window on the
right; iPhone ringing and vibrating on the table (in front of participant); and toy
robot moving and making noise on the floor (center). Auditory distractors include
the following: crumple paper (left); drop pencil (left); doorbell (left); clock (left)
vacuum cleaner (right); jack hammer (right); sneeze (left); and jet noise (center).
Visual distractors include the following: paper airplane (flying from left to right in
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front of the participant) and woman walking in the kitchen (center). The conditions
were designed to assess reaction times (simple and complex), selective attention
(matching the auditory and visual stimuli), and external interference control (en-
vironmental distracters). Computational neuropsychologists could compare
construct-driven virtual environment performance with and without distractors to
computer-automated neuropsychological assessment devices.

4.3 Construct-Driven and Function-Led Virtual
Environments for Hot and Cold Processing

Recently, virtual environments have been applied to the assessment of both “Cold”
and “Hot” processes using combat-related scenarios (Armstrong et al. 2013;
Parsons et al. 2013). The addition of virtual environments allows neuropsycholo-
gists to move beyond the ethical concerns related to placing participants into
real-world situations with hazardous contexts. The goal of these platforms is to
assess the impact of hot affective arousal upon cold cognitive processes. For
example, Parsons et al. (2013) have developed a Virtual Reality Stroop Task
(VRST) in which the participant is immersed in a simulated High Mobility
Multipurpose Wheeled Vehicle (HMMWV) and passes through zones with alter-
nating low threat (driving down a deserted desert road) and high threat (gunfire,
explosions, and shouting among other stressors), while construct-driven stimuli
(e.g., Stroop stimuli) were presented on the windshield. They found that the
high-threat zones created a greater level of psychophysiological arousal (heart rate,
skin conductance, respiration) than did low-threat zones. Findings from these
studies also provided data regarding the potential of military relevant virtual
environments for the measurement of supervisory attentional processing (Parsons
et al. 2013). Analyses of the effect of threat level on the color–word and interfer-
ence scores resulted in a main effect of threat level and condition. Findings from the
virtual environment paradigm support the perspective that (1) high information load
tasks used for cold cognitive processing may be relatively automatic in controlled
circumstances—for example, in low-threat zones with little activity; and (2) the
total available processing capacities may be decreased by other hot affective factors
such as arousal (e.g., threat zones with a great deal of activity). In a replication
study, Armstrong et al. (2013) established the preliminary convergent and dis-
criminant validity of the VRST with an active duty military sample.

In addition to virtual environment-based neuropsychological assessments using
driving simulators, a number of other military relevant virtual environments have
emerged for neurocognitive assessment of Cold and Hot processes. For example,
Parsons et al. (2012, 2014) immersed participants into a Middle Eastern city and
exposed participants to a cold cognitive processing task (e.g., paced auditory serial
addition test) as they followed a fire team on foot through safe and ambush (e.g.,
hot affective—bombs, gunfire, screams, and other visual and auditory forms of
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threat) zones in a Middle Eastern city. In one measure of the battery, a
route-learning task, each zone is preceded by a zone marker, which serves as a
landmark to assist in remembering the route. The route-learning task is followed
immediately by the navigation task in which the participants were asked to return to
the starting point of their tour through the city. Courtney et al. (2013) found that the
inclusion of hot affective stimuli (e.g., high-threat zones) resulted in a greater level
of psychophysiological arousal (heart rate, skin conductance, respiration) and
decreased performance on cold cognitive processes than did low-threat zones.
Results from active duty military (Parsons et al. 2012) and civilian (Parsons and
Courtney 2014) populations offer preliminary support for the construct validity of
the VR-PASAT as a measure of attentional processing. Further, results suggest that
the VR-PASAT may provide some unique information related to hot affective
processing not tapped by traditional Cold attentional processing tasks.

While the above virtual environments fall short of a truly function-led envi-
ronment in that they include construct-driven stimuli, they go beyond other
construct-driven virtual environments because they include affective stimuli. It may
be possible to take this paradigm and extend it to the ontological annotation of other
executive control tasks. This would involve new neuroinformatic approaches to
deal with the massively enhanced dataset. That said, neuroinformatics for neu-
ropsychologists is in its earliest stages and it will not be long before collaborative
knowledgebases will be developed for construct-driven assessments. A computa-
tional neuropsychological approach that uses artificial neural networks and machine
learning could allow for enhanced assessment of construct-driven stimuli embedded
in virtual environments. The end result would be a collaborative knowledgebase of
function-led virtual environments to describe both the functions and the operational
constructs involved in everyday activities.
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