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Abstract
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Background: Early detection of cognitive decline in the elderly has become of heightened impor-
tance in parallel with the recent advances in therapeutics. Computerized assessment might be
uniquely suited to early detection of changes in cognition in the elderly. We present here a
systematic review of the status of computer-based cognitive testing, focusing on detection of
cognitive decline in the aging population.

Methods: All studies purporting to assess or detect age-related changes in cognition or early dementia/
mild cognitive impairment by means of computerized testing were included. Each test battery was rated
on availability of normative data, level of evidence for test validity and reliability, comprehensiveness,
and usability. All published studies relevant to a particular computerized test were read by a minimum
of two reviewers, who completed rating forms containing the abovementioned criteria.

Results: Of the 18 test batteries identified from the initial search, 11 were appropriate to cognitive
testing in the elderly and were subjected to systematic review. Of those 11, five were either
developed specifically for application with the elderly or have been used extensively with that
population. Even within the computerized testing genre, great variability existed in manner of
administration, ranging from fully examiner-administered to fully self-administered. All tests had at
least minimal reliability and validity data, commonly reported in peer-reviewed articles. However,
level of rigor of validity testing varied widely.

Conclusion: All test batteries exhibited some of the strengths of computerized cognitive
testing: standardization of administration and stimulus presentation, accurate measures of
response latencies, automated comparison in real time with an individual’s prior performance
as well as with age-related norms, and etficiencies of staffing and cost. Some, such as the Mild
Cognitive Impairment Screen, adapted complicated scoring algorithms to enhance the infor-
mation gathered from already existing tests. Others, such as CogState, used unique interfaces
and subtests. We found that although basic indices of psychometric properties were typically
addressed, sufficient variability exists that currently available computerized test batteries must
be judged on a case-by-case basis.

© 2008 The Alzheimer’s Association. All rights reserved.

Computerized cognitive assessment; Computerized testing: Early detection; Systematic review; Dementia;
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1. Introduction

With the aging of the population, the rapidly growing inci-
dence of dementia has become a major public health concem.
The development of new therapies has been a promising re-
sponse to this health care crisis. However, to be optimally

*Corresponding author, Tel.: 503-494-6975: Fax: 503-494-7499.
E-mail address: wildk@ohsu.edu

effective, treatments must be started early in the disease pro-
cess. Thus, detection of cognitive decline in the elderly has
become of heightened importance in parallel with the recent
advances in therapeutics. In addition, once therapies are estab-
lished as effective interventions, measures for following their
effectiveness will be needed, especially if there is potential
toxicity associated with a particular treatment.

Computerized administration of clinical instruments is
not an entirely new phenomenon. The first personal com-
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puters were introduced into wide use in the 1970s. Rapid
adoption of computer-based testing paralleled this develop-
ment. By the 1980s the research literature was replete with
considerations of the inherent advantages and limitations of
automated assessment of a myriad of clinical domains. In
particular, the application of computers to the evaluation of
cognition has been widely studied. This body of research
has generally fallen into one of two categories: (1) the
translation of existing standardized tests to computerized
administration and (2) the development of new computer
tests and batteries for the assessment of cognitive function.
Somewhere between these two categories are approaches
that have adapted an existing test in a new way by using
computer administration. This review will focus on those
tests and batteries that have been applied to or developed
specifically for the detection of cognitive changes in the
elderly.

Computerized assessment might be uniquely suited to
early detection of changes in cognition in the elderly.
Among the multiple advantages that have been cited, com-
puter tests can cover a wider range of ability. minimize floor
and ceiling effects, are given in a standardized format, and
precisely record accuracy and speed of response with a level
of sensitivity not possible in standard administrations. Such
characteristics can be critical both in early detection and in
extending the range of a test to be sensitive both to mild
cognitive impairment (MCI) and also to the more pro-
nounced changes occurring in the early stages of dementia.
In comparison with traditional neuropsychological assess-
ment instruments, computerized tests might also represent a
potential cost savings, not only with regard to materials and
supplies but also in the time required of the test adminis-
trator. Moreover, the nature of the computerized instru-
ments might allow administration by health care associates
other than neuropsychologists, as long as the critical activ-
ities of interpretation and diagnosis are performed by the
appropriate professional. A full discussion of the ethical
issues that confront the developers and users of computer-
ized neuropsychological assessment instruments is beyond
the scope of this article, but several recent reviews have
addressed this topic [1,2]. Recognition of the utility of
computer-administered clinical assessments has coincided
with recent and rapid advances in personal computer tech-
nology. producing numerous test batteries. Furthermore,
with the widespread availability of the Internet, computer-
based cognitive assessment provides the potential for large-
scale screening of populations for cognitive function.

In the initial excitement of this new application of tech-
nology. however. some basic aspects of test development
might have been sacrificed. One of the more persistent
criticisms of computerized test batteries is the general lack
of adequately established psychometric standards [3]. Other
concerns include failure to demonstrate equivalence be-
tween the examinee’s experience of computer versus tradi-
tional test administration, limited—and for the elderly, per-

haps unfamiliar—response modality, and poorly designed
computer-person interface. The goal of this review was not
to present a critique of computer versus standard cognitive
testing. although some such comparisons were unavoidable,
but to examine the more widely used and researched com-
puter batteries across a uniform set of test criteria. To this
end, we present here a systematic review of the status of
computer-based cognitive testing, focusing on detection of
cognitive decline in the aging population.

2. Methods

Because of the heterogeneity across selected studies and
test batteries, a meta-analytic approach was not possible.
The rigorous methodology used by that technique was not
suited to the current published research in this relatively
new field, given the variety in types of studies, subjects, and
data analyses. Guided by the Cochrane Collaboration’s [4]
published recommendations, the present report represents
findings from a systematic review of currently available
computerized test batteries for the detection of cognitive
change in the elderly.

2.1. Search strategies

A search was performed at the end of 2006 and again in
early 2007 of the databases of PubMed, PsycInfo, and Co-
chrane. The following Medical Subject Headings (MeSH) and
PsycInfo headings were used: technology assessment (biomed-
ical), assessment (technology), biomedical technology assess-
ment, and computerized cognitive assessment. Keywords from
retrieved articles included computerized testing, computer,
multimedia, and computerized battery and were used in a
second search. From the literature collected on that basis,
reference lists were examined individually for citations of
additional relevant studies. This search resulted in 79 citations.

2.2. Inclusion and exclusion criteria

All studies purporting to assess or detect age-related
changes in cognition or early dementia/MCI by means of
computerized testing were included. Studies in which ap-
propriate batteries were administered to different popula-
tions (eg, subjects with multiple sclerosis) or for different
applications (eg, driving safety evaluation) were excluded.
Tests that were developed for the target population but were
not available in English were excluded, as were tests for
which separate norms for the elderly were not available.
Computerized systems that were reported to be too difficult
for cognitively impaired elderly to navigate were also ex-
cluded from this review. Table | summarizes those batteries
that were identified by the search strategies described above
but were excluded from review on closer examination.

2.3. Rating methodology

Each test battery was rated on availability of normative
data and level of evidence for test validity and reliability.
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Table |
Computerized tests excluded from comprehensive review

Test Name First Author, Year

Reason for Exclusion

Automated Cognitive Test

Cognometer

Computerized Neurocognitive Scan
Examen Cognitif par Ordinateur (ECO)
Hasegawa Dementia Scale

Integneuro

Neurobehavioral Evaluation System (NES)

Stollery B, 1996
Polich J, 2001
Gur RC, 2001
Ritchie K, 1993
Inoue M, 2000
Paul RH, 2005

Letz R, 1996: White RF, 2003

Developed for use in neurotoxicology

Mean age, 44 y; no separate data for elderly

Mean age, <30 y; no separate data for elderly

French language only.

Inadequate data; available in Japan

Not specific to elderly.

Developed as neurotoxicology screen: not specific to elderly

The test batteries were also evaluated in terms of compre-
hensiveness, usability, cost, and availability. All studies
relevant to a particular computerized test were read by two
reviewers, who completed rating forms containing the
abovementioned criteria. All ratings for a particular test
were then combined to yield an overall rating. For example,
if one study dealt comprehensively with a test’s reliability
and another with its construct validity, that test would be
awarded maximum points on both parameters. (See the
Appendix for the rating template).

3. Results

Eleven test batteries were subject to systematic review as
described above. A summary of some basic parameters is
presented in Table 2. For many key test variables such as
length of administration, alternate form availability, and
means of generation of results, information was inconsis-
tently available. These data are therefore presented in the
text whenever obtainable rather than in tabular form, be-
cause direct comparisons were not possible.

Table 3 presents overall ratings of each test battery.
Unfortunately, information regarding cost and availability
was so infrequently reported that these variables were re-
moved as a basis of comparison.

3.1. Automated Neuropsvchological Assessment Metrics

Originally developed for use by the Department of De-
fense, this battery has been applied to several clinical pop-
ulations, including cognitively impaired elderly. A subset of
six of the 30 Automated Neuropsychological Assessment
Metrics (ANAM) tests form the ANAM Dementia Screen-
ing Battery: simple and choice reaction times, matching to
sample, continuous performance test, a Sternberg six-letter
memory task, and spatial discrimination. The test is admin-
istered with an examiner present to clarify instructions or
use of the mouse as needed. No'information on duration of
this battery was presented. Correlations between traditional
neuropsychological tests and ANAM subtests of allegedly
similar cognitive domains are reported by Kabat et al [5].
The study describes a principal components analysis that
yielded three factors: processing speed/efficiency, retention/

Table 2
Test battery descriptions
Test Age Range (y) Largest Administration Domains*
Sample
ANAM 22-71 191 Mouse/keyboard; self-administered Memory, attention, psychomotor speed, language, reaction time

CANS-MCI 51-93 310 Touch screen; self-administered

CANTAB 8-80 771 Touch screen/keyboard; technician
administered

CNS Vital Signs 7-90 1069 Keyboard; self-administered

CNTB 21-87 209 Keyboard; technician administered

COGDRAS-D 67-103 190 Yes/no button; technician
administered

CogState 18—40: 46-82 113 Keyboard: self-administered

CSI 18-89 284 Keyboard; self-administered

MCIS >65 215 Technician records responses. or via
telephone

MicroCog 18-89 810 Keyboard/# pad: self-administered

Mindstreams >50 213 Mouse/# pad: technician

administered

Memory, language. executive function
Working memory. attention, visuospatial memory

Memory, psychomotor speed, processing speed. cognitive
flexibility. sustained attention

Language, information processing, motor speed, attention,
spatial, memory

Memory. attention. reaction time?

Working memory, executive function, attention. reaction time
Memory, attention. response speed, processing speed
Memory. executive function. language

Memory, attention, reaction time. spatial ability. reasoning/
calculation

Memory. executive function. visuospatial. verbal fluency.
attention. motor skills. information processing

* Cognitive domains as identified by authors: subtests intended to measure those domains vary.
" Domains assessed by COGDRAS-D were not identified: eight subtests listed appear to assess these domains.
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Table 3
Ratings of included test batteries®

Test Battery Subtests Normative Data Reliability Validity Factor Analysis Admin/Interface
ANAM 2 2 1 3 3 2
CANS-MCI 2 3 3 3 3 3
CANTAB 3 3 2 3 3 2
CNS Vital Signs 3 3 2 3 | 2
CNTB 3 | 3 3 1 2
COGDRAS-D 2 2 2 3 3 2
CogState 3 2 2 2 | 2
CSI 2 2 3 3 3 2
MCIS ! 3 2 2 3 2
MicroCog 3 3 2 3 1 3
Mindstreams 3 2 1 2 | 2

* A score of 1 in general indicates failure o address that component; a rating of 2 represents partial consideration and/or presentation of the variable: a
rating of 3 indicates that comprehensive information regarding that element of test construction has been made available.

memory, and working memory. Notably absent from this
dementia screening battery are tests of language and de-
layed memory. In a comparison of a small sample of Alz-
heimer’s disease patients and age-matched controls, Levin-
son et al {6] reported that a discriminant function analysis of
a subset of ANAM scores correctly classified 100% of
subjects. However, they also reported that most patients and
some controls exhibited some confusion with procedures of
the ANAM and suggested modifications on the basis of their
findings. A recent supplement to the Archives of Clinical
Neuropsvchology presents a comprehensive series of arti-
cles that summarize the test development and psychometric
properties of this battery [7-10]. Reliability data are absent
from these reports.

3.2. Computer-Administered Neuropsychological Screen
for Mild Cognitive Impairment

Developed as a screening instrument for detection of
MCI, tests of the Computer-Administered Neuropsycholog-
ical Screen for Mild Cognitive Impairment (CANS-MCI)
are intended to assess language (picture naming), memory
(immediate and delayed recall. recognition), and executive
function. The executive function tests assess mental control
and spatial ability. The battery is described as fully self-
operated. although it is designed for use as a screening tool
to be used in a clinical setting where an office assistant
needs to set the patient up to get started (a process that is
said to take minutes: personal communication with CANS-
MCI representative, 2007): tests are administered by com-
puter by means of proprietary hardware (a computer with a
touch screen and speakers) and are reported to take about 30
minutes to complete. Scoring and report generation is web-
based. Information regarding cost and contact information
is available via a website (www.mildcognitiveimpairments.
com). In the single published study located by the search
strategies described above. Tornatore et al [11] adminis-
tered the CANS-MCI and a battery of standard neuropsy-
chological tests to 310 community-residing elderly. They

reported measures of internal consistency and test-retest
reliability, correlations with parallel conventional tests, and
differences on the CANS-MCI between memory-impaired
and memory-intact groups. A factor analysis supported their
model of three factors: memory, language/spatial fluency,
and executive function/mental control. Longitudinal studies
are reported to be underway to evaluate the battery’s sen-
sitivity to change.

3.3. Cambridge Neuropsychological Test Automated Battery

This battery focuses on three cognitive domains: work-
ing memory and planning (spatial span, spatial working
memory, spatial planning), attention (set shifting, reaction
time, visual search), and visuospatial memory (pattern and
spatial recognition, delayed matching to sample, paired as-
sociate learning). Responses are via touch screen, and the
battery is described as largely independent of verbal instruc-
tion. Currently this is the most widely published battery,
although most reports are based on a small subset of the 13
tests. A principal components analysis based on more than
770 normal controls identified two factors: general learning
and memory and speed of response [12]. In one of the
earliest reports, Sahakian and Owen [13] identified the
paired associates, delayed matching to sample, and atten-
tional set shifting subtests of the Cambridge Neuropsycho-
logical Test Automated Battery (CANTAB) as particularly
sensitive to differences between healthy controls and early
stage Alzheimer’s disease and Parkinson’s disease patients.
The early review by Fray et al [14] supported the applica-
tion of the CANTAB to assessment of other neurodegen-
erative disorders. Subsequent studies have reported test-
retest reliabilities [15], normative data based on a large
sample of healthy elderly subjects [12.16]. and early detec-
tion of memory deficits [17-19]. These studies limited their
investigation to two or three of the most frequently re-
searched subtests.
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3.4. CNS Vital Signs

This test battery includes seven tests covering five
domains: memory (verbal and visual recognition), psy-
chomotor speed (finger tapping, symbol digit coding),
reaction time, cognitive flexibility (shifting attention,
Stroop paradigm), and complex attention (continuous
performance, shifting attention, Stroop). Tests of mem-
ory are administered in a recognition format; no measures
of free recall are included. The tests are self-administered
and take approximately 30 minutes to complete. Re-
sponses are via computer keyboard. Recommended uses
are for screening and for serial assessments rather than as
a diagnostic tool. Tests of memory, processing speed, and
cognitive flexibility have been shown to discriminate
between normal control and MCI subjects and between
MCI and patients with mild dementia [20]. Gualtieri and
Johnson [21] present normative data based on more than
1,000 subjects across the lifespan, with norms broken
down by decade; however, they acknowledge the need for
expanded norms at the older age ranges. Test-retest reli-
abilities, correlations with conventional tests, and com-
parisons across diagnostic groups are summarized. An
appendix provides detailed descriptions of each subtest.
The authors state that the tests are “familiar and well-
established,” but some are significantly modified from the
standard format and administration (eg, verbal memory
test is said to be adapted from the Rey AVLT, but it
presents 15 words for a single trial followed by immedi-
ate and delayed recognition, with no free recall trial).

3.5. Computerized Neuropsychological Test Battery

This battery consists of 11 subtests assessing motor
speed (finger tapping), information processing (simple
reaction time, choice reaction time), attention, verbal and
spatial memory (word-list learning and recall, paired
associate learning, visual memory, visual matching de-
layed recall), language (20-item Boston Naming), and
spatial abilities (visual matching). The Computerized
Neuropsychological Test Battery (CNTB) represents one
of the earlier efforts in computer testing of cognitive
function (22). Although it is computerized in terms of
stimulus presentation and reaction time recording, it is
fully administered by a technician and thus is not a
self-administered, automated test battery. Test responses
require use of a single key. pointing, or spoken responses
that are entered by the technician. Developed as an al-
ternative to the Alzheimer’s Disease Assessment Scale
(ADAS). this battery has been used in clinical trials for
the treatment of Alzheimer’s disease [23,24]. Although
highly correlated with scores on the ADAS, the CNTB
was reported to be more sensitive to treatment effects in
mildly impaired Alzheimer’s disease patients than the
ADAS.

3.6. Cognitive Drug Research Computerized
Assessment System

This battery was not developed specifically for detection
of cognitive decline among the elderly but to measure drug
effects, both positive and negative, on cognition in a variety
of patient populations. It has, however, been adapted for use
with dementia patients (COGDRAS-D). The battery con-
tains eight subtests: immediate word recognition, simple
and choice reaction times, memory scanning, digit vigi-
lance, delayed word recognition, delayed picture recogni-
tion, and delayed face recognition. All stimuli for this bat-
tery are presented on the computer screen. The examiner
provides instructions and initiates each task; subjects re-
spond via two buttons (Yes/No), which was found in pilot
work to be usable by impaired subjects. No information was
found on length of time to administer the entire battery. Test-
retest reliabilities and correlations between COGDRAS-D
subtests and other clinical assessments are reported by
Simpson et al [25]. Mohr et al [26] compared the ability of
several clinical trial and standard test batteries to distinguish
between normal subjects and mildly demented Alzheimer’s
disease and Huntington’s disease patients. They found that
although all batteries (ADAS, Mattis Dementia Rating
Scale, Mini-Mental State Examination [MMSE), Wechsler
Memory Scale-Revised, and the Repeatable Battery for the
Assessment of Dementia) yielded significant differences
between the healthy and patient groups, the COGDRAS was
the most sensitive in differentiating between the Alzhei-
mer’s disease and Huntington’s disease groups. Tests of
attention from the COGDRAS-D were found to discrimi-
nate between patients with Alzheimer’s disease and those
with Lewy body dementia [27]. However, DeLepeliere et al
[28] found that selected subtests of the COGDRAS-D added
little diagnostic value to basic clinical tests in a general
practice.

3.7. CogState

Subtests include measures of simple, choice, and com-
plex reaction times, continuous monitoring, working mem-
ory, matching, incidental learning, and associative learning.
All subtests are based on playing card formats, with little
reliance on or assessment of verbal abilities. Written in-
structions are presented on the screen. Responses are made
on a computer keyboard represented on the screen, with
responses by using the “k” key for yes and “‘d” key for no.
The battery requires 15 to 20 minutes to complete. No data
were available on correlations between these tests and stan-
dard cognitive assessments. A website presents relevant
ordering/cost information (www.cogstate.com). This bat-
tery was developed for repeat testing; the authors have
therefore published extensive results concerning practice
effects [29.30]. Darby et al [31] found that although subjects
with “mild MCI” were indistinguishable from healthy con-
trols on initial testing, by the third and fourth administra-
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tions within a 3-hour span, MCI subjects demonstrated
much smaller practice effects than their healthy counter-
parts. In a comparison of MCI and healthy controls, the
continuous learning task of the CogState battery detected
subtle changes in memory in subjects with MCI at 12-month
follow-up that were not detected by the Consortium to
Establish a Registry for Alzheimer Disease (CERAD) neu-
. ropsychological test battery or the paired associate learning
test of the CANTAB [32]. Cargin et al [33] reported differ-
ences on subtests of the CogState between healthy older
adults who were separated into two groups on the basis of
their CERAD Word List Delayed Recall performance.

3.8. Cognitive Stability Index

Four factors (memory, attention, response speed, pro-
cessing speed) that are based on 10 subtests have been
identified in an analysis of the performance of a normative
sample of 18- to 89-year-olds [34]. Instructions are pre-
sented on the computer screen, with a test administrator
available for clarification. All stimuli are presented nonver-
bally; responses are made via a restricted set of keys. The
battery is estimated to take between 25 to 35 minutes to
complete. This is a web-based test with automated online
record keeping; therefore, immediate comparison with pre-
vious performance is available. Ordering information is
available online at www.headminder.com. Erlanger et al
[34] also present data on test-retest reliability, concurrent
validation against other existing neuropsychological mea-
sures, and comparisons of neurology outpatient groups. The
authors recommend the Cognitive Stability Index (CSI) for
screening and monitoring of change. A shorter variant of the
CSI aimed at community screening for dementia, the Cog-
nitive Screening Test (CST), reduces the CSI subtests to
three: keyboard skills. learning and memory, and executive
function. Lichtenberg et al [35] reported the CST to have
impressive concordance with consensus diagnoses in a sam-
ple of 102 patients who presented at a geriatric clinic and
who were categorized as demented, MCI, or no cognitive
impairment.

3.9. MCI Screen

Based on the CERAD word-list learning task, this brief
battery is examiner-administered or via telephone (which ac-
counts for the absence of any visuospatial subtests). The MCI
Screen (MCIS) is described as assessing memory, executive
function, and language. This 10-minute test is essentially a
computerized version of the CERAD word-list task, with
significant moditication. A 10-word list is presented three
times. with immediate recall after each presentation; a self-
evaluation of memory and a distraction task of triadic ani-
mal comparisons are inserted before delayed free and cued
recall trials. Finally. free recall of animal names from the
distracter task completes the battery. Results are generated
immediately on completion of the test. with a primary out-

come of “normal” or “impaired.” Test-retest reliability is
based on paper and pencil versus the online MCIS, admin-
istered up to 6 months apart. A comparison with the MMSE
and Clock Drawing Test found the MCIS to be more sen-
sitive to early detection of cognitive impairment in a pri-
mary care setting [36]. A table included in the appendix of
that publication provides comparisons of the MCIS with
other standard and computerized tests in terms of accuracy
in discriminating normal aging from MCI. A unique corre-
spondence analysis (not unlike principal components) algo-
rithm incorporates the scores for each word in the three
immediate and one delayed recall administrations. Pub-
lished research with the standard, noncomputerized form of
the test showed that this methodology improved diagnostic
sensitivity of detecting MCI by 12% over use of the
CERAD delayed recall score and by 9% over the aggregate
of the three CERAD leaming trials [37].

3.10. MicroCog

Formerly known as the Assessment of Cognitive Skills
(ACS), this battery is now marketed by Psych Corp as
MicroCog. Development was originally funded by an insur-
ance company to screen older physicians for cognitive im-
pairment (and malpractice risk). The battery consists of a
standard form (18 subtests) and short form (12 subtests).
Domains include attention/mental control, memory, reasoning/
calculation, spatial processing, and reaction time; there are

‘multiple subtests for most domains. This battery is self-

administered, with a restricted set of keyboard responses

" in a multiple-choice format; instructions are presented on

the computer screen. Completion of all subtests is reported
to take approximately 1 hour for cognitively intact individ-
uals. The authors acknowledge that impaired subjects might
take much longer than the estimated 60 minutes; even lim-
ited use of the keyboard was reported to cause anxiety and
frustration in that group. Green et al [38] found the ACS to
differentiate between healthy controls and patients with
MCIL In a review of the psychometric properties of the
MicroCog, Elwood [39] acknowledged that validation
against traditional neuropsychological tests has yielded
modest results. Since then, MicroCog’s short form General
Cognitive Functioning score and Full Scale IQ from the
Wechsler Adult Intelligence Scale-III were reported to be
significantly correlated [40]. More recently, Helmes and
Miller [41] found weak correlations between measures of
the MicroCog and corresponding measures from the Wech-
sler Memory Scale-111.

3.11. Mindstreams (Neurotrax)

This battery consists of nine subtests: verbal memory,
nonverbal memory, Go-NoGo response inhibition, Stroop
interference, problem solving, visual spatial imagery, verbal
rhyming, verbal naming, staged information processing
speed, finger tapping, and visuomotor planning. Several
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subtests represent adaptations or analogues of familiar paper
and pencil tests such as the Benton Visual Retention Test,
Stroop, and the Test of Nonverbal Intelligence. It was de-
signed for use with the elderly in the detection of MCL
Responses are via a mouse and the number pad of the
computer keyboard; the entire battery is reported to take 45
to 60 minutes to complete. An abbreviated version has been
found to be equally effective in discriminating between
persons with mild dementia, MCI, and healthy controls
[42]. The full battery has been shown to discriminate be-
tween MCI and healthy elderly at a rate comparable to
traditional neuropsychological tests of similar domains
[43,44]. Doniger et al [45] found that the ability of the
Mindstreams battery to detect early cognitive impairment
was unaffected by the presence of depressive symptoms in
a cohort of normal, MCI, and Alzheimer’s disease subjects.
Additional references and information are presented at www.
neurotrax.com.

4. Discussion

In our systematic search, we identified 11 computer-
based test batteries that either were developed to screen for
cognitive decline in the elderly or have been applied to that
function. Of the 11, five were developed specifically as
cognitive impairment screens, whereas the remainder were
developed for different purposes and have been adapted or
simply co-opted to that end. In all cases, published research
describing psychometric properties of these relatively new
additions to the field of neuropsychological assessment was
identified.

Although most tests reviewed here presented what we
judged to be sufficient data to demonstrate validity, other
standard measures of test quality were less comprehensively
addressed. In just more than half of the batteries, normative
data for elderly subjects were rated as less than adequate as
a result of either small sample size or lack of data specific
to older adults in a larger sample. Reliability data were
typically presented in some form, although only three test
batteries met our highest rating achieved by describing more
than one type of reliability. Factor analytic-type data were
reported for six batteries. It is interesting to note that the
number of publications devoted to a particular battery had
little bearing on its overall ratings. The CANS-MCI, for
which only one article was located [11], presented norms for
310 community-dwelling older adults. Test-retest and internal
consistency reliability, concurrent and discriminant validity,
and confirmatory factor analysis data were also reported.

Whether included in the test development phase or as
post hoc analyses, basic indices of psychometric properties
are essential to the widespread acceptance of new cognitive
test batteries. Schlegel and Gilliland [3] have outlined the
necessary elements of quality assurance assessments for
computer-based batteries. They caution against the accep-
tance of computerized adaptations of paper and pencil tests

purely on the basis of face validity. Others have also warned
that equivalence across these media cannot be assumed
[46—-48]. At a minimum, differences in communication of
instructions, stimulus presentation, and response format
might yield significant differences in test performance, par-
ticularly in an older population. For example, computer-
based memory tests mostly rely on memory recognition
rather than memory free recall, a measure sensitive to mem-
ory decline with both aging and MCI. Finally, differences in
computer experience among elders as an intervening vari-
able in performance have been largely ignored. Raymond
et al [49] did find significant practice effects in administration
of the MicroCog 2 weeks apart, which they hypothesized to
be at least partly a result of increase in confidence with use
of the computer. They suggest that more comprehensive
training and familiarity with this relatively novel format
before assessment might yield a more reliable measure of
change.

Nevertheless, multiple advantages of computer-based as-
sessments over traditional instruments have been identified
{50,51]. A frequently cited benefit of computerized testing
has been the cost savings and scheduling flexibility offered
by the reduced need for administration by trained person-
nel. We found that few of these batteries are fully self-
administered. Indeed, the tests reviewed here range widely
in the amount of interaction required of an examiner. Some,
like the CANS-MCI and MicroCog, are reported to be
entirely self-administered, with instructions via computer
screen or speakers. At the other end of the spectrum, the
CNTB is described as a computer-assisted battery in which
the technician presents the stimuli and records the re-
sponses. Most fall somewhere in between, with a technician
present during the examination to provide instruction and/or
initiate each task in the battery. This variability suggests that
the benefits of standardized administration that have been
attributed to computerized tests should be examined on a
case-by-case basis. Moreover, the use of computerized in-
struments when dementia is suspected and when the partic-
ipant is elderly presents critical issues relevant to the cog-
nitive strengths and weakness of the participant, the nature
of the person-computer interface, and the impact of tech-
nology generally on aged people. The presence of an inter-
mediary who can clarify instructions so as to elicit valid
performance or who can halt an assessment process that is
invalid might be necessary for ethical reasons.

Another potential advantage of computerized test batter-
ies over traditional paper and pencil assessments is their
flexibility in terms of immediate adjustment to performance
levels. Many batteries have the capability of automatically
altering test order, presentation rate, and level of difficulty
in response to test performance. This built-in responsive-
ness. however, does not always allow the examiner to “‘test
the limits” of ability in pursuit of valuable clinical informa-
tion. Furthermore, item response theory would suggest that
a score that is based on the number of correct responses is
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inappropriate for a test that adapts level of difficulty during
the test administration. Indeed, it has been argued that
scores from computerized adaptive tests might not be com-
parable to those on standard tests, because the item selection
and test taking experience can differ dramatically [48].

Despite concerns related to hardware and software-based
irregularities in measurement [52], most cognitive screening
efforts can be well-served by the level of precision offered
by computer-based assessments. On the other hand, human
factors such as spontaneous verbalizations or test taking
behaviors are not captured by most current automated ex-
amination paradigms. Computerized cognitive tests to date
do not offer the richness of qualitative data available from a
full neuropsychological examination, and this is not their
intent. Future enhancements might address some of these
shortcomings and are likely to take advantage of improve-
ments in automated speech recognition, allowing for less
reliance on typing or manual input for response, as well as
evaluation of quality of speech itself. In this sense, pauses,
tone and intonation, variability of responses, and prior pat-
terns of responses might be integrated into the assessment of
cognitive function. These new methods will only be possi-
ble if the technology behind them is rigorously tested and
validated with meaningful outcomes. These developments
will evolve, resting on the strengths of computerized test-
ing: the standardization and accuracy of stimulus presenta-
tion, measures of response latencies, and automated com-
parison in real time with an individual’s prior performance
as well as his or her peers.

Finally, the experience of the user needs to be considered
in test development and refinement. In our experience, some
difficult computer tests have brought elder users to tears, an
outcome often avoided by an experienced examiner who
knows how to add a soft touch when needed. Encourag-
ingly, however, others have found that elderly test takers
rate computer-based tests as understandable and easy to use
[53] and more acceptable than paper and pencil tests [54].
The CANS-MCI is a good example of a computer test that
is well-paced and adds a measure of pleasantness to the
experience of the user.
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Appendix

of

Template for rating test batteries
Subtests (comprehensiveness of domains covered/depth
coverage within domains)

1 = Narrow focus, lack of depth

2 = Comprehensive but not in depth or narrow focus
but adequate depth

3 = Comprehensive and in depth

Normative data

1 = No data
2 = Small sample size of elderly, otherwise okay
3 = Adequate sample of elderly

Reliability (inter-rater. test-retest, internal consistency)
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1 = No data
Adequate data, 1 type of reliability
>1 type of reliability reported

[SS I o]
ot

Validity (content, construct, criterion)

I = No data
2 = Adequate data, | type of validity
3 = >1 type of validity reported

Factor analysis
I = No data
3 = Any factor analysis reported

Administration/interface

I = Poorly designed or described interface

2.= Reliance on administrator, but good interface

3 = Independent administration, self-explanatory with
good interface




