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Abstract
Objective: The aim of this study was to evaluate the short-term stability and reliability of a brief computerized cognitive battery
in established dementia types. Method: Patients were administered the computerized battery twice with administrations
approximately 2 hours apart, with intervening conventional neuropsychological tests. Patients were classified clinically, via
consensus conference, as healthy controls (n ¼ 23), mild cognitive impairment (n ¼ 20), Alzheimer’s disease (n ¼ 52), dementia
with Lewy Bodies ([DLB], n = 10), or frontotemporal dementia (n¼ 9). Results: Minimal practice effects were evident across Cog-
State test administrations. Small magnitude improvements were seen across all groups on a working memory task, and healthy con-
trols showed a mild practice effect on the accuracy of associative learning. Conclusions: In established dementia, administration of
the CogState tasks appears sensitive to cognitive impairment in dementia. Repeat administration also provided acceptable
stability and test-retest reliability with minimal practice effects at short test-retest intervals despite intervening cognitive challenges.
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Introduction

Repeated administration of neuropsychological test batteries

has become common practice for evaluating change over time

in patient populations. Due to the progressive nature of demen-

tia,1 serial assessments aid in the delineation of disease course

and are important for evaluating the efficacy of novel therapeu-

tic interventions. Identifying techniques for reliable measure-

ment of change in cognitive impairment in patients with

dementia is of vital importance for guiding both clinical prog-

nostication and evaluating new therapies at all stages of these

diseases. The stability of an instrument is a measurement of

consistency, or the ability of the test to give similar results

under similar conditions, and is influenced by many factors,

including inherent test properties, testing conditions, and fea-

tures of the disease under evaluation.2 Test stability can be

evaluated over time, as is done via test-retest reliability, or

across populations, by assessing the time by population interac-

tion.2 A common problem of many standard neuropsychological

batteries is the occurrence of improvement with repeated

exposure to the test (practice effects), which are described vari-

ably even a few months later3 and are significant in conventional

tests administered at high frequency.4 In contrast, the computer-

ized CogState battery is a collection of brief cognitive tests with

minimal practice effects when administered repeatedly over a

single day in both control populations5-7 and individuals with

psychiatric disease (schizophrenia8) and mild cognitive impair-

ment (MCI9). It is currently unknown whether this computerized

battery displays similar stability across clinical dementia popu-

lations, including probable Alzheimer’s disease (AD), fronto-

temporal dementia (FTD), and dementia with Lewy Bodies

(DLB).
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The CogState battery used in the current study consisted of

6 subtests designed to rapidly assess psychomotor processing

speed, attention, working memory, new learning, divided atten-

tion, and associative learning.10 The purpose of the current study

was to determine the stability of this computerized battery over a

relatively brief testing interval (2 hours) across subclinical and

dementia groups. Similar to previous research with MCI,9 we

anticipated that this battery would display high stability and

test-retest reliability across groups. In addition, consistent with

prior research,11 we expected that the dementia groups would

perform worse than subclinical groups on this battery.

Methods

Sample and Design

All participants (n¼ 114) in the current study were enrolled in a

longitudinal cohort of the University of Michigan Alzheimer’s

Disease Research Center (MADRC). Participants were

recruited from several avenues including the University of

Michigan’s Neuropsychology Section in the Department of

Psychiatry and the Cognitive Disorders Clinic in the Depart-

ment of Neurology, as well as through MADRC community

outreach. Participants received a neurological evaluation, and

individuals with a history of stroke, Traumatic Brain Injury

(TBI), and intellectual disability were excluded. Diagnosis of

participants was carried out at a consensus meeting consisting

of at least 1 neuropsychologist and 2 neurologists, as well as

other support staff. Healthy controls (HCs) were determined at

consensus to have normal neurological, neuropsychological,

and health-related profiles. Participants were classified using

the uniform data set (UDS) criteria of the National Alzhei-

mer’s Coordinating Center,12 which include definitions for

MCI according to the revised criteria published by Petersen,13

probable AD according to National Institute of Neurological

and Communicative Diseases and Stroke-Alzheimer’s Disease

and Related Disorders Association (NINCDS-ADRDA) cri-

teria,14 and FTD15 and DLB16 by consensus conference.

Neuropsychological Measures and PiB Binding

Conventional neuropsychological tests were included to

evaluate the domain-specific impairment in the clinical groups

and document severity by global scales. In conjunction with

their participation in the MADRC, all participants were admi-

nistered a battery of neuropsychological tests as specified by

the UDS test battery,12 with selected additions. Specific

domains were assessed using raw score values from the follow-

ing measures: for visual and auditory delayed memory, total

items remembered from the visual reproduction (VR) and logi-

cal memory (LM) subtests from the Wechsler Memory

Scale-III were used17; working memory and executive func-

tioning was measured using the total raw score for the digit

span (DS) subtest from the Wechsler Memory Scale-Revised,18

the Trail Making Test Part B (TMT19) time in seconds, and the

total number of correct matches from the Wisconsin Card

Sorting Test (WCST20); verbal fluency was assessed via the

number of words generated on the Controlled Oral Word Asso-

ciation Test (COWA21). The Mini-Mental State Examina-

tion (MMSE22) and the Geriatric Depression scale (GDS23)

were also administered. Participants performed the computer-

ized CogState battery before and after the completion of con-

ventional neuropsychological testing. Each computerized

session lasted approximately 20 to 25 minutes, and the entire

testing process took approximately 3 to 4 hours to complete.

Testing was restricted to one-half day so as to minimize fati-

gue and ensure testing was completed efficiently.

To provide supportive evidence of putative AD pathology in

the current sample, the majority of participants also underwent

a [11C]PiB positron emission tomography (PET) scan on a

Siemens ECAT HRþ camera operated in 3-dimensional (3-D)

mode (septa retracted); 14 of 20 MCI, 45 of 52 AD, 9 of 9 DLB,

and 9 of 10 FTD participants received [11C]PiB PET scans,

however HC participants were not scanned. [11C]PiB PET

images were acquired as a dynamic series of 17 scan frames

over a total of 80 minutes.24 Parametric [11C]PiB distribution-

volume ratio images (DVR) were computed by averaging

the last 4 scan frames (40-80 minutes) normalized to the

mean value of the cerebellar hemisphere gray matter.

Standardized participant [11C]PiB PET transaxial image data

sets stripped of identifiers were evaluated in a blinded man-

ner by 1 expert interpreter (KF). PiB deposition was judged

abnormal if the cortical PiB deposition exceeded subjacent

white matter deposition.24 Visual assessment of cortical PiB

deposition has been found to exhibit accuracy comparable

to quantitative analyses of PiB binding.25

CogState Tasks

Computerized testing was performed in the current study using

tasks from the CogState battery. For each task, instructions

were provided on the computer screen, followed by a playing

card presented facedown in the center of the screen on a green

background. After a short interval (around 2.5 seconds), the

card turned faceup and the participants were required to

respond ‘‘yes’’ or ‘‘no’’ based on questions that varied for each

task, as follows:

Detection task (DET): A simple reaction time task that

requires the participant to respond as quickly as possible

when the central card is turned faceup.

Identification task (IDN): A choice reaction time task that

measures visual attention and requires the participant to

respond differently if the faceup card is red or black.

One-back task (OBK): An OBK task that assesses working

memory and attention and requires the participant to

determine whether the faceup card was the same as the

preceding card.

One card learning (OCL): A continuous visual recognition

learning task that assesses visual recognition memory

and attention and requires the participant to determine

whether the faceup card had appeared in the current task

previously.
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Divided attention (IDM): Assesses the participant’s ability

to perform parallel cognitive activities, requiring moni-

toring of the movement of a line of 5 cards horizontally

on the computer screen while at the same time perform-

ing the OBK task.

Associative learning (ASSL): Requires the participant to

determine whether pairs of cards match a legend of 5 card

pairs presented at the top of the screen. Upon correctly

matching, the participant has to judge subsequent trials

based on memory alone.

For each computerized task, speed and or accuracy measures

were computed and evaluated. The selection of outcome

measures (speed, accuracy, or both) were chosen based on their

ability to optimally measure change and reduce ceiling or floor

effects. For example, on relatively basic tasks like simple and

choice reaction time, accuracy measures were not selected

because notable ceiling effects exist for those tasks (most parti-

cipants were 100% accurate). The speed measure was computed

as the mean of the distribution of base 10 logarithmic trans-

formed reaction times in milliseconds, and the accuracy as the

arcsine transformed proportion of correct responses (correct

responses divided by total responses).7,10 These transformations

aimed to normalize the data distributions for parametric analy-

ses. In addition, test scores that failed to meet test completion

criteria (�75% trials completed) were excluded; 3 participants

from the probable AD group were excluded from the study due

to poor completion rate during the 2 CogState trials.

Data Analysis

For the primary computerized task analyses, a series of

repeated measures analyses of variance (ANOVAs) were

performed on each of the computerized task reaction time and

accuracy variables in each diagnostic group, but only tasks

selected to be optimal in detecting change based on previous

pilot data were included in the analyses. The main effects for

these analyses were diagnostic group and trial (1-2), and the

interaction effect was a group� trial interaction; for any signif-

icant interaction effects, post hoc comparisons were performed

using Least Squared Means to determine specific group differ-

ences. For the majority of the remaining neuropsychological

and demographic test variables, ANOVAs were performed

using diagnostic group as the independent variable, and post

hoc comparisons were run to determine specific group differ-

ences. For categorical-dependent variables (gender, handed-

ness, and PiB status), chi-square analyses were performed

with diagnostic group as the independent variable, and second-

ary post hoc comparisons were also performed. Measures of

effect size were expressed as partial eta square (Z2) values for

omnibus test analyses, and Cohen d values for post hoc

analyses.

Stability analyses were performed for each computerized

task using test-retest reliabilities between the first and second

task trials, utilizing Pearson product-moment correlations. Sta-

bility analyses were performed on the HC, MCI, and AD groups

only due to the small sample size for the FTD and DLB groups.

Results

Of the 114 overall participants (mean age ¼ 70.2 + 8.6 years,

mean education ¼ 15.4 + 3.4 years, 60% male), 23 were

healthy volunteers (HCs), and the rest were classified as fol-

lows: 20 participants with MCI, 52 participants with probable

AD, 10 participants with FTD, and 9 with DLB. Table 1 shows

Table 1. Demographic and Traditional Neuropsychological Variables for Each Groupa

Measure HC MCI AD DLB FTD Effect Size

n 23 20 52 9 10
Age 68.4 (9.5) 73.5 (5.9) 70.8 (8.7) 70.4 (8.5) 64.2 (8.1) 0.08
Gender 47.8% 52.4% 58.8% 77.8% 90% 0.25
Education 16.2 (2.9) 15.7 (3.2) 15.4 (3.7) 14.3 (2.3) 13.7 (3.1) 0.05
% Taking cholinesterase inhibitors 4.3 23.8b 80.4c 88.9c 60.0c

PiB þ – 50.0% 91.1% 44.4% 22.2% 0.45
MMSE 29.1 (.9) 27.0 (2.3) 21.8 (4.8)c 22.1 (3.8)c 21.4 (3.7)c 0.42
GDS 1.5 (2.0) 1.7 (2.1) 1.8 (2.4)b 6.0 (4.2)c,d 3.8 (2.2)c,d 0.20
VR DR 46.5 (26.5) 22.1 (21.2)b 5.3 (7.0)c 8.6 (12.2)b 11.4 (17.1)b 0.49
LM DR 27.9 (8.4) 13.2 (9.8)b 5.6 (6.7)c 9.2 (9.6)b 8.3 (8.1)b 0.56
WCST 46.1 (6.8) 40.6 (10.1) 31.9 (11.5)c 26.8 (11.3)b 34.2 (9.2)c 0.33
TMT B 71.2 (24.8) 103.7 (46.2) 227.2 (100)c 253.3 (113)c 209.6 (103)c 0.50
COWA 41.9 (9.8) 41.9 (14.2) 29.5 (14.3)c 21.4 (11.5)c 17.0 (12.3)c 0.30
Digit span 8.8 (1.7) 7.8 (1.9) 6.8 (2.5)c 6.0 (2.1)c 6.8 (2.0)c 0.15

Abbreviations: HCs, healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s disease; FTD, frontotemporal dementia; DLB, dementia with Lewy bodies;
Gender, percentage of participants, male; PET, positron emission tomography; PiBþ, percentage of participants with a positive [11C]PiB PET scan status; MMSE,
Mini-Mental State Examination GDS, Geriatric Depression Scale (short-form, cut-off 5/15), VR DR, Visual Reproduction Delayed Recall; LM DR, Logical Memory
Delayed Recall; WCST, Wisconsin Card Sorting Test; TMT B, Trail Making Test Part B; COWA, Controlled Word Association Test.
a Values represented as means and standard deviations (in parentheses). Effect sizes were measured using partial eta square values (Z2).
b Different from HC group only, P < .001.
c Different from both HC and MCI groups, P < .001.
d Different from AD group, P < .001.
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demographic, UDS neuropsychological, and [11C]PiB results.

The groups were similar in terms of age, education, and gender

distribution, therefore these variables were not used as covari-

ates in further analyses. Most participants were of European

ancestry (96%). A larger proportion of participants from the

dementia groups were prescribed cholinesterase inhibitors at

the time of testing than either the HC or MCI groups, and

dementia groups had significantly lower MMSE scores than

either HC or MCI groups, but no differences existed on the

MMSE between the dementia groups (or between HC and MCI

groups). The FTD and DLB groups had significantly higher

GDS depression scores than the other groups, though all means

remained within the normal range indicating that these differ-

ences were not clinically significant.

Traditional neuropsychological test data and PiB status

were included as a gauge of severity of clinical impairment

in our current sample and presence of putative AD pathology

in each clinically determined disease group, respectively. No

differences existed for the executive functioning (Trails B

and WCST), verbal fluency (COWAT), and working memory

(DS) measures between HC and MCI groups, or between the

particular dementia groups. Most dementia groups, however,

had significantly worse performance than both HC and MCI

groups. For the auditory and verbal memory measures (VR

and LM), both AD and MCI groups were significantly worse

than the HC group. In addition, a larger proportion of parti-

cipants from the AD group was PiBþ (91%) at the time of

testing than the MCI group (50%), and the AD group also

had a significantly higher proportion of PiBþ individuals

than the other dementia groups (44% and 22% for DLB and

FTD groups, respectively) as compared to AD groups.

CogState Analyses

In order to measure stability over time across clinical groups,

repeated measures ANOVAs were performed for the subtests

from the computerized battery. Table 2 displays CogState per-

formance values at trial 1 for each diagnostic group. Figure 1

presents a graphical representation of change in performance

over time in the current analyses, utilizing back-transformed

change scores from trial 2 - trial 1; negative values in Figure

1 reflect improved reaction time at trial 2, whereas positive

values reflect slower reaction time at trial 2. At baseline (trial 1;

Table 2), the CogState tasks consistently discriminated demen-

tia groups (AD, DLB, and FTD) from HC or MCI groups for

both reaction time and accuracy variables. Except for the OBK,

the CogState variables did not differentiate between HC and

MCI groups or within dementia groups.

For the repeated administration of the CogState battery, the

results are as follows for the reaction time variables: No signif-

icant interaction existed between group diagnosis and trial for

either the detection (simple reaction time; P ¼ .60) or the iden-

tification (choice reaction time; P¼.77) variables, nor did there

exist a main effect for trial (P ¼ .09 and P ¼ .41, respectively).

Alternatively, a main effect existed for group diagnosis for

both detection speed, F(4, 88) ¼ 9.10, P <.001, Z2 ¼ .29, and

identification speed, F(4, 86) ¼ 8.61, P <.001, Z2 ¼ .29; post

hoc tests revealed that there were significant differences

between the HC and all dementia groups (P <.05 for AD, FTD,

and DLB) for both tasks, but no significant differences between

HC and the MCI groups on either measure. For the working

memory (OBK) and IDM reaction time variables, interaction

effects were present (Wilk Lambda ¼ .79, F(4, 83) ¼ 5.38, P

< .01, Z2 ¼ .21, and Wilk Lambda ¼ .80, F(4, 81) ¼ 5.18, P

< .01, Z2 ¼ .20, respectively). As seen in Figure 1, post hoc

comparisons indicated that the DLB group improved on both

the OBK speed and IDM speed tasks (both P <.05, d ¼
1.06 and d ¼ 0.80, respectively), and to a lesser extent the

MCI group became faster on the OBK speed variable (P <

.05, d ¼ 0.56).

No interaction effects existed for the working memory

(OBK) or incidental learning (OCL) accuracy subtests,

P ¼.77 and P ¼.68, respectively. However, there were main

effects for both trial, Wilk Lambda ¼ .83, F(1, 83) ¼ 16.97,

P < .001, Z2 ¼ .17, and group diagnosis, F(4, 83) ¼ 26.41,

P < .001, Z2 ¼ .56, for the OBK subtest. As Figure 1 suggests,

Table 2. Baseline (Trial 1) Performance for Each CogState Task Across Diagnostic Groupsa

Measure HC MCI AD DLB FTD Effect Size

DETs 319.8 (1.3) 333.7 (1.2) 480.5 (1.5)b 724.1 (2.3)b 553.6 (1.3)b 0.26
IDNs 541.5 (1.2) 578.2 (1.2) 726.0 (1.4)b 902.4 (1.4)b 750.0 (1.2)b 0.24
OBKs 816.6 (1.2) 1018.0 (1.3) 1110.7 (1.4)c 1600.8 (1.5)d 1067.6 (1.3)c 0.25
IDMs 503.1 (1.3) 582.5 (1.3) 668.9 (1.4)c 885.9 (1.5)e 592.0 (1.5) 0.17
OBKa 91.1 (17.6) 73.5 (34.7)b 50.1 (23.4)b 28.2 (15.4)d 63.5 (36.8)b 0.51
OCLa 70.2 (12.6) 64.9 (12.2) 54.9 (14.4)b 46.3 (10.0)b 48.8 (19.4)b 0.32
ASSLa 70.9 (17.0) 67.4 (16.8) 50.8 (17.4)b 36.8 (18.1)b 56.0 (13.0)c 0.39

Abbreviations: HCs, healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s disease; FTD, frontotemporal dementia; DLB, dementia with Lewy bodies;
DETs, detection task speed; IDNs, identification task speed; OBKs, one-back task speed; IDMs, divided attention speed; OBKa, one-back task accuracy; OCLa, one
card learning accuracy; ASSLa, associate learning accuracy.
a Values represented as means and standard deviations (in parentheses). Back-transformed units for speed tasks are milliseconds, and accuracy tasks are percent-
age of correct responses. Effect sizes were measured using partial eta square values (Z2).
b Different from both HC and MCI groups, P < .05.
c Different from HC group only, P < .001.
d Different from all other groups, P < .001.
e Different from HC group only, P < .05.
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there was better performance at trial 2 across groups; also, post

hoc tests revealed that the HCs performed better than all

other groups (P < .05). No main effect for trial existed for the

OCL accuracy subtest, P ¼ .38. Similar to the other analyses,

however, a main effect for diagnostic group existed, F(4, 82)

¼ 17.47, P < .001, Z2¼ .46, with post hoc tests again revealing

that the HC group performed significantly better than all

dementia groups (P < .05) but not better than the MCI group.

Lastly, for the Associated Learning accuracy (ASSL) measure,

a significant group � trial interaction effect existed, Wilk

Lambda¼ .87, F(4, 80)¼ 3.09, P < .05, Z2¼ .13; as displayed

in Figure 1, the HC group became more accurate at trial 2 (P <

.01), with no significant changes over time in the other groups

(despite its appearance, P ¼ .25 for the DLB group).

In addition, the coefficients of stability (test-retest reliabil-

ities) between CogState trials 1 and 2 were established using

the HC, MCI, and AD groups. See Table 3 for results.

Discussion

The results of this study support prior research5,9 demonstrating

the reliability of a brief computerized battery upon repeated

administration, showing this for the first time in various

dementing conditions. In the current study, healthy controls

and participants with consensus-confirmed subclinical (MCI)

or neurological (AD, FTD, and DLB) diagnoses were adminis-

tered a standard neuropsychological battery in order to deter-

mine the severity of cognitive impairments and were

administered [11C]PiB PET scans to evaluate putative AD

pathology. Similar to the established literature,26 participants

in the dementia groups were impaired on traditional neuropsy-

chological measures relative to the HC and MCI groups, but

significant differences were relatively rare between dementia

groups. This partly reflects the study of a group of mildly

demented individuals. In addition, the AD group had a higher

prevalence of individuals with PiBþ status (91%) than the MCI

group. This high rate of PiB binding in our AD sample was

consistent with the established literature,27,28 as was our

moderate rate of PiB binding for DLB and MCI groups.28 Our

study’s 22% PiBþ status for the FTD group is higher than one

report in which no PiB binding was present in a clinically diag-

nosed FTD population.28 Other clinical samples have shown

PiBþ rates of 20% to 25%27,29 in clinically diagnosed FTD

populations. These higher rates suggest these patients may

have had mixed FTD/AD dementia or frontal variant AD.27

Taken together, the neuropsychological and imaging data

suggest that our current set of participants reflects a reasonably

representative sample for each clinical or subclinical diagnosis.

For the CogState analyses, similar to previous research,11

the baseline and repeated administration of the computerized

battery displayed utility in discriminating participants with

various forms of dementia (AD, DLB, and FTD) from those

without (HC and MCI). Although the particular computerized

CogState task measures chosen for this study could not differ-

entiate between the dementia groups in the current study, they

would likely have clinical utility in discriminating impaired

patients from within the general population.

The current study primarily evaluated the stability of a

brief computerized battery across diagnostic groups by

examining performance change among groups over time, as

well as by determining the test-retest reliability for the control,

MCI, and AD groups. Overall, the CogState battery appears to

Figure 1. Trial 2 - Trial 1 back-transformed change scores for
CogState reaction time (A) and accuracy (B) variables for each group.

Table 3. Test-Retest Reliability Values for Control, MCI, and AD
Groups

r (Test-Retest)a HC MCI AD

DETs .78b .33 .71b

IDNs .79b .64c .80b

OBKs .78b .73b .59b

IDMs .78b .66c .79b

OBKa .23 .75b .63b

OCLa .54b �.19 .59b

ASSLa .53c .28 .64b

Abbreviations: HCs, healthy controls; MCI, mild cognitive impairment; AD,
Alzheimer’s disease; DETs, detection task speed; IDNs, identification task
speed; OBKs, one-back task speed; IDMs, divided attention speed; OBKa,
one-back task accuracy; OCLa, one card learning accuracy; ASSLa, associate
learning accuracy.
a Coefficients of stability were not provided for FTD and DLB groups due to
their small sample size.
b Coefficient of stability, P < .01.
c Coefficient of stability, P < .05.
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be relatively stable across serial administrations when

examining normal and clinical groups over a short period of

time. As observed in Figure 1, of the 6 CogState tasks evalu-

ated in the current study, only the working memory (reaction

time and accuracy) and IDM (speed) tasks displayed practice

effects across groups. For those particular tasks, all groups

appeared to improve in accuracy during the working memory

task, whereas only a few groups appeared to show improved

reaction times for working memory (MCI and DLB groups)

or IDM (DLB group); of note, this modest reaction time

improvement for the DLB group can likely be explained by a

regression toward the mean, for DLB performance was weakest

relative to all other groups at trial 1 (see Table 2).

Also of note in our results is the general lack of practice

effects from our control group from trial 1 to trial 2, outside of

the ASSL task. These results conflict with multiple studies,5,7,9

which found practice effects between the first 2 trials of a

4-trial administration within relatively short periods of time for

control groups. Possible explanations for this difference are

related to alterations within task instructions, for Darby et al

provided only nonverbal interactive instruction,9 whereas the

current study utilized updated instructions that provided expli-

cit textual and verbal information with the intention of reduc-

ing practice effects. Additionally, the CogState tasks selected

for the study were redesigned by the manufacturer to minimize

practice effects after the first administration for optimal mea-

sures of change (personal communication).

A review of the test-retest reliability for the HCs suggests

that except for the working memory accuracy variable, the

computerized battery also displays reasonable coefficients of

stability (Table 3). This is consistent with a prior study in older

community volunteers30 where the only task showing any

statistically significant improvement over 5 administrations

performed over 12 months was the OBK speed measure. In

addition, there did not appear to be major differences in the

stability coefficients when comparing AD and control groups,

outside of mild differences on the working memory variable.

Interestingly, the stability coefficients for the MCI group were

smaller than the other groups for most tasks, which may reflect

the heterogeneous make-up of the MCI group, consistent with

the historically inconsistent performance of MCI groups in

published studies.31 Compared to the previously reported larger

Australian sample of controls (n¼ 103),5 the current results for

our control group showed higher test-retest reliabilities for all

reaction time variables and for incidental learning and ASSL

variables. Despite our small control group sample size, the

reaction time variables all displayed correlations greater than

.75, and the accuracy of OCL and ASSL coefficients were

greater than 0.50. Although r ¼ .50 is still below the generally

agreed upon level of acceptable test-retest reliability (r ¼
.70),32 all values above .50 were statistically significant (P <

.05 or greater) at that level. Only the working memory accuracy

variable had a coefficient below 0.50 (r ¼ .23) for the con-

trol group, which is consistent with it being the only vari-

able to display an overall time effect across diagnoses on

repeated measures ANOVA. Taken together, the results of

this study suggest that this computerized battery provides

several reasonable measures of cognition with only minimal

learning across groups when repeated after a very short

delay.

The current study is not without limitations. Of note were

the relatively small sample sizes in each of our diagnostic

groups. When compared to a prior test-retest reliability

study that included 103 controls,5 our control sample was

smaller (n ¼ 22). While it is known that limited sample size

may contribute to spurious findings, our American sample

displayed results consistent with the findings of the Austra-

lian sample. Also, although small sample sizes reduce the

statistical power (1-b) available to identify ‘‘true’’ differ-

ences in both correlational and group analyses,33 our sample

was large enough to result in statistical significance among

the correlational analyses for coefficients of stability at .50

or above. For the repeated measures analyses, reduced sam-

ple sizes likely resulted in decreased statistical power to dis-

criminate traditional neuropsychological and CogState

performance between dementia groups; given the challenge

of recruiting and maintaining DLB and FTD populations,

however, it was felt that their positive impact on clinical

relevance outweighed their negative impact on statistical

power and they were consequently included in the analyses.

In the future, larger samples of not only healthy American

controls, but FTD and DLB participants, should be evalu-

ated to confirm these results. In addition, the MMSE values

for the FTD and DLB are not statistically different to the

AD group, suggesting relatively advanced stages of demen-

tia for these 2 groups relative to the AD group.34,35 Future

research should include FTD and DLB populations at earlier

stages in the disease course to better evaluate CogState as a

screening tool.

Further, the current study only evaluated practice effects

across 2 time points, which likely limits conclusions drawn

about practice effects for the selected CogState tasks. Though

using different training (nonverbal interactional instruction

only) than the current study (explicit textual and verbal infor-

mation), Darby and colleagues9 continued to show practice

effects on CogState tasks for the control group across 4 time

points; and although Pietrzak displayed no practice effects

from time 1 to time 4, their participants underwent a ‘‘practice’’

trial before time 1 specifically to eliminate practice effects.8

Given this fact, along with the current study’s finding of mild

practice effects for the working memory and ASSL tasks at trial

2, replication and extension of the current study over 3 or 4 time

points would be important to further support the conclusion of

limited practice effects.

In conclusion, the current study supported the reliability

and utility of the CogState brief battery as a screening tool

when evaluating subclinical (HCs and MCI) and dementia

(AD, DLB, and FTD) groups. Repeated administration of

the CogState tasks provides similar measures of cognitive

ability even at short test-retest intervals and may be useful

for the assessment of therapeutic interventions in AD and

other dementias.
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