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INTRODUCTION

Over 25 years ago, Paul Meehl (1987) called for clinical
psychologists to embrace the technological advances
prevalent in our society: “It would be strange, and
embarrassing, if clinical psychologists, supposedly
sophisticated methodologically and quantitatively
trained, were to lag behind internal medicine, invest-
ment analysis, and factory operations control in accept-
ing the computer revolution” (p. xv). Ten years later
(15 years ago), Sternberg (1997) described the ways in
which clinical psychologists failed in meeting Meehl’s
challenge as is apparent in the discrepancy between
progress in cognitive assessment measures like the
Wechsler scales and progress in other areas of technol-
ogy. 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 United States (i.e. UNIVAC I) to illustrate the
lack of technological progress in the standardized test-
ing 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. Forexample, whereas millions of dollars
spent on technology in the computer industry typically
reflectsincreased processing speed and power; millions
of dollars spent on innovation in the testing industry
tends to reflect the move from multiple-choice items
tofill-in-the-blank items. Sternberg’s statements are as
true now as they were 15 years prior to the publication of
this manuscript. While clinical psychology emphasizes
itsrole as a science, its technology is not progressing in
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pace with other clinical neurosciences. Sternberg also
points out cognitive testing needs progress in ideas,
not just new measures, for delivering old technologies.
Over the course of the last several decades, clinical
neuropsychology has gained increasing recognition
as a discipline with relevance to a number of diverse
practice areas (e.g., neurology, neurosurgery, psy-
chiatry, and family medicine) as well as neuroscience
specific research areas (e.g., behavior, learning, and
individual differences). Although today’s neuropsy-
chological assessment procedures are widely used,
clinical neuropsychologists have been slow to embrace
technological advancements. Two essential limitations
have resulted from this refusal of technological adap-
tation: First, current neuropsychological assessment
procedures represent a technology that has barely
changed since the first scales were developed in the
early 1900s. Second, while the historical purpose of
clinical neuropsychology was differential diagnosis of
brain pathology, technological advances in other clinical
neurosciences 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.
Recently, scholars have been discussing the poten-
tial for a paradigm shift in clinical neuropsychology
(Bilder, 2011; Dodrill, 1997; Green, 2003; Parsons and
Courtney, 2011; Parsons, 2011; 2012; Puente, 1992;
Perry, 2009). The historical development of neuro-
psychology has resulted in a “normal science” that is
informed by developments in psychology, neuroscience,
neurology, psychiatry, and computer science. Each of
these “informing disciplines’ has gone through changes
thatchallenge theory and praxes of neuropsychological
assessment. These changes are what Kuhn (1962/1996)
describes as paradigm shifts, in which new assump-
tions (paradigms/theories) require the reconstruction of
prior assumptions and the reevaluation of prior facts.
For psychology, the paradigmatic shifts are found in
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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 & Abraha-
msen, 1990). 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). For psychiatry (e.g., neuro-
psychopharmacology) 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 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). Finally, we are seeing shifts
in computer science in the areas of social comput-
ing (Wang, 2007), information systems (Merali and
McKelvey, 2006), and even the video game industry
(Zackariasson & Wilson, 2010).

Dodrill (1997) has discussed the lack of progress
in clinical neuropsychology. According to Dodrill,
neuropsychologists are making much less progress
than would be expected in both in absolute terms and
in comparison with the progress made in other clinical
neurosciences. Dodrill offers evidence for this assertion
through pointing out that clinical neuropsychologists
are using many of the same tests that they were us-
ing 30 years ago (in fact close to 50 years ago given
the date of this publication). Dodrill points out that
if neuroradiologists were this slow in technological
development, then they would be limited to pneumo-
encephalograms and radioisotope brain scans—pro-
cedures that are considered 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 neurosci-
ences. For example, clinical neuropsychologists have
historically been called upon to identify focal brain

lesions. When one compares clinical neuropsychol-
ogy’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. What options are avail-
able for clinical neuropsychogists to move beyond an
outmoded approach to their field?

According to Bilder (2011), Clinical neuropsy-
chology 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 neuro-
psychologists focused on lesion localization and relied
on interpretation without extensive normative data. In
Neuropsychology 2.0 (1980-present), clinical neuro-
psychologists were impacted by technological advances
in neuroimaging and as a result focused on character-
izing 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 neuro-
psychologists to incorporate findings from the human
genome project, advances in psychometric theory, and
information technologies. Bilder argues thata paradigm
shift toward evidence-based science and praxes is pos-
sible if neuropsychologists understand the need for
innovations in neuropsychological knowledge bases
and the design of Web-based assessment methods.

For the current chapter, the focus will be upon
three “modalities” found in the practice of “Neuro-
psychological Assessment” thatreflect the three waves
found in theoretical formulations of neuropsychology
(see Bilder, 2011). The organization of this chapter
is as follows. In Section One: “Neuropsychological
Assessment 1.0” a brief overview will be given of the
historical development of clinical neuropsychology’s
normal science and the crisis state that is leading to a
paradigm shift. In Section Two: “Neuropsychological
Assessment 2.0,” current applications of computer-
based neuropsychological assessment are described. In
Section Three: “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. Obstacles and limitations are discussed in
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section four. A discussion of future directions is given
in section five.

BACKGROUND

The neuropsychological assessment has historically
been characterized as both arefinement and an extension
of the neurological examination (Benton, 1985). Much
of what is now considered part of neuropsychological
assessment originated from localizationist attempts of
late nineteenth and early twentieth century physicians
to improve evaluation of the cognitive capacities of
persons with brain disease (e.g., Broca and Wernicke
aphasics). Part of this has to do with the fact that many
widely used neuropsychological tests in Neuropsycho-
logical Assessment 1.0 were constructed before the
advent of neuroimaging and emergence of much of the
currently available information relating altered behav-
ior to brain dysfunction. During Neuropsychological
Assessment 1.0’s pre-neuroimaging era localization
required clinical neuropsychologists to establish stan-
dardized assessment measures for a normal science
capable of identifying the neurocognitive effects of
brain dysfunction. Unfortunately, many clinical neu-
ropsychologists continue to rely on “localization” as
the chief basis for validating neuropsychological tests.
As Ronald Ruff has contended, although neuroimag-
ing caused the role of neuropsychology to shift from
localization to documentation of neuropsychologi-
cal deficits for prediction of real world functioning,
clinical neuropsychologists many times fail to develop
ecologically oriented assessments and continue to use
localizationist-developed test batteries (Ruff, 2003).
In “Neuropsychology Assessment 2.0,” clinical
neuropsychologists have begun making use of advances
in computer technology for cognitive assessment and
return to work decisions. Computer automated neuro-
psychological assessments offer a number of advan-
tages: increased standardization of administration;
increased accuracy of timing presentation and response
latencies; ease of administration and data collection;
andreliable and randomized presentation of stimuli for
repeat administrations. One example of this is the use of
computer-automated neuropsychological assessments
overthe pastdecade: CogSport (1999), InPACT (Lovell
etal., 2000), ANAM (Johnson et al., 2008), and Head-
Minder (Erlangeretal., 1999). Since the neurocognitive
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sequelae of sports-related concussion often present as
relatively mild symptoms, baseline computerized test-
ing may have import for the sports-concussion arena.
Computerized assessment of athletes’ neurocognitive
performance has been shown to be a powerful assess-
ment tool for comparing “return-to-play” decisions.
This repeated measures assessment allows the neu-
ropsychologist to establish changes in neurocognitive
status as a result of the concussion and evaluate the
degree of symptom resolution (Parsons, Notebaert, &
Guskiewicz 2000). Hence, it offers an index for return
to real-world activities. Likewise, military clinicians
are increasingly being asked to make statements re-
garding a military service member’s ability to return
to active duty. Current “Return-to-Duty” assessments
are based upon the “Return-to-Play” guidelines found
in Sports Medicine. Both have incorporated automated
neuropsychological assessments to aid in decisions
related to resuming activities following a concussion.
Although the computer automation of neuropsychologi-
cal assessments represents progress toward developing
a technologically advanced application for real-world
decisions, it falls short of offering an enhanced assess-
ment methodology that taps into real-world function.
As Sternberg has contended, neurocognitive testing
needs progress in ideas, not just new measures, for
delivering old technologies.

An unfortunate limitation of Neuropsychological
Assessment 1.0 and 2.0 is that clinical neuropsycholo-
gists are increasingly being asked to make prescriptive
statements about every-day functioning (Long, 1996).
This new role for neuropsychologists has resulted in
increased emphasis upon the ecological validity of
neuropsychological instruments. As a result, neuro-
psychologists have been experiencing a need to move
beyond the limited generalizability of results found in
Neuropsychological Assessment 1.0 and 2.0 to mea-
sures that more closely approximate real world function.
To establish ecological validity of neuropsychological
measures, neuropsychologists in Neuropsychological
Assessment 1.0 and 2.0 focus on demonstrations of
either (or both) verisimilitude and veridicality (Fran-
zen & Wilhelm, 1996). By verisimilitude, ecological
validity researchers are emphasizing the need for the
data collection method to be similar to real life tasks
in an open environment. For the neuropsychological
measure to demonstrate veridicality, the test results
should reflect and predictreal world phenomena (Chay-
tor & Schmitter-Edgecombe, 2003). In addition to the
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controversy related to whether or not current indices
found on commonly used paper-and-pencil neuropsy-
chological tests give us sufficient detail for prediction
of the potential everyday difficulties likely to be faced
by patients (Wilson, 1993), a dearth of research has
addressed the degree to which neuropsychological
testing is ecologically valid (Nussbaum et al., 1995).
Review of the ecological validity of neuropsychologi-
cal 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.
However, a problem for the verisimilitude approach is
that these instruments do not appear to be migrating
from research laboratories into the applied settings of
clinical neuropsychologists (Rabin et al., 2007). An
additional problem for this approach is that although
these neuropsychologists have developed instruments
that more closely approximate skills required for ev-
eryday functioning, have not made use of advances in
computer technology. As a result, they are in danger
of continuing the negative trend that deemphasizes
psychology’s role as a science.

While standard neuropsychological measures found
in Neuropsychological Assessment 1.0 and 2.0 have
been found to have adequate predictive value, their
ecological validity may diminish predictions about
real-world functioning. Traditional neurocognitive
measures may not replicate the diverse environment in
which persons live. Additionally, standard neurocogni-
tive batteries tend to examine isolated components of
neuropsychological ability, which may not accurately
reflect distinct cognitive domains (Dodrill, 1987; Par-
sonsetal.,2004;2005; Wilson, 1993) Although today’s
neuropsychological assessment procedures are widely
used, neuropsychologists have been slow to adjust to the
impact of technology on their profession. While there
are some computer-based neuropsychological measures
found in Neuropsychological Assessment 2.0 that offer
anumber of advantages over the traditional paper-and-
pencil testing found in Neuropsychological Assessment
1.0, the ecological validity of these computer-based
neuropsychological measures is less emphasized. Only
a handful of neuropsychological measures have been
developed with the specific intention of tapping into
everyday behaviors like navigating one’s community,
grocery shopping, and other activities of daily living.
Of those that have been developed, even fewer make
use of advances in computer technology.

Neuropsychological Assessment 3.0 involves the
use of virtual environments. The virtual environments
found in Neuropsychology 3.0 offer an advanced com-
puter interface that allows humans to become immersed
within a computer-generated simulation. Potential vir-
tual environment use in assessment and rehabilitation
of human cognitive processes is becoming recognized
as technology advances. Since virtual environments
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 a range of the accurate
recording of neurobehavioral responses in a perceptual
environmental that systematically presents complex
stimuli. Such simulation technology appears to be
distinctively suited for the development of ecologically
valid environments, in which stimuli are presented in
a consistent and precise manner. As a result, subjects
are able to manipulate three dimensional objects in a
virtual environment that proffers a range of potential
task demands.

Virtual environment applications that focus on
treatment of cognitive (Parsons, 2009a) and affective
disorders (Parsons et al., 2008a), as well as assess-
ment of component cognitive processes are now be-
ing developed and tested: attention (Law et al., 2006;
Parsons, et al., 2007; 2011) spatial abilities (Beck et
al.,2010; Parsons et al., 2004b), retrospective memory
(Parsons & Rizzo,2008b), prospective memory (Knight
& Titov, 2009), spatial memory (Astur et al., 2004);
and executive functions (McGeorge et al., 2001; Par-
sons et al., 2012). The increased ecological validity
of neurocognitive batteries that include assessment
using virtual scenarios may aid differential diagnosis
and treatment planning. Within a virtual world, it is
possible to systematically present cognitive tasks target-
ing neuropsychological performance beyond what are
currently available using traditional methods (Parsons,
2011; 2012). Reliability of neuropsychological as-
sessment can be enhanced in virtual worlds by better
control of the perceptual environment, more consistent
stimulus presentation, and more precise and accurate
scoring. Virtual worlds may also improve the validity
of neurocognitive measurements via the increased
quantification of discrete behavioral responses, allow-
ing for the identification of more specific cognitive
domains (see Gaggioli et al., 2009). Virtual environ-
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ments could allow for neurocognition to be tested in
situations that are more ecologically valid. Participants
can be evaluated in an environment that simulates the
real world, not a contrived testing environment (see
Gorini et al., 2008). Further, it offers the potential to
have ecologically valid computer-based neuropsycho-
logical assessments that will move beyond traditional
clinic or laboratory borders.

It could be argued that the challenge for neuro-
psychologists using VEs is to develop techniques that
simultaneously satisfy the demands of internal valid-
ity, external validity, and ecological validity. Hence,
the development of an ecologically valid VE should
include psychometricrigor (i.e. internal validity, exter-
nal validity) as well as verisimilitude and veridicality
(i.e. ecological validity). Parsons (2011) has proffered
considerations for achieving such standards: 1) Cor-
respondence: the tasks performed within VEs should
correspond to the pertinent aspects of real-world ac-
tivities and environments; 2) Representativeness: the
tasks developed should be representative of persons
who are performing the tasks; 3) Expedience: research
problems should have practical consequences on
real-world functioning if they are to be components
of verisimilitude and veridicality; and 4) Relevance:
outcome measures need to have relevance to the practi-
cal problem being investigated.

FUTURE RESEARCH DIRECTIONS

There are some relatively obvious practical and tech-
nical limitations of virtual world-based assessment
that will cause clinical neuropsychology to be slow in
adopting computerization on alarge scale. Forexample,
synchronization between the user’s computer processor
and the user’s Internet connection occurs with varying
amounts of delay, or error, in timing. As a result, it will
be difficult to standardize or control this delay with a
degree of consistency. At one time this was an issue
for any computerized testing. However, researchers
have since developed software solutions that provide
near-millisecond accuracy (Westall etal., 1989). Hence,
there is a need for both the development of Internet-
based measures and “measure development” software.
Further, there is the issue of crucial sources of error in
computerized neuropsychological assessment (Cernich
et al.,, 2007). For example, various configurations
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and operating systems are in use. A further example
may be found in real-time versus store-and-forward
Internet-based assessment. These issues emphasize the
need for technology standardization in which Internet-
based information may be exchanged. At minimum,
researchers should use the American Psychological
Association’s (APA) established guidelines for the
development, administration, and interpretation of
computerized assessments (APA, 1986, 1987). Given
the many changes that have occurred in the years since
these guidelines were developed, there is need for a
documented standard beyond those recommendations
offered by the APA. Thereis aneed for neuropsychology
to update such guidelines and maintain a professional
and guiding presence. Clinical practice is increasingly
being impacted by the Internet’s ability to disseminate
rapidly vast amounts of information and facilitate the
instantaneous exchange of ideas.

Anotherissueis that the automated nature of virtual
world measures does not allow an examiner to inter-
rupt or stop the assessment and “test the limits” or be
more flexible with their evaluation. Further, virtual
world assessments may not provide as much qualita-
tive information as standard evaluations in which a
clinician examines the type of errors a patient makes
and the strategies a patient might use to arrive at his
or her answers (Woo, 2008). Hence, any computer-
ized assessment should not remove a clinician from
the equation. Instead, virtual worlds, like automated
neuropsychological assessments, should be viewed as
a tool to be used by a clinician, and not a replacement
of the clinician.

CONCLUSION

The historical development of neuropsychology has
resulted in a “normal science” that is informed by devel-
opments in psychology, neuroscience, neurology, psy-
chiatry, and computer science. Each of these “informing
disciplines” has gone through changes that challenge
theory and praxes of neuropsychological assessment.
Developments in the area of Neuropsychological
Assessment parallel several of Kuhn’s observations
concerning the nonlinear trend of progress in the his-
tory of science. For example, the naive assumption that
traditional neuropsychological assessment procedures
would continue to maintain prominence following the
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advent of neuroimaging characterized an earlier status
quo, a period Kuhn referred to as normal science. The
untenable presumption that traditional paper-and-pencil
batteries (or automated computerized versions) were
generally capable of forming accurate judgments about
the everyday functioning (i.e., ecological validity) of
persons tested on the basis of observation was another
received belief that characterized this soon to be archaic
eraof practice. A further development of this emerging
paradigm for clinical neuropsychologists may be found
in the expanding use of virtual environments. Within
virtual environments, it is possible to systematically
present cognitive tasks targeting neuropsychological
performance beyond what are currently available using
traditional methods. Reliability of neuropsychological
assessment and treatment of affective and cognitive
disorders can be enhanced in virtual environments
by better control of the perceptual environment, more
consistent stimulus presentation, and more precise
and accurate scoring. Virtual environments may also
improve the validity of neurocognitive measurements
via the increased quantification of discrete behavioral
responses, allowing for the identification of more spe-
cific cognitive domains. Virtual environments could
allow for cognition and affect to be assessed and treated
in situations that are more ecologically valid.
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KEY TERMS AND DEFINITIONS

Ecological Validity: Focus on demonstrations of
either (or both) verisimilitude and veridicality.

Immersion: State of consciousness where a person
immersed in a virtual environment has diminished
awareness of physical self.

Neuropsychologist: Persons that apply a working
understanding of psychology, physiology, and neurol-
ogy to assess, diagnose, and treat patients with neu-
rological, medical, neurodevelopmental, psychiatric,
and cognitive disorders.

Neuropsychology: A branch of psychology and
neurology that aims to understand brain-behavior
relations.

Veridicality: Emphasis on the need for the test
results to reflect and predict real world phenomena.

Verisimilitude: Emphasis on the need for the data
collection method to be similar to real life tasks in an
open environment.

Virtual Reality: Anadvanced form of human—com-
puter interaction, in which users are immersed in an
interactive and ecologically valid virtual environment.
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