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Abstract. The computer self test (CST) is an interactive, internet-based instrument designed to assess functional cognitive
domains impaired by Alzheimer’s disease (AD) and mild cognitive impairment (MCI). This study consisted of 215 total subjects
with a mean age of 75.24. The 84 cognitively impaired patients (excluding patients diagnosed as MCI) met all criteria set forth by
NINCDS/ADRDA for the diagnosis of AD. Control participants consisted of 104 age-matched individuals who were cognitively
unimpaired. All patients completed the CST prior to other routine neurocognitive procedures. The CST accurately classified 96%
of the cognitively impaired individuals as compared to controls, while the Mini-Mental Status Examination (MMSE) accurately
classified 71% and the Mini-Cog 69% in the same respect. In addition, the CST accurately classified 91% of the six experimental
groups (control, MCI, early AD, mild to moderate, moderate to severe, and severe) as compared to 54% for the MMSE and 48%
for the Mini-Cog. In conclusions, the CST demonstrates a high degree of sensitivity and specificity and is capable of accurately
identifying cognitive impairment in patients with variable degrees of cognitive abnormality. This interactive internet-based
cognitive screening tool may aid in early detection of cognitive impairment in the primary care setting. The ease of use and
interpretation may also provide the means to obtain an accurate baseline from which to monitor cognitive changes over time.
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INTRODUCTION

In its earliest stages, Alzheimer’s disease (AD) may
include cognitive impairments in any single or multi-
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ple cognitive domains, including: memory, verbal flu-
ency, orientation, visuospatial organization, executive
functions, attention, and cognitive processing speed.
Deficits in awareness (anosognosia) and spontaneity
(affect) are also observed [1,2]. Given the insidious
onset of these symptoms, early detection in the primary
care setting would be an important venue to facilitate
available medications that have been shown to more
effectively slow the progression of AD when adminis-
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tered in its early stages [3–5].
Current data suggest that 60% of the patients with

AD are not diagnosed in the primary care setting [6]. To
date, there is debate over the most practical way to as-
sess early symptoms in AD [7–9]. Research continues
to stress the importance of delineating mild cognitive
impairment (MCI) from the prodrome of AD [9–12],
while others propose that MCI might be better classi-
fied as a pre-dementia (pre-AD) condition [13–15]. In
order for brief screening instruments to be effectively
adapted to the primary care setting, they must be easy to
interpret, accurate, and administered with only minimal
supervision. In the last decade it has become clear that
memory screening alone is not adequate for the early
diagnosis of AD [16,17]. Differentiation of other forms
of dementia with distinct neurocognitive patterns (Dif-
fuse Lewy Body Disease, Subcortical Vascular Demen-
tia, Frontal Lobe Dementia) from AD within patients
presenting with memory complaints is of particular in-
terest to researchers [18] as well as clinicians [19,20].
Brief screening instruments have been developed with
acceptable levels of sensitivity and specificity [21–26].
However, prior studies suggest that improvements in
the practical application and interpretation of these in-
struments will aid in their usefulness in both specialty
clinics and primary care setting [7]. Brief screening in-
struments that provide research supported construct va-
lidity in assessing specific cognitive domains at risk are
needed, specifically: orientation [27,28], visuospatial
and executive processing [29–31], verbal fluency [32,
33], working memory [34–37], and attention and pro-
cessing speed [38,39].

The Computerized Self Test (CST) was adapted from
a paper and pencil Self Test used in the memory dis-
orders clinic [24], which assesses all six cognitive do-
mains as well as processing speed. The CST was de-
signed with three important issues in mind for estab-
lishing a new cognitive screening test. First, the in-
strument must be constructed in such a way that the
patient alone or with the assistance of a family member
and/or caregiver (to assist with the computer interface
only) could complete the test with minimal supervi-
sion. Second, the instrument must incorporate research
findings that demonstrate that the clock drawing and
verbal fluency tests are sensitive measures of early cog-
nitive changes in dementia and AD [40,41]. Finally,
the instrument must be computer and internet based to
allow for easy access, to minimize professional time
for administration and to facilitate objective scoring.

The CST was created following indications that as-
sessing multiple cognitive domains within the same

prediction model will aid in identifying persons at risk
for developing AD [42]. The CST assesses verbal flu-
ency, visual-spatial functions, memory, attention, exec-
utive functions, and perceptual/processing speed in ap-
proximately 15 minutes. The CST is designed to detect
early deficits in one or more specific cognitive domains
with adherence to the guidelines that any screening test
does not produce a definitive diagnosis of dementia [43]
and comprehensive neuropsychological and clinical as-
sessments are needed to make a probable or possible
diagnosis [44].

We hypothesized that the combination of measures
in the CST would provide an accurate prediction mod-
el for discriminating between six experimental groups
(normal, MCI, early AD, mild to moderate AD, moder-
ate to severe AD, and severe AD) with special consid-
eration given to the global deficits between cognitively
impaired (CI) and control groups.

MATERIALS AND METHODS

Participants

This study consisted of 215 total participants with a
mean age of 75.24. The 84 cognitively impaired pa-
tients (excluding patients diagnosed as MCI, n = 27)
met all criteria set forth by NINCDS/ADRDA for the
diagnosis of AD. Exclusion criteria included: stroke
(large vessel), psychiatric disorders, diagnosis of alco-
hol abuse or alcoholism, presence of prior neurological
disease, and significant sensory deficits or physical im-
pairment that would preclude interaction with the com-
puter or caregiver. The CI group consisted of current
patients seen and followed at our memory disorders
clinic that have met all criteria and received a diagnosis
of AD as set forth by the National Institute of Neuro-
logical and Communicative Disorders and Stroke and
the Alzheimer’s disease and Related Disorders Asso-
ciation. Patients with MCI met appropriate criteria as
outlined by Petersen [45]. The control group consisted
of spouses of affected individuals and from individuals
recruited from volunteer organizations working within
the medical center. All controls completed the same
neurocognitive procedures as the CI group with the
addition of the Montreal Cognitive Assessment (Mo-
CA) [46,47] to aid in the identification of individuals
with possible mild cognitive impairments.

Table 1 shows the demographic information for each
group; included in the table are the group, number in
group (N), mean age, range, standard deviation (SD),
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Table 1
Demographics for participants. From left to right are the diagnostic group, size, mean age, range,
standard deviation, gender per group, years of education with range and standard deviation

Group Size (N) Mean age Range SD Gender Edu range SD

Control 104 75.45 58–89 7.25 M 41 15 8–20 2.70
F 63

MCI 27 67.24 53-78 6.42 M 24 14 8–20 4.07
F 3

Early AD 22 77.45 68–91 5.22 M 6 14 8–20 2.96
F 16

Mild to Moderate 33 75.21 56–94 9.08 M 14 14 12–20 3.03
F 19

Moderate to Severe 24 78.39 65–89 6.60 M 14 13 12–20 2.84
F 10

Severe 5 75.00 71–80 3.53 M 1 15 12–16 1.79
F 4

gender, and mean education in years, with range and
standard deviation. The diagnosis of dementia and
classification into the appropriate group (MCI, stages
of dementia) were performed by an experienced Neu-
rologist and Geriatric Psychiatrist. They had an op-
portunity to review the results of all cognitive data but
were blinded to the results of the CST. In addition,
all patients were examined and are followed either by
the Neurologist or Geriatric Psychiatrist on a regular
basis in the memory disorder clinic. The neurocog-
nitive measures administered to all individuals in the
memory disorders clinic are: MMSE, paper self test,
Mini-Cog, test of executive functions, test of verbal
fluency, MoCA (when indicated), Geriatric depression
scale, caregiver/spouse/family member interview, and
clinical examination. Diagnoses are based on a com-
posite of these measures. The groups in this study were
classified in a similar fashion with MMSE scores as
a reference base. The MMSE scores for each group
are: Control (28–30), MCI (26–29/MoCA < 26 and
> 20), Early AD (23–26), mild to moderate AD (18–
22), moderate to severe AD (11–18), and severe AD
(< 10), respectively.

Data collection and processing

The CST was administered prior to routine neu-
rocognitive measures given to patients in the memory
disorders clinic. The patients and or caregivers were
asked at the time of their appointment if they would
like to participate in a research trial. All participants
and or caregivers were read, signed, and agreed to the
informed consent protocol approved by the Institution-
al Review Boards of the Volunteer Research Group and
the University of Tennessee Medical Center. All par-
ticipants were paid $10 for participation. The testing

procedures were carried out in a standardized fashion
utilizing portable laptop computers with the patients,
caregivers or both seated in examination rooms. The
assessment instruments were administered in the order
listed in the following section.

Assessment measures

(i) The CST is internet based and takes approxi-
mately 15 minutes to complete. It provides a user
friendly interface with both written and oral in-
structions. If the participant reports experience
with computers, he or she continues on with the
test independently. If the participant reports no
experience with computers and requires help to
operate a computer, the caregiver is asked to ad-
minister the test. Alternatively, if asked, a techni-
cian is also available for assistance with test ad-
ministration. The caregiver, family member, or
technician may manipulate the mouse or arrows
for the patient or facilitate the typing and entering
of patient responses. These individuals, howev-
er, are given explicit instructions not to provide
aid or hints to the patient in order to obtain the
most accurate results. The CST was not used in
the diagnostic criteria for any of the study par-
ticipants. The CST was created with carefully
manipulated assessment and scoring mechanisms
that are unique to this instrument. In cognitive
testing, there is often significant overlap between
test content [48], in part due to the inherent na-
ture of human cognition and its dependence on
language. Thus, in content, scoring, and deliv-
ery, the CST is a novel and unique instrument.
Painstaking attention was also applied to the re-
sults as seen by the patient, such that no inference
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or indication that may lead to the interpretation
of a diagnosis of dementia is given to the patient.

CST content
The CST obtains demographic information on the

initial screen. This information includes, gender, age,
computer experience, self-report of memory problems,
family history of memory problems or dementia and
if assistance is needed to complete the CST. The CST
assesses six cognitive domains.

Visual spatial/executive processing
The clock drawing test [49,50] is presented on three

screens. First the participant is presented a selection
of four geometric shapes from which he or she is to
choose the shape that best represents a clock face. Sec-
ond, clock numbers (12, 3, 6, and 9) are presented in
succession. The participant is asked to click on the
clock face where each of the numbers should go. Fi-
nally, the participant is presented a selection of clock
hands. Only one clock-hand set will produce the time
at ten after eleven. The participant has to click on the
correct choice and can score up to 4 points. This type
of clock construction task reduces the demand on mo-
toric functions [51] and reduces the likelihood of errors
in scoring due to motor slowing produced in normal
aging [52].

Working memory
Engle and colleagues [53] proposed that working

memory [54–56] capacity is the ability to temporar-
ily maintain representations with distraction or inter-
ference. The complex span task requires maintenance
of a list of items to be recalled in the face of other
information that needs to be processed but is irrele-
vant to the memory task. Hence, list elements must
be maintained in working memory, but in addition, the
task requires executive attention [57,58] in order to
preserve these representations during an interference
or secondary task. The memory and attention sub-
tests were developed with these fundamental concepts
in mind. The participants are presented three words
and given instructions to study the words and commit
them to memory. The participants are then presented
a screen with three blank text boxes after the verbal
fluency section of the test and asked to type in the three
words. The memory section algorithm automatically
detects the correct word based on the first three letters
and it is entered into the text field for the patient. There
are 3 points possible for this section. The three words

for the memory subtest are maintained algorithmically
and randomly changed for each test administration to
hinder possible test-retest learning effects.

Verbal fluency
Verbal fluency has been demonstrated to be an im-

portant component of semantic memory. The verbal
fluency section of the CST asks participants to name 15
animals as quickly as possible. The database for verbal
fluency operates through an algorithm of word-pattern
matching (includes ∼2,000 animal names) such that
when the first three or four letters are identified, the
computer automatically completes the word and enters
it into the text space; therefore, the patients are not
penalized points for spelling. Similarly, perseverative
effects are controlled for such that repeated words are
not rewarded. There are a total of 15 points possible
for this section.

Attention
The attention section reflects components as de-

scribed by Engle [53] such that the participants are
asked to type in the names of 5 months prior to Decem-
ber in reverse order (e.g., December, November, Octo-
ber). This test maintains active engagement of working
memory, attention, and concept organization. Like the
other text entry subtests, the first three or four letters
are automatically detected and entered. Spelling does
not affect the total points for this section. There are a
total of 5 points in this section.

Orientation
The participants are asked to recall the current year,

current month, and current date. The auto-detection
feature is also present in this section. There are a total
of 3 points for this section.

Processing speed
The time or processing speed is used for compari-

son to control samples and statistical classification –
patients are not penalized for the total time. Time is
measured for each subtest and for the total time of com-
pletion. Patients are advised that it is a timed test and
are encouraged to complete it as quickly and accurate-
ly as possible. To prevent extraordinary amounts of
time being used by non-interaction with the test, after
30 seconds of inactivation (e.g., no mouse or keyboard
movement), the test will automatically progress to the
next screen. Hence, inactivity will result in sections
being missed thereby lowering the total score.
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User interface

The CST provides a user friendly interface and is
easily manipulated with rudimentary computer skills.
In our sample, the technician remained in the room
with patient and or patient/caregiver for the entire test
completion in order to passively monitor compliance,
interactions, and record behavioral observations. Be-
havioral Rating Scales (BRS) were created for the tech-
nician to record observations and the severity of behav-
ioral and psychiatric symptoms and functional ability.
The BRS consist of a five point rating system 1 = no
problems or difficulty and 5 = severe problems and dif-
ficulty. The ratings consist of orientation, motor func-
tions, attention, and retention of task, comprehension,
and awareness of task. In addition, the BRS recorded
any attempts by the caregiver/or family member who
were assisting the patient with the computer interface
to improve the patient’s score.

(ii) Mini Mental State Examination (MMSE) [59]
(MiniMental, LLC): The MMSE is probably
the most widely used test of cognitive function.
It is extensively used as a screening tool in the
diagnosis of dementia as well as to assess sever-
ity and change over time. The MMSE has a
maximum score of 30 points. The test items are
orientation to time and place (10 points), reg-
istration of 3 words (3), attention and calcula-
tion (5), recall of 3 words (3), language (8) and
visual construction (1).

(iii) Executive Functions: The written test of ex-
ecutive functions is routinely administered to
patients in the memory disorders clinic. This
test assesses concept formation, attention, self-
monitoring and reasoning for abstract concepts,
including proverbs and similarities [60]. It al-
so presents three abstract concepts: How much
does an elephant weigh? How many camels
are in California? An abstract maze problem
is given – a blank rectangle is presented with
a problem: I have lost my keys on a football
field, show me how you would search for them.
Self monitoring, attention and self regulation
are assessed by finger tapping tests [61]. The
total possible score is 15 points.

(iv) Verbal Fluency: The test of verbal fluency con-
tains three sections, each 1 minute in length.
The participants are asked to recall as many an-
imals + vegetables + fruits as possible with-
in the allotted time. The cut-off for abnormal
performance is < 38 (total).

(v) Mini-Cog: The Mini-Cog test is freely down-
loadable from http://www.hospitalmedicine.org
/geriresource/toolbox/welcome.htm. It is a 3-
minute instrument used to screen for cognitive
impairment in older adults. It utilizes a three-
item recall test for memory screening and a
simply scored version of the clock drawing test
serving as interference for the working memo-
ry task. The Mini-Cog was administered and
scored utilizing the standard procedures in [62].

(vi) Geriatric Depression Scale (GDS): The Geri-
atric Depression Scale (GDS) is one of the most
commonly used depression screening instru-
ments in elderly populations. The scale is a
30 item, easily administer inventory that has
been used widely to assess elderly populations
in communities and institutions, including hos-
pitals and nursing homes [63–66].

Data analysis

Discriminant Analysis was employed to determine
the accuracy of the CST, MMSE, and Mini-Cog in
the classification of cognitively impaired and control
groups and in classification of the six groups in this
study. Discriminant analysis builds a predictive model
for group membership, which is composed of a set of
discriminant functions based on linear combinations of
the predictor variables that provide the superlative dis-
crimination between the groups. We elected discrim-
inant analysis based on its robustness despite modest
violations to the assumptions of normality [67]. Pro-
cedures, however, typically violating multivariate nor-
mality (e.g., dichotomous variables) are not likely to
affect conclusions based on discriminant analysis [68].
Reliability and validity analyses were conducted for the
obtained scores on the CST comparing them to subtest
scores on the MMSE, Mini-Cog, the paper version of
the CST, and the written and administered versions of
verbal fluency and executive functions. We compared
the means between cognitively impaired and controls
for demographic variables and total test scores not as-
suming equal variances. We then performed a test-
retest analysis for 38 CI patients and 10 controls at∼six
weeks. For this analysis we utilized a two-way ran-
dom effects model with an absolute agreement defini-
tion and the Pearson product-moment correlation coef-
ficient. Multivariate analysis of variance (MANOVA)
was utilized to compare the diagnostic groups to deter-
mine significant differences for each diagnostic group
compared to controls for the CST. The mean differ-
ence was compared using the Tukey adjustment with
alpha=0.05.
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Fig. 1. ROC illustrating sensitivity and specificity of the CST, MMSE, and Mini-Cog for detection of cognitive impairment with MMSE cutoff
at 24.

RESULTS

Accuracy, sensitivity, and specificity

The discriminant analysis results show the CST cor-
rectly classified 91% of the six experimental groups list-
ed in Table 1, and 96% of the two groups (cognitively
impaired and control). The MMSE correctly classified
54% of the six groups and 71% of the two groups. The
Mini-Cog correctly classified 48% of the six groups
and 69% of the two groups. The probabilities for group
inclusion (normal/CI) from the discriminant analysis
with the cutoff set at MMSE = 24 were entered into
a receiver-operating characteristic curve (ROC) analy-
sis. The CST area under the curve (AUC) is 99%, SE
(0.006), p (0.000), with sensitivity of 99% and speci-
ficity of 95%. The MMSE AUC is 82% SE (0.039), p
(0.000) with sensitivity at 83% and specificity of 38%.
The Mini-Cog AUC is 89% SE (0.039), p (0.000) with
sensitivity at 89% and specificity of 55%. Figure 1
shows the ROC curves for each of the measures.

Reliability and validity

The total score for the CST is positively correlated
with the total score on the MMSE, r = 0.56, p < 0.000.
The CST orientation subtest shows significant correla-
tions with the orientation to time (r = 0.79, p < 0.000)
and place (r = 0.66, p < 0.000) of the MMSE. The
working memory subtest for the CST is correlated with
the recall test of the MMSE at significant levels (r =
0.61, p < 0.000). The test of attention for the CST is
correlated with the test of attention on the MMSE (r =
0.69, p < 0.000). The verbal fluency subtest on the
CST is correlated with test of verbal fluency (r = 0.53,
p < 0.000). Similarly the clock subtest is correlated
with tests of executive functions (r = 0.35, p = 0.003)
and the intersecting pentagons subtest on MMSE (r =
0.36, p = 0.018). We assessed reliability using a two-
way random effects model with an internal consisten-
cy definition. The intra-class correlations (ICC) for
the CST orientation subtest and MMSE orientation to
both place and time are 0.72 for single measures and
0.88 for average measures (p < 0.00). The CST total
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Fig. 2. MANOVA results for mean CST scores for each of the diagnostic groups compared to controls.

score and scores on tests of executive functions (e.g.,
proverbs, finger tapping, similarities) show (ICC) of
0.43 for single measures and 0.61 for average measures
(p < 0.00). The memory subtest on CST and recall
on MMSE show an ICC of 0.61 for single measures
and 0.76 for average measures (p < 0.00). The atten-
tion subtests on CST and MMSE show ICC of 0.27 for
single measures and 0.43 for average measures (p =
0.04). The correlation between the CST and the paper
version is 0.98, (p < 0.01), similar results are shown for
the internal consistency analysis between the CST and
paper version (17) with an average measure of 0.98, F
(155.13), p < 0.000. The CST memory subtest shows
a positive correlation to the total of the Mini-Cog 0.71
(p < 0.000), as does the total clock for CST 0.28, (p <
0.000). The test-retest for the total group of 48 at ∼six
weeks produces a Chronbach’s alpha of 0.76 with F
(47) = 4.17, p < 0.00.

Multivariate tests between diagnostic groups

The means for the CST for each diagnostic group
are plotted in Fig. 2. On the y axis is the mean CST
score and on the x axis are the diagnostic groups. The
MANOVA results show the differences for each group
compared to controls are significant. The MCI mean
26.96, SD=1.63, Mean difference (MD)=1.43*, and
standard error (SE)=0.33. The early AD group mean is
24.77, SD=1.31, MD=3.62*, SE=0.362. The Mild to
moderate group mean is 22.03, SD=1.49, MD=6.86*,
SE=0.308. The moderate to severe group mean is
17.83, SD=1.83, MD=10.56*, SE=0.349. The severe
group mean is 9.4, SD=1.82, MD=18.99*, SE=0.706.
The asterisk indicates significant at < 0.01.

Table 2 shows the results for the univariate tests for
the MANOVA procedure. In the table from left to right
are the dependent variable, sum of squares, degrees of
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Table 2
Univariate tests for the MANOVA procedures. From left to right are demographic, self report and cognitive measures, the sum of squares and
error, degrees of freedom, mean square, F for the test, significance, partial eta squared, and the observed power. Each of the dependent variables
is significant when the diagnostic groups is a between subject factor. The partial eta (effect size) shows that the CST accounts for 89% of the
variance between the groups in this study. The observed power indicates the sample size is adequate for the statistical procedures utilized

Dependent variable Sum of squares df Mean square F Sig Partial eta squared Observed power (a)

CST Corthast 4030.769 5 806.154 338.893 0.000 0.890 1.000
Error 497.166 209 2.379

SRMP Corthast 14.448 5 2.890 15.610 0.000 0.272 1.000
Error 38.687 209 0.185

FM HX Corthast 4.321 5 0.864 4.115 0.001 0.090 0.953
Error 43.893 209 0.210

GENDER Corthast 6.928 5 1.386 6.219 0.000 0.130 0.996
Error 46.561 209 0.223

AGE Corthast 1270.146 5 254.029 4.881 0.000 0.105 0.980
Error 10878.412 209 52.050

CSTTIME Corthast 220.380 5 44.076 3.969 0.002 0.087 0.945
Error 2320.705 209 11.104

MINI-COG Corthast 83.695 5 16.739 15.266 0.000 0.268 1.000
Error 229.161 209 1.096

MMSE Corthast 1886.741 5 377.348 37.573 0.000 0.480 1.000
Error 2044.580 209 9.783

freedom, mean square, F value, significance level, par-
tial eta squared (the proportion of the effect + error
variance that is attributable to the effect), and the ob-
served power (or adequacy of the sample size for the
statistical procedure). The mean time for completion of
the CST in minutes and seconds is � 6.10 for controls,
7.5 for MCI, 8.11 for early AD, 8.57 for mild to moder-
ate, and � 9.00 for both moderate to severe and severe.
Clinical observations suggest that if the patient takes
longer than 13 minutes to complete the CST, the score
will not improve. Similarly, the more severe groups
may finish the CST in as little as 3 minutes due to the
inability to complete the items.

The results of the t-tests between CI and controls for
all behavioral ratings (BRS) show the CI group exhibits
more difficulties in orientation t (5.48), p < 0.000, mo-
tor functions t (3.65), p < 0.000, attention t (6.02), p <
0.000, task comprehension t (3.97), p < 0.000, task
retention t (6.23), p < 0.000. The CI group had sig-
nificantly more caregiver assisted administration than
controls t (6.78), p < 0.000. Of interest the CI group
reported more computer literacy than controls with t
(5.76), p < 0.000) (possibly associated with anosoag-
nosia). The degree of difficulty with self administra-
tion increases relative to the stage of the disease. Thus
far, the data indicate that the caregiver assisted admin-
istration did not affect the accuracy of the discriminant
classification.

DISCUSSION

The CST provides an alternative to traditional paper
based methods for assessing neurobehavioral and cog-

nitive functions. The individual may complete the CST
alone or receive assistance from a caregiver or other
non-professional acting only to facilitate the computer
interface. The current data indicate that the CST is a
valid and sensitive instrument for evaluating functional
deficits in both global and specific cognitive domains.
The total CST score, processing speed (time to com-
plete the CST), self-report of memory problems, age,
family history of AD, and gender offer a reliable and
accurate prediction model for classifying and discrimi-
nating between normal, MCI, and various stages within
AD for the population in our study. Recent data sug-
gests that 21% of a multiethnic group of normal elderly
subjects progressed to MCI at a rate of 5% per year. For
those individuals presenting initially with MCI, 22%
were subsequently diagnosed with AD at a rate of 5%
per year [69]. 47% of the cohort remained unchanged
and a rather large number (31%) reverted to normal.
Individuals with MCI that had impairments in memory
and at least one other cognitive domain were shown to
be highly associated with greatest risk for conversion
to AD and these patients were less likely to revert to
normal at follow-up [69]. In addition, research has
shown that AD patients may show cognitive deficits
many years prior to the diagnosis of dementia [70,71].

The CST shows a high rate of successfully classi-
fying global cognitive impairment from normal cogni-
tive functioning and does so with significant accuracy,
sensitivity, and specificity with the consideration that
increased sample size does increase the additive prop-
erty of screening tests [48]. The current findings are
important for populations exhibiting early symptoms of
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MCI as well as those individuals that have a family his-
tory of AD. Early computerized cognitive monitoring
may prove important for both populations exhibiting
early functional symptoms as well as those individuals
that have a family history of AD. In addition, as the
population ages many individuals become increasingly
concerned about their own cognitive health (i.e., the
worried well) [72].

The CST provides an easily interpreted and adminis-
tered method of obtaining a baseline of cognitive func-
tioning. One of the primary objectives for the CST
is to increase the likelihood of detecting the earliest
declines in cognitive functioning in order to decrease
the number of individuals that go undiagnosed in the
primary care setting. However, with the development
of any screening test, expressed consideration needs to
be given to reducing the likelihood of a misdiagnosis
or false positive. The CST does not provide any diag-
nostic information to the patient in the results section.
Painstaking effort was put into the wording and pre-
sentation of deficits such that the likelihood of an in-
terpretation of dementia from the results is minimized.
The benefits of correct detection of deficits for the pa-
tient include the implementation of more extensive as-
sessment and testing procedures to accurately diagnose
the syndrome and initiation of medications that have
been shown to produce positive benefits [4]. The harm
due to false positive results involves not only the cost
of further testing but also the emotional effects on the
patient. These issues are discussed in more detail in a
recent review [48].

If the data obtained in this early study continues to
demonstrate, as larger samples become available, a dis-
tinct pattern of variable cognitive changes in MCI and
stages of AD an emerging concept of a domain specif-
ic cognitive patterns (DSCP) may continue to develop.
This concept may offer a novel and important direc-
tion for further research. It will be possible to con-
struct large data sets for standardizing DSCP in order
to identify deficits and classify individual patients more
quickly and accurately.

The CST, in the current population, is sensitive to
differences between normal, MCI, and stages within
AD by assessing functionality in six cognitive domains
(memory, verbal fluency, orientation, visuospatial or-
ganization, executive function, and attention). The
MANOVA results show there are significant deficits for
the CI group as compared to controls. The effect size
for the CST accounts for 89% of the variance between
all diagnostic groups. Additionally, the variables in-
cluded in the discriminant function appear to provide

an accurate predictive model. However, future research
will include additional cognitive modules and intensive
analysis of the functional relationships between cogni-
tive component-processes.

Several additions may strengthen the current study.
It is inherently true that any screening instrument will
perform more efficiently in predefined groups as op-
posed to consecutive or unknown populations. Fur-
ther analysis of concurrent validity with other wide-
ly used cognitive screening instruments (MoCA, De-
mentia Rating Scale, WAIS memory scale) is desir-
able. Recent research suggests that practice effects
are evident for some of the tasks in the CogState bat-
tery [73]. We would also like to obtain large samples
of ethnic and culturally diverse populations for further
study and standardization. The population in this study
is from one local center with mostly Caucasian indi-
viduals with a high degree of the patients being well-
educated; therefore, larger samples are needed. These
limitations will continue to be addressed as our research
continues. The CST utilizes variations of substantiat-
ed neurocognitive assessment procedures and further
additions are planned. Additionally, upon the comple-
tion of more clinical trials and independent validation
the discriminant functions will be available via inter-
net access for physicians to determine the probability
of inclusion in specific diagnostic groups based on the
patient’s individual domain specific cognitive profile.
The results of the discriminant analysis will provide the
specific probability of inclusion into specific diagnostic
groups. All patients in this study are followed in the
memory disorders clinic and we will continue to obtain
longitudinal data. This system of testing will continue
to develop and we will be incorporating other clinical
populations (i.e., non-amnestic and non-AD dementia
types) in future studies.
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