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Abstract: The present study tested 121 middle-aged and elderly community-dwelling
individuals on the computer-based Subtle Cognitive Impairment Test (SCIT) and compared
their performance with that on several neuropsychological tests. The SCIT had excellent internal
consistency, as demonstrated by a high split-half reliability measure (0.88—0.93). Performance
on the SCIT was unaffected by the confounding factors of sex, education level, and mood state.
Many participants demonstrated impaired performance on one or more of the neuropsychological
tests (Controlled Oral Word Association Task, Rey Auditory and Verbal Learning Task, Grooved
Pegboard [GP], Complex Figures). Performance on SCIT subtests correlated significantly with
performance on many of the neuropsychological subtests, and the best and worst performing
quartiles on the SCIT subtest discriminated between good and poor performers on other subtests,
collectively indicating concurrent validity of the SCIT. Principal components analysis indicated
that SCIT performance does not cluster with performance on most of the other cognitive tests,
and instead is associated with decision-making efficacy, and processing speed and efficiency.
Thus, the SCIT is responsive to the processes that underpin multiple cognitive domains, rather
than being specific for a single domain. Since the SCIT is quick and easy to administer, and
is well tolerated by the elderly, it may have utility as a screening tool for detecting cognitive
impairment in middle-aged and elderly populations.

Keywords: aging, mild cognitive impairment, neuropsychological test, Subtle Cognitive
Impairment Test, validation, reliability

Introduction

There is an increasing requirement to be able to assess cognitive function in the
elderly. Reasons range from detecting early stages of dementia to testing for the
adverse effects of medications and major surgery.'? A survey of geriatric specialists
found that cognitive assessments typically rely on screening tools that can be biased
by language, culture, and education.® A review of cognitive screening in primary care
and geriatric services in the UK and Canada concluded that better screening tools are
urgently needed.*

An ideal screening tool is brief in application, requires simple responses from the
patient, is psychometrically robust, and is sensitive to changes across a wide range
of cognitive domains.>® The search for better screening tools has favored the devel-
opment of computer-based tests,® as they can provide uniformity of administration,
accurate recording of responses, and objective scoring.” Several computerized test
batteries (eg, MicroCog, CogState, CANTAB) are now widely used to detect cognitive
impairment.'®!!
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Wild et al drew attention to the need to establish the
validity and reliability of computer-based tests of cogni-
tion that are intended for use in elderly populations.® They
reported that while many computer-based tests had demon-
strated test validity, other measures of quality were not well
represented. For example, normative data were inadequate
for just over half of the test batteries reviewed (due to small
sample sizes or lack of data specific to older adults in a larger
sample), and reliability was usually only demonstrated in one
form. CANTAB,!? CogState,'* and MicroCog'* were among
the small number of computer-based tests that were rated
highly by Wild et al.

The Subtle Cognitive Impairment Test (SCIT; NeuroTest.
com)’ is a brief, computerized, visual discrimination
task.!® It was originally developed as a means of detecting
cognitive impairments that are too slight to qualify as mild
cognitive impairment (MCI), and which may be present up
to 15 years before the deficits associated with MCI can be
detected. Subtle cognitive impairment has been referred to
as “subjective-cognitive impairment”.!” These subtle cogni-
tive impairments are objectively identifiable impairments
in cognitive performance in individuals whose score on the
Mini-Mental State Examination (MMSE) falls within the
range that is generally taken to represent “normal” cognitive
function in older persons (scores of 29-25)."* The SCIT can
be administered by untrained personnel, successful comple-
tion requires no previous knowledge of computers, and
testing can be completed within 3—4 minutes. When a visual
stimulus is presented on the computer screen, the participant
decides which line is shorter and presses the corresponding
left or right button.

The SCIT has been employed with a range of popula-
tions, including the elderly, children with developmental
disorders, human immunodeficiency virus-1 immunopositive
individuals, cardiac surgery patients, and individuals who
have been sleep-deprived or are intoxicated.'®!#2! While the
primary advantage of the SCIT is its rapid administration
time (3 minutes compared with 15-120 minutes for other
computerized measures of global cognitive function), other
advantages include a lack of cultural or sex bias and lack of
a learning effect that enables the SCIT to be used repeatedly
without any loss of reliability.

High test-retest reliability has already been established
for both the SCIT response time (0.98) and error rate (0.91)
measures,'® and performance on SCIT has shown medium
correlations against performance on subtests of the CANTAB
(eg, simple reaction time, r[57]=0.46, P<<0.01; choice reac-
tion time, r[57]=0.54, P<<0.01).' However, performance
on the SCIT has not been systematically compared against

other neuropsychological tests that are used in research and
clinical practice. The present study examines a sample of
community-dwelling individuals ranging from middle-aged
to old-aged and, for the purposes of assessing validity,
compares their performance on the SCIT with that on
several neuropsychological tests. Although the participants
were community-dwelling, a considerable degree of indi-
vidual variability was observed in their performance on the
neuropsychological tests, and this heterogeneity provided
a sufficient range of cognitive function to compare per-
formance on those tests with that on the SCIT. The SCIT
has been shown to be particularly suited to the detection of
slight decrements in cognitive performance within cogni-
tively “normal” elderly, and is sensitive to impairments in
several cognitive domains, including attention, visuospatial
processing, and language.'®

This study provides an assessment of split-half reliabili-
ties for the SCIT, and assesses two measures of concurrent
validity, as well as construct validity using confirmatory
factor analysis. The results indicate that the SCIT meets all
of the requirements described by Wild et al for a computer-
based test of cognition that is suitable for use in elderly
populations.’

Materials and methods

Participants

The 121 participants in this study (76 males, 43 females)
were aged 40—85 (mean + standard deviation [SD] 6419.1)
years, had received an average of 11£2.9 (range 5-20) years
of formal education, and were fluent speakers and readers of
English (Figure 1). All participants lived independently in the
community and were recruited and assessed in Melbourne,
Australia. Individuals were excluded from participating if
they had a history of a neuropsychological, psychiatric, or
neurological disorder, a head injury, or cardiac surgery. Par-
ticipation was voluntary and all participants gave informed
consent in accordance with National Health and Medical
Research Council ethical guidelines.

Assessment tasks

The neuropsychological tests included in the test battery
were chosen by an independent clinical neuropsychologist
(Dr Greg Savage), on the basis of their brief duration and
widespread use in the assessment of cognitive performance
in relatively high-functioning individuals.

SCIT
Participants are asked to correctly identify which of two
lines presented on a computer screen is shortest (Figure 2).
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Figure | Distribution of age (A) and education levels (B).

The stimulus is repeatedly presented in a pseudo-random
order for exposure durations in the range of 16—176 msec,
in 16 msec increments. The entire testing session lasts
3—4 minutes. Two sets of data are obtained, ie, the number
of errors made at each stimulus exposure time (% error),
and the time taken to respond at each stimulus exposure
time (response time).

The first four exposure durations (16—64 msec) are
referred to as the “head” of the data curve. Data from these
four exposure durations (16—64 msec) are combined to
provide two representative subtest scores, ie, the error rate
in the head of the data curve (SCIT-E, ) and response times
in the head of the data curve (SCIT-RT,)."®" The remain-
ing seven exposure durations (80—176 msec) represent the
“tail” of the data curve and are pooled to provide two further
representative subtest scores, ie, error rates in the tail of the
data curve (SCIT-E,) and response times in the tail of the
data curve (SCIT-RT,).

Wechsler Test of Adult Reading
The Wechsler Test of Adult Reading (WTAR) is a 50-word
list designed to estimate premorbid intellectual function.

357
301
251
201

Number of participants
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Years of education

Participants are asked to read 50 words aloud and are assessed
on their correct pronunciation. The task is scored by summation
of all correct responses, where correct responses are scored
as | and incorrect responses are scored as 0 (reliability, split-
half =0.93; test-retest =0.94).2

Depression, Anxiety and Stress Scale

The Depression, Anxiety and Stress Scale (DASS) is a
21-item questionnaire that assesses the negative emotional
states of depression, anxiety, and stress. This test was used
because each of these emotional states may affect cognitive
performance. Participants are given a questionnaire with
21 statements relating to their emotional state during the
previous week. The statements equally represent depression
(DASS-D), anxiety (DASS-A), and stress (DASS-S). The
participant indicates how often in the past week each state-
ment applied to them. A “0” indicates the statement does not
apply to them, “1” is for some of the previous week, “2” is
a good part of the previous week, and “3” is for most of the
previous week. Each emotional state can score a maximum
of 21 points (reliability [Cronbach’s alpha], depression =0.91,
anxiety =0.84, stress =0.90).%

Focal point Blank screen U-stimulus Mask
F .w_w
® 0 4
> O
+ '. .. .l
® 0 4
> © O
& A 4
500 msec 500 msec 16-176 msec 500 msec

Figure 2 An example of the sequence of presentation of the Subtle Cognitive Impairment Test stimuli (focal point, blank screen, one version of the test stimuli, and backward
mask) and durations of presentation of each. In this example, the short arm of the test stimulus is on the left.
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Controlled Oral Word Association Task

The Controlled Oral Word Association Task (COWAT) is
a measure of phonemic verbal fluency.?*? Participants are
presented with a letter of the alphabet and have 1 minute to
produce as many words as they can that begin with the letter.
This process is performed with three different letters, with a
score being derived from the total number of correct words
produced (reliability, internal consistency =0.83; test-retest
=0.74).%

Grooved Pegboard

The Grooved Pegboard (GP) measures motor coordination
and dexterity.?’ Participants are required to use their domi-
nant hand (GP-D) to correctly insert pegs into a pegboard
in a certain sequence or pattern. The time taken is recorded,
and then the process is repeated with their nondominant
hand (GP-ND). The total score for this task is calculated as
the number of seconds taken to complete the task plus the
number of pegs dropped plus the number of pegs correctly
placed (reliability, test-retest =0.82).%8

Medical College of Georgia Complex Figures

The Medical College of Georgia Complex Figures (MCGCF)
assesses visuospatial memory and perceptual organization. !
Participants are required to copy a picture and to remember
as much of it as they can (MCG-C; Copy Trial). The picture
is removed and they are then asked to draw as much of the
picture as they can freely recall (MCG-I; Immediate Recall
Trial). Participants are presented with other tasks and mea-
sures, then after a 30-minute delay they are asked to recall
and redraw the picture (MCG-D, Delayed Recall Trial).
The picture consists of 18 elements, each of which can be
scored from 0 (not recalled) to 2 (correctly placed and cor-
rectly drawn) for a maximum score of 36 points per trial.
(Reliability, test-retest; copy =0.32; immediate recall =0.71;
delayed recall =0.73).32

Rey Auditory and Verbal Learning Task

The Rey Auditory and Verbal Learning Task (RAVLT)3?3
assesses overall memory performance, immediate memory
span, acquisition rate, interference effects, and recognition
memory.?>3! Participants are read a list of 15 words (List A)
and are asked to freely recall as many as they remember. This
process is performed five times and provides the first set of
results that are identified as Learning Trials -V (RAVLT-L).
Participants are then presented with a second list of 15 words
(List B) and subsequently asked to freely recall List A words,
this score is presented as Immediate Recall Trial (RAVLT-I).

After a20-minute delay, participants are asked to freely recall
List A words, these results constitute the Delayed Recall Trial
(RAVLT-D). Finally, participants are read a list of 50 words,
containing words from List A, List B, and distracter words
that are phonetically and/or semantically related to words in
either List A or B. Participants are required to identify List
A words only, this being the Recognition Trial (RAVLT-R).
(reliability, test-retest; learning trials =0.72—0.78; immediate
recall =0.67-0.81; delayed recall =0.71-0.81; recognition
trial =0.38-0.66).%

Procedures

The total assessment took approximately 45 minutes to
perform and was conducted by the same researcher in a
quiet room or office. All participants performed the tests in
the following order: WTAR, MCG-C, MCG-I, RAVLT-L,
RAVLT-1, SCIT, COWAT, DASS, RAVLT-D, RAVLT-R,
MCG-D, GP-D, and GP-ND. The order was due to the tim-
ing constraints imposed by the delayed recall trials of the
MCG and RAVLT.

Statistical analysis

All analyses used Statistical Package for the Social Sciences
version 21 software (IBM Corporation, Armonk, NY,
USA). Initial descriptive statistics identified the range of
data obtained for each measure (Table 1). To determine the
internal consistency of the SCIT, a split-half reliability coeffi-
cient was calculated and adjusted using the Spearman-Brown
formula. Concurrent validity was examined by correlating
participants’ performance on each of the four SCIT subtests
with their performance on each of the neuropsychological
subtests. In addition, a series of #-tests was used to determine
whether the best and worst performers on the SCIT subtests
(first quartile and fourth quartile data, respectively) cor-
responded with good and poor (respectively) performances
on the other neuropsychological subtests. Where multiple
comparisons were undertaken, type I error was controlled for
with the false discovery rate test.*7 A principal components
analysis examined which neuropsychological subtests the
SCIT subtests cluster with (convergent validity) and which
neuropsychological subtests the SCIT does not cluster with
(divergent validity).

Results

Sample descriptive statistics

Summary data for each of the assessment measures used in
the study are shown in Table 1. They include the number of
participants that completed each measure, the mean score
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Table | Sample size, mean, SD, and range of participant scores for the measures assessed in the present study

Measure n Mean SD Range Highest score possible Ratio SD/mean Skew
SCIT-RT,, (msec) 121 631 187 352-1,452 2,000 0.29 1.36
SCIT-RT, (msec) 121 493 107 337-1,043 2,000 0.21 1.81
SCIT-E,, (%) 121 385 20.9 2.5-92.2 100 0.54 0.58
SCIT-E; (%) 121 7.4 8.9 0.0-45.7 100 1.20 2.04
WTAR 121 37.0 8.4 16-50 50 0.22 -0.42
DASS-S 121 5.4 4.4 0-19 21 0.8l 0.92
DASS-A 121 39 4.0 0-18 21 1.02 1.67
DASS-D 121 39 4.0 0-17 21 1.02 1.34
COWAT 120 347 12.4 11-70 N/A 0.35 0.38
GP-D (sec) 110 115.6 24.2 80-214 N/A 0.20 1.72
GP-ND (sec) 106 120.2 23.1 87-212 N/A 0.19 1.88
MCG-C 121 348 1.8 27-36 36 0.05 -2.07
MCG-I 121 23.2 8.0 4-36 36 0.34 -0.27
MCG-D 121 23.1 7.4 6-36 36 0.32 —-0.16
RAVLT-L 117 43.1 9.0 22-63 75 0.20 —-0.12
RAVLT-I 117 8.2 2.9 2-15 15 0.35 0.15
RAVLT-D 117 8.0 3.1 1-15 15 0.38 0.03
RAVLT-R 114 13.3 1.7 8-15 15 0.12 —-1.20

Abbreviations: COWAT, Controlled Oral Word Association Task; DASS, Depression, Anxiety and Stress Scale; DASS-A, DASS-Anxiety; DASS-D, DASS-Depression;
DASS-S, DASS-Stress; GP-D, Grooved Pegboard using dominant hand; GP-ND, Grooved Pegboard using nondominant hand; MCG, Medical College of Georgia; MCG-I, MCG
Immediate Recall Trial; MCG-D, MCG Delayed Recall Trial; MCG-C, MCG Copy Trial; RAVLT, Rey Auditory and Verbal Learning Task; RAVLT-D, RAVLT Delayed Recall
Trial; RAVLT-I, RAVLT Immediate Recall Trial; RAVLT-R, RAVLT Recognition Trial; RAVLT-L, RAVLT Learning Trials I-V; SCIT, Subtle Cognitive Impairment Test; SCIT-EH,
error rates in the head of the data curve; SCIT-E,, error rates in the tail of the data curve; SCIT-RT, response times in the tail of the data curve; SCIT-RT,, response times

in the head of the data curve; SD, standard deviation; WTAR, Wechsler Test of Adult Reading; N/A, no limit on highest possible score.

for each measure, and a variety of estimates describing the
distribution of the data. The latter include the SD, range (ie,
minimum and maximum scores), the highest score possible
for each measure, the ratio of the SD to the mean (which
allows comparison of relative variability across measures),
and the skewness of the distribution.

Each of the 121 participants completed most or all of the
measures (Table 1). One participant did not complete the
COWAT, being uncomfortable with the task and request-
ing not to continue. Four participants did not complete
the RAVLT, and a further three participants chose not to
complete the recognition trial of the RAVLT; eleven and
13 participants were unable to complete the GP-D and
GP-ND tests, respectively. Reasons for this lack of participa-
tion included: the task being unavailable when the assessment
took place (n=4), the test being too difficult for the participant
to complete (n=2), and participants having an impediment
(an injury to hand or part of hand/fingers missing; n=3), or
osteoarthritis (n=5).

For the majority of the measures, there was sufficient
range and variance in the scores (both in terms of the SD
and the ratio of the SD to the mean), and the skew of their
distribution was within the acceptable range (-1 to +2;
Table 1). Subtests that initially appeared not to meet one or
more of these criteria were the MCG-C, RAVLT-R, SCIT-E,,
and the three DASS measures. The MCG-C scores had a

restricted range and the distribution of scores had a negative
skew in excess of —1. Since the copy trial of the MCGCF
requires participants to copy a simple figure that remains
directly in front of them, the majority of participants from
this population were expected to complete this subtest with
few errors. Thus a restricted range on the MCG-C is what
is expected, and the negative skew is the consequence of a
few participants having a deficit on this very simple task.
The restricted variance and negative skew on the recogni-
tion trial of the RAVLT was also expected. Recognition
memory generally exceeds recall memory, and consequently,
participants should perform more accurately on the recogni-
tion trial and the recall trials. Given that there is a ceiling on
how many responses are available, the range of scores on the
recognition trials is more constrained than that on the recall
trials, and the spread of scores is constrained by this ceiling,
generating a negative skew.

Both the DASS subtest and SCIT-E,, subtest had a wide
range of scores but the distribution of the scores was positively
skewed. This pattern was expected for the DASS subtest as
the majority of participants were emotionally stable, but a few
individuals were moderately stressed, depressed, or anxious.
For the SCIT-E, subtest, it was expected that the majority
of participants would make no errors. Hence data for the
SCIT-E; are not expected to be normally distributed and the
spread generated by the small number of participants with
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greater errors produces the higher skew value. In view of the
foregoing considerations, it was concluded that the restricted
range and/or skew of the MCG-C, RAVLT-R, DASS, and
SCIT-E, data is a natural product of those measures, so
transformation of the data was not required.

Split-half reliability

The internal consistency of SCIT was determined by split-
half reliability. For each participant, the response time and
error data for the first half of the test items (n=55) were
correlated against that for the remaining (n=55) items.
Importantly, while each participant received the items in a
different random order, each half of the test contained an
equal number of items at each of the exposure durations
and an equal number of left and right stimuli. A comparison
across all of the participants revealed that the SCIT has
very high split-half reliabilities of #(53)=0.87 (P<<0.01)
for response time and 7(53)=0.79 (P<<0.01) for error rate.
Application of the Spearman-Brown adjustment results in
internal consistency reliabilities of 0.93 for response time
and 0.88 for error rate.

Validity
In order to assess concurrent validity, performance on the
four SCIT subtests was correlated with that on the eleven

other neuropsychological subtests. After the effect of age
had been removed and type I error corrected, performance
on each of the SCIT subtests was found to correlate signifi-
cantly with performance on many subtests from each of the
neuropsychological measures included in the study (Table 2).
They were all small-to-medium level correlations, indicat-
ing that there is an association between performance on the
neuropsychological subtests and the SCIT subtests.
Performance on both of the SCIT error subtests correlated
with more neuropsychological subtests than did the SCIT
response time subtests. Further, performance in the tail of
the SCIT curve (SCIT-RT, and SCIT-E,) correlated with
more subtests than performance in the head (SCIT-RT, and
SCIT-E,)). Performance on all four SCIT subtests correlated
positively with age and performance on the GP-D, and corre-
lated negatively with performance on the immediate (MCG-I)
and delayed (MCG-D) recall subtests of the MCGCEF test.
SCIT-RT,, was also negatively correlated with the COWAT.
SCIT-RT, also correlated positively with performance on the
GP-D and negatively with the WTAR, and the delayed recall
subtest of the RAVLT. SCIT-E,, performance, in addition
to correlating with age, the MCG-I, and the MCG-D, also
correlated negatively with performance on the COWAT,
RAVLT-L, RAVLT-I, and RAVLT-D, and positively with
GP-ND performance and the depression subscale of the

Table 2 Correlations of the four SCIT subtests with other neuropsychological measures

df SCIT-RT, SCIT-RT, SCIT-E, SCIT-E,

Age 119 0.278* 0.208* 0.466* 0.335%
Sex 119 0.056 0.099 0.106 -0.019
ED 19 —0.155 -0.092 -0.095 —-0.094
WTAR 19 -0.190 -0.217% —0.191 —0.225%
DASS-S 119 —-0.027 —-0.063 0.060 -0.014
DASS-A 119 0.023 0.004 0.022 0.004
DASS-D 119 0.095 0.067 0.223* 0.043
COWAT 19 -0.205* —0.185 -0.308* —-0.265%
GP-D 114 0.233* 0.347% 0.369* 0.403*
GP-ND 104 0.125 0.134 0.373* 0.360%*
MCG-C 19 —-0.124 —0.144 -0.187 -0.154
MCG-I 19 —0.283* —0.310% —0.333* —0.346*
MCG-D 19 —0.277* —0.296* —-0.366* —0.345*
RAVLT-L 15 —0.115 —0.206 -0.262* —-0.260%
RAVLT-I 5 —-0.111 —0.201 —0.221* —0.237%
RAVLT-D 5 —-0.124 —0.222% —0.210* —0.222%
RAVLT-R 112 —0.183 —0.144 -0.081 -0.014

Note: *Significant correlation (P<<0.05) after correction for type | error.

Abbreviations: COWAT, Controlled Oral Word Association Task; DASS, Depression, Anxiety and Stress Scale; DASS-A, DASS-Anxiety; DASS-D, DASS-Depression;
DASS-S, DASS-Stress; ED, years of education; GP-D, Grooved Pegboard using dominant hand; GP-ND, Grooved Pegboard using nondominant hand; MCG, Medical College
of Georgia; MCG-I, MCG Immediate Recall Trial; MCG-D, MCG Delayed Recall Trial; MCG-C, MCG Copy Trial; RAVLT, Rey Auditory and Verbal Learning Task; RAVLT-D,
RAVLT Delayed Recall Trial; RAVLT-l, RAVLT Immediate Recall Trial; RAVLT-R, RAVLT Recognition Trial; RAVLT-L, RAVLT Learning Trials 1-V; SCIT, Subtle Cognitive
Impairment Test; SCIT-EH, error rates in the head of the data curve; SCIT-ET. error rates in the tail of the data curve; SCIT-RTT, response times in the tail of the data curve;
SCIT-RT,, response times in the head of the data curve; WTAR, Wechsler Test of Adult Reading.

submit your manuscript

2170

Dove

Clinical Interventions in Aging 2014:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Validity of a screening tool for subtle cognitive impairment

DASS-D. SCIT-E, mirrored the correlations seen for the
SCIT-E, subtest except for the absence of a positive correla-
tion with the DASS-D subtest and the addition of a negative
significant correlation with the WTAR (Table 2).

The t-test comparisons revealed that individuals whose
performances on the SCIT subtests were in the top (ie, first)
quartile relative to those whose performances were in the
bottom (ie, fourth) quartile were also significantly better or

worse on a number of the neuropsychological subtests. The
neuropsychological tests for which good or poor performance
was significantly distinguished by the highest and lowest
performance on the SCIT subtests (after correcting for type |
error) were the COWAT, DASS-D, GP-D, GP-ND, MCG-C,
MCG-I, MCG-D, RAVLT-L, RAVLT-I, and RAVLT-D.
All the significant relationships between the SCIT subtests
and the other neuropsychological tests are shown in Figure 3.
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Figure 3 Best and worst quartiles on each of the SCIT subtests compared with cognitive performance on all other subtests. Significant differences are shown with an
asterisk.

Abbreviations: COWAT, Controlled Oral Word Association Task; DASS, Depression, Anxiety and Stress Scale; DASS-A, DASS-Anxiety; DASS-D, DASS-Depression;
DASS-S, DASS-Stress; GP-D, Grooved Pegboard using dominant hand; GP-ND, Grooved Pegboard using nondominant hand; MCG, Medical College of Georgia; MCG-I, MCG
Immediate Recall Trial; MCG-D, MCG Delayed Recall Trial; MCG-C, MCG Copy Trial; RAVLT, Rey Auditory and Verbal Learning Task; RAVLT-D, RAVLT Delayed Recall
Trial; RAVLT-l, RAVLT Immediate Recall Trial; RAVLT-R, RAVLT Recognition Trial; RAVLT-L, RAVLT Learning Trials I-V; SCIT, Subtle Cognitive Impairment Test; SCIT-E_,
error rates in the head of the data curve; SCIT-ET, error rates in the tail of the data curve; SCIT-RTT, response times in the tail of the data curve; SCIT-RTH, response times
in the head of the data curve; WTAR, Wechsler Test of Adult Reading.
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Participants in the first and fourth quartiles on the SCIT-E,
subtest distinguished between good and poor performers on
nine other measures. Equivalently categorized groups on
the SCIT-E, subtest distinguished between good and poor
performers on eight other subtests, with the SCIT-RT  and
SCIT-RT,, subtests differentiating performance on seven and
three subtests, respectively.

The significant correlations from Table 2 and the sig-
nificant associations between best and worst quartile subtest
performance (Figure 3) together provided the basis fora Venn
diagram (Figure 4). This diagram summarizes the significant
associations between the four SCIT subtests and the other
neuropsychological subtests used in the test battery.

A principal components factor analysis was conducted on
the full set of 18 tests/subtests with orthogonal rotation (vari-
max). The Kaiser-Meyer-Olkin measure (=0.65) verified that
the sample size was adequate for factor analysis. Bartlett’s
test of sphericity (y?[153]=1,161.78, P<<0.001) indicates
that the correlations between test performances were suf-
ficiently large for principal components factoring. Six
factors with eigenvalues over 1.00 were identified that

SCIT-RT,

Age
GP-D
MCG-I
MCG-D

cumulatively explained 77.23% of the variance. That is, the
analysis revealed six distinct constructs (factors) among the
18 tests/subtests which, for the most part, delineated individ-
ual neurological tests from each other (Table 3). All the verbal
learning and memory subtests (ie, RAVLT) loaded most
strongly on construct 1, while all the mood state measures (ie,
DASS) loaded strongly on construct 2. The measures loading
strongly on construct 3 were concerned with decision-making
efficacy (ie, GP-D, GP-ND, SCIT-E,) and had a small factor
loading from the SCIT-E_, subtest. Construct 4 was comprised
of measures that assess processing speed and efficiency (ie,
SCIT-RT, SCIT-RT,, and SCIT-E ). Construct 5 consisted
of the MCG subtests, which assess visuospatial learning and
memory, while construct 6 contained measures of vocabulary,
ie, the WTAR and COWAT.

Discussion

The present study validated the SCIT against a battery of
neuropsychological tests in a group of middle-aged and
elderly participants to assess its usefulness as a tool for
detecting decrements in cognitive performance. A lack of

SCIT-RT,

Sex

Education (years)
DASS-A

DASS-S
RAVLT-R

RAVLT-L

COWAT

RAVLT-|

RAVLT-D

SCIT-E,,

Figure 4 Venn diagram summarizing the outcomes from the predictive validity measures (the significant t-test outcomes comparing high and low performers on SCIT and
each of the other tests) and the concurrent validity measures (the significant correlations between the four subtests of the SCIT and other measures). The variables located
outside of the circles did not have any significant associations with performance on any of the SCIT subtests.

Abbreviations: COWAT, Controlled Oral Word Association Task; DASS, Depression, Anxiety and Stress Scale; DASS-A, DASS-Anxiety; DASS-D, DASS-Depression;
DASS-S, DASS-Stress; GP-D, Grooved Pegboard using dominant hand; GP-ND, Grooved Pegboard using nondominant hand; MCG, Medical College of Georgia; MCG-I, MCG
Immediate Recall Trial; MCG-D, MCG Delayed Recall Trial; MCG-C, MCG Copy Trial; RAVLT, Rey Auditory and Verbal Learning Task; RAVLT-D, RAVLT Delayed Recall
Trial; RAVLT-l, RAVLT Immediate Recall Trial; RAVLT-R, RAVLT Recognition Trial; RAVLT-L, RAVLT Learning Trials I-V; SCIT, Subtle Cognitive Impairment Test; SCIT-EH,
error rates in the head of the data curve; SCIT-E_, error rates in the tail of the data curve; SCIT-RT,, response times in the tail of the data curve; SCIT-RT,, response times

in the head of the data curve; WTAR, Wechsler Test of Adult Reading.
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Table 3 Principal components analysis indicates that the cognitive tests used in this study segregate into six major cognitive domains

Construct

| 2 3

4 5 6

Verbal learning Mood state

and memory efficacy

Decision-making

Processing speed
and efficiency

Visuospatial learning
and memory

Vocabulary

RAVLT-D
RAVLT-I
RAVLT-L
RAVLT-R
DASS-S
DASS-A
DASS-D
GP-D
GP-ND
SCIT-E,
SCITRT,,
SCIT-RT,
SCIT-E,,
MCG-I
MCG-D
MCG-C
WTAR
COWAT

0.898
0.881
0.842
0.702
0.905
0.891
0.858
0.901
0.884
0.597

0.434

0.895
0.866
0.602
0.883
0.844
0.604
0.854
0.714

Abbreviations: COWAT, Controlled Oral Word Association Task; DASS, Depression, Anxiety and Stress Scale; DASS-A, DASS-Anxiety; DASS-D, DASS-Depression;
DASS-S, DASS-Stress; GP-D, Grooved Pegboard using dominant hand; GP-ND, Grooved Pegboard using nondominant hand; MCG, Medical College of Georgia; MCG-I, MCG
Immediate Recall Trial; MCG-D, MCG Delayed Recall Trial; MCG-C, MCG Copy Trial; RAVLT, Rey Auditory and Verbal Learning Task; RAVLT-D, RAVLT Delayed Recall
Trial; RAVLT-I, RAVLT Immediate Recall Trial; RAVLT-R, RAVLT Recognition Trial; RAVLT-L, RAVLT Learning Trials I-V; SCIT, Subtle Cognitive Impairment Test; SCIT-EH,
error rates in the head of the data curve; SCIT-E,, error rates in the tail of the data curve; SCIT-RT, response times in the tail of the data curve; SCIT-RT,, response times

in the head of the data curve; WTAR, Wechsler Test of Adult Reading.

knowledge of computers can lead to stress and noncompliance
when elderly persons are asked to use computer-based tests.?®
In the present study, however, every participant completed
the SCIT, whereas some participants refused to complete
each of the other (non-computer-based) tests. The SCIT was
found to have a high split-half reliability and was unaffected
by a range of confounding factors, including sex, level of
education, and negative emotional state. The SCIT was found
to have almost no correlation with the DASS, showing that
there is little confounding effect of mild depression, anxiety,
or stress. Performance on the SCIT was influenced by age, as
were all of the other tests in the study. When the effects of
age had been removed, the SCIT exhibited small-to-medium
level correlations with most of the other tests. Interestingly,
the four SCIT subtests each had a characteristic pattern of
correlations with other tests in the battery. The implications
of these findings are discussed below.

Heterogeneity of the data

This study examined the cognitive performance of people
who led independent lives and had not been diagnosed with
a neuropsychological, psychiatric, or neurological disorder.
However, few participants obtained perfect scores on any
of the cognitive tests, and there was considerable variability

in the scores, with a proportion of participants display-
ing moderate impairment on each of the tests (Table 1).
Such heterogeneity in cognitive performance is typical of
elderly populations, and is attributable to benign age-related
impairment,*® and to the presence of mild levels of cognitive
impairment that may presage Alzheimer’s disease.!” The wide
range of scores obtained on the cognitive tests and on the
SCIT enabled performance on these tests to be compared,
and for meaningful correlations to be derived.

Reliability

It has already been established that the SCIT has a high
test-retest reliability for both the response time subtest
(0.98) and the error rate subtest (0.91).!%18 To comply with
the recommendation that highly rated computer-based tests
should provide more than one measure of reliability,’ the
internal consistency of the SCIT was determined by the
calculation of split-half reliability for both the response time
and error rate subtests. A split-half reliability coefficient
of greater than 0.70 indicates high internal consistency.*
The SCIT was found to have a split-half coefficient of 0.93
for response time and 0.88 for error rate. That is, the SCIT
has high internal consistency in addition to high test-retest
reliability.
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Potential confounding factors

Before examining the relationship between performance on the
SCIT and the other measures of cognitive performance, it was
important to ensure that such relationships were not unduly
influenced by confounding factors. Six potential confounding
factors were examined: level of education, sex, age, and the
negative emotional states of stress, anxiety, and depression.
While some of the neuropsychological subtests used in the
battery were affected by these factors, only age affected per-
formance on the SCIT. Age also affected performance on all
of the other neuropsychological tests used in this study.

It is not surprising that performance on each of the SCIT
subtests correlated with age, given that increasing age is a
nonmodifiable risk factor for cognitive and motor decline.*®
Numerous studies have reported that increasing age correlates
with impaired performance across a range of cognitive and
motor domains.***42 Performance on three other computer-
ized tests is also affected by age (MicroCog,* CogState,'”
CANTAB*).

Validity
Performance on the SCIT correlated with all but two of the
neuropsychological subtests, ie, the recognition trial of the
RAVLT and the copy trial of the MCG. All four subtests
of the SCIT correlated with performance on the immedi-
ate and delayed recall trials of the MCGCEF task and the
GP-D, whereas the pattern of correlations with the other
neuropsychological subtests differed between the SCIT
subtests. These differences reflect the fact that the SCIT
has both accuracy (% error rate) and speed (response time)
components. These are further separated into an unconscious
attention component (head part of SCIT curve) at stimulus
presentation times of 16—64 msec and a conscious attention
component (tail part of SCIT curve) with stimulus presen-
tation times of 80—176 msec. This separation is based on
findings from masked priming studies showing that stimuli
presented at durations of 64 msec or less are processed
without conscious awareness, but are still able to influence
subsequent decision-making via automatic processes.**’
Since most of the neuropsychological tests used in the present
study had a stronger requirement for accuracy than for speed,
it was expected that more correlations would be obtained for
the SCIT error rate subtests.

All of the significant correlations were of small or
medium levels (between 0.205 and 0.466), indicating that
performance on the SCIT subtests was not strongly related to,
or solely driven by, the cognitive domains assessed by each
neuropsychological subtest. That performance on the SCIT is

correlated with performance on the subtests of the MCGCF
and the GP is readily explained by the shared visuospatial
nature of these tasks. However, the significant correlations
between the SCIT subtest scores and measures of verbal flu-
ency (ie, COWAT), knowledge of vocabulary (ie, WTAR),
and verbal working and episodic memory (ie, RAVLT) do
not have a straightforward explanation, since the SCIT is
largely nonverbal. We speculate, for example, that the cor-
relations between the RAVLT learning and recall trials and
performance on the tail subtests of the SCIT (SCIT-RT  and
SCIT-E,) may reflect the underlying role of attention. The
exposure durations in the tail region of the SCIT curve are
long enough for participants to be consciously aware of the
stimulus, so it is likely that attention plays a role in the SCIT
decision-making process at those exposure durations, as it
does in the learning and recall trials of the RAVLT.*4

The outcomes of the comparative performances on each
of the neuropsychological subtests with good and poor
performers on the SCIT subtests demonstrated the capacity
of the SCIT subtests to distinguish between good and poor
performance across the other cognitive domains tested in
the study. The SCIT error rate subtests were more sensitive
to performance outcomes on other cognitive tests than the
response time subtests, possibly because these tests were
not timed and did not have a high response time component
(except for the GP).

A principal components analysis revealed that the SCIT
primarily loads on one construct (convergent validity), pro-
cessing speed, and efficiency, with the error components
loading in full or in part on the construct of decision effi-
cacy. Most of the other tests did not load strongly on these
constructs (divergent validity). Impaired performance on
the SCIT may reflect compromised signal processing speed
(response time subtests) and reduced efficacy of signal
processing and decision-making (error rate subtests). These
speculations await confirmation by electroencephalography
and functional imaging studies.

The SCIT does not have high concurrent validity against
the other cognitive measures because the constructs that it
measures (efficacy, speed, and efficiency of processing)
are not the primary domains measured by the other tests.
Despite this, performance on the SCIT correlates mildly
to moderately with performance on most of the other tests,
and the SCIT is able to discriminate between good and
poor performers on those tests. These properties indicate
that the SCIT measures constructs that are common to
performance in a wide range of cognitive domains. This
generality makes the SCIT useful for the early detection of
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global cognitive impairment, rather than impairments across
specific cognitive domains, such as is done by CogState™
and MicroCog.”!

Computer-based cognitive tests can be compared on the
availability of normative data, test validity and reliability,
comprehensiveness, and usability.” The SCIT rates highly
on these criteria, and consequently it may have utility
as a screening tool for detection of a generalized subtle
cognitive impairment; people who are identified with such
a deficit can be referred for a detailed neuropsychological
examination. The SCIT may have utility in cognitive
screening of elderly populations, since it is well tolerated
by the elderly, and performance on the SCIT has previously
been shown to be sensitive to decrements in performance
on the MMSE. '

Conclusion

In a group of community-dwelling, middle-aged, and
elderly individuals, the SCIT showed validity against
well-established measures of visuospatial processing and
memory (MCGCF), motor coordination and dexterity (GPB),
premorbid IQ (WTAR), verbal fluency (COWAT), and verbal
learning and memory (RAVLT). The broad range of signifi-
cant associations indicates that the SCIT is not sensitive to a
particular cognitive domain and instead provides a general
measure of cognitive function. It should be noted that the
SCIT is only suitable for use in high-functioning individuals,
as people with an MMSE score of less than 24 are unable to
complete the SCIT.'® It remains to be determined whether
elderly individuals who display impaired performance on
the SCIT are more likely to develop dementia.
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