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Aim. To evaluate the capability of a computerized test
battery for Alzheimer’s disease screening which has
been newly developed to provide a standardized and
efficient method for widespread use in routine clinical
and community-based settings.
Methods. Participants were 72 individuals diagnosed with
Alzheimer’s disease and 102 healthy elderly individuals.
Both groups were tested by the battery. Receiver operating
characteristic analysis was used to examine the ability of
the battery to differentiate between those with Alzheimer’s
disease and cognitively healthy elderly individuals.

Results. On a group level, the Alzheimer’s disease
group performed worse than the control group on each
of the 4 computerized test tasks. Receiver operating
characteristic analysis yielded maximum sensitivity and
specificity values of 96% and 86% for total scores,
respectively.
Conclusion. We believe the battery is very useful for
routine clinical and community-based settings.
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I
n Japan, the distribution ratio of persons over 65
years of age is increasing and approaches 20% of
the total Japanese population, which amounts to

about 24 million people overall. Accordingly, the
number of patients with dementia is also increasing
and is estimated to reach more than 2 million by
2010. Preventing an increase in the number of per-
sons with dementia is regarded as a very urgent prob-
lem in Japan. It is important to detect the early stages
of dementia because intervention programs are more
effective when useful cognitive function can still be
preserved.1,2 Moreover, at the present time some
medication can improve symptoms and functioning
and may slow the progression of the basic disease
process.3 However, because most patients with
dementia visit the hospital after their symptoms have
become worse, medication is too late in many

cases.4,5 Family members and clinicians do not iden-
tify many patients as being cognitively impaired in
the early stages, despite such patients having
functionally significant memory problems. Although
certain symptoms occur, the patients and those close
to the patients may misunderstand the symptoms as
signs of normal aging.6 Such delayed detection is
partly due to the lack of efficient screening tools that
can be easily incorporated into a physician’s prac-
tice.7 Therefore, implementing community-based
screening for dementia and appropriate primary care
is critically important.

A cognitive screening battery of tests that takes
a long time or is too complicated to administer is
normally not deemed appropriate for the primary
care setting. A useful screening battery should be
required not only to be highly sensitive and specific
but also to take a minimal amount of time to admin-
ister.8 It has also been pointed out that for a test to be
acceptable for general routine screening, the admin-
istration time will probably have to be approximately
2 minutes.9 For example, even though the Mini-
Mental State Examination (MMSE) is relatively easy
and quick to administer, physicians often complain
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that it takes too much time.10 Using a computerized
cognitive test battery yields some useful features; for
example, it can provide quick, objective, and precise
results based on the same standards for all partici-
pants examined.11 Computerized cognitive testing
has the potential to effectively address the limita-
tions posed by traditional paper-based methods.12

Technical innovations can improve accurate mea-
surement of reaction time as well as decrease the
frequency of errors, enhancing overall sensitivity.
Although several computer-based neurocognitive
test batteries have been developed,11-16 because of
the length of their administrator time, most of these
do not seem suitable for community-based screen-
ing. We have developed a computerized screening
battery for Alzheimer’s disease (AD). This battery
was intended to provide a standardized and efficient
method for widespread use in routine clinical and
community-based settings. In this article, we present
a description and evaluation of the battery.

Methods

Participants

Participants in this study were patients of memory
clinics and community-dwelling elderly residents
aged over 65 in K-town, Tottori Prefecture, Japan.
A total of 72 patients with AD were diagnosed by a
neurological specialist based on several medical exam-
inations as well as neuroimaging examinations and
National Institute of Neurological and Communica-
tive Disorders and Stroke Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA)17

criteria. The healthy control group was comprised of
102 participants with no neurological or psychiatric
pathology. All participants gave informed consent to
be a part of this study.

Description of Computerized Test Battery

The total hardware for the test battery was comprised
of a 14-inch touch panel display and computer
devices built into 1 case. This made the hardware
a very compact (450 W � 300 L � 38 D mm), light
(2 kg), and easy-to-carry unit. The test battery oper-
ated using Windows 2000 and was bundled with the
custom screening program. The screening program
was originally made with reference to the Hasegawa
Dementia Rating Scale18 and consisted of 4 test
tasks. These tasks are explained below in detail. The
test battery was designed for use by the elderly
individuals. We adopted a touch panel display as an

input device so that aged people could operate it eas-
ily by touching the icon shown on the display without
using a keyboard or mouse. Throughout the whole
process, users were guided not only by text prompts
but also by voice instructions. The test battery for the
Japanese version was produced by NIHON KOHDEN
Corp (Tokyo, Japan) and is being sold commercially
as model MSP-1000 (Figure 1).

Details of Test Tasks

The battery is comprised of 4 test tasks and the tests
are run in the same fixed order as follows:

Three-word memory test. This test examines the
immediate memory of the participant. The voice
prompt says 3 words (eg, cherry, dog, and train) and
immediately asks the participant what the words
were. Then the battery presents 9 choice icons on the
screen and requires the participant to select 3 correct
icons (Figure 2). The battery awards a maximum of 3
points, 1 point for each correct icon chosen. Before
this test ends, the battery informs the participant
that a delayed recall test will query them for the same
3 words again later on.

Temporal orientation test. For this test, the battery
presents 4 screens in turn. On each screen, the
battery shows icons displaying choices and asks the
participant what year, month, day, and weekday it
is, respectively (Figure 3). The battery awards a
maximum of 4 points, 1 for each correct response.

Figure 1. The Japanese version of the instrument (MSP-1000).
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Three-dimensional visual-spatial perception test. This
test inspects the visual-spatial perception of the
participant. The battery uses two 3-dimensional
figures for this test: a cube and a triangular prism.
First, the battery presents a cube at the top of the
screen and 5 shapes on the lower part of the screen
(Figure 4). Among the 5 shapes, 1 is the same figure
that is at the top (a cube), although rotated slightly.
The battery requires the participant to select this 1
as the correct answer. When the participant picks
out the correct figure, the battery records 1 point.
Next, the battery presents a triangular prism as a
target stimulus and gives 5 choices, performing the
task in the same way (Figure 5). The battery awards

1 point for this one as well, for a maximum total of
2 points, 1 for each correct response.

Delayed recall test. The purpose of this test is to
assess the short-term memory of the participant. The
battery asks the participant to recall the same 3
words voiced in the ‘‘Three-word memory test.’’ Icons
for 9 choices are displayed as in the ‘‘Three-word

Figure 2. Screen for replay of the three-word memory test.

Figure 3. Screen for replay of temporal orientation for
weekdays.

Figure 4. Screen for replay of the 3-dimensional visual-spatial
perception test for cubes.

Figure 5. Screen for replay of the 3-dimensional visual-spatial
perception test for triangular prism.
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memory test,’’ but the arrangement is different. The
battery awards a maximum of 6 points, 2 points for
each correct answer.

In addition to these tests, the battery provides a
practice session to allow the participant to become
familiar with the battery. Prior to the first test (the
‘‘Three-word memory test’’), the battery presents a
practice session for participants to prepare for
the specific type of responses required for each test.
All procedures are usually completed within about
4 minutes and the maximum possible score on this
test is 15 points.

Statistical Analysis

Statistical analysis was performed using SPSS soft-
ware (Version 11 for Windows). The level of statisti-
cal significance was set at 0.05 for all tests. The
differences in mean results for individual tests for
both groups were examined by analysis of covariance
(ANCOVA). Analysis of covariance is a merger of
analysis of variance (ANOVA) and regression for
continuous variables. Analysis of covariance tests
whether certain factors have an effect on the out-
come variable after removing the variance for which
quantitative predictors (covariates) account. Recei-
ver operating characteristic (ROC) analysis was per-
formed for each test to show the relation between
sensitivity and specificity when the cutoff probability
varies. The area under the curve (AUC), an index of
effect size, was the primary result of the ROC analy-
sis. Test accuracy is measured by the area under the
ROC curve. An area of 1.0 represents a perfect test;
an area of 0.5 represents an unusable test.

Results

Almost all the participants could understand how
to interact with the battery and could complete the
task by themselves. However, persons who had weak
eyesight and/or bad hearing required the help of an
assistant staff member who supported them when
they were confused about how to respond. In such
cases, the staff instructed the participants how to
operate the battery without proposing any correct
answers. The number of such persons was less than
20 in this study. Table 1 represents the demographic
characteristics of the sample and results of individual
test tasks of the AD and control groups. Unpaired
Student t test revealed significant differences in
mean ages for the 2 groups. Therefore, we used
ANCOVA, which treated age as a covariate, to ana-
lyze differences of scores between the 2 groups. On
a group level, the AD group performed worse than
the control group on each of the 4 tasks. Analysis
of covariance revealed that there were significant dif-
ferences between the 2 groups for each individual
test, except for the 3-dimensional visual-spatial
perception test using the triangular prism, and for
the total score.

A summary of the sensitivity and specificity para-
meters and cutoff points for the ‘‘delayed recall test’’
and the ‘‘temporal orientation test,’’ and the total score,
which revealed a high F value, comparing the AD
group with the control group, are shown in Table 2.
The data are represented graphically in Figure 6,
which provides ROC curves for each test comparing
the AD group with the control group and revealed that
the total score was more specific and sensitive than
each of the 4 tests. The ROC analysis also yielded

Table 1. The Demographic Characteristics of Samples and Results of Individual Test Tasks for the AD Group and
Control Groupa

AD Control t Value F Value

Sample size 72 102
Age (years) 80.0 + 5.1 77.1 + 5.8 3.4b

Sex M/F 12/68 37/65
MMSE score 21.8 + 3.1 28.2 + 1.3 276.2b

Three-word memory test 2.57 + 0.55 2.99 + 0.01 27.4b

Temporal orientation test 2.56 + 1.76 3.87 + 0.11 86.3b

Visual-spatial recognition test (cube) 0.81 + 0.15 0.92 + 0.07 4.4b

Visual-spatial recognition test (triangular prism) 0.28 + 0.20 0.4 + 0.24 1.5
Delayed recall test 3.64 + 2.02 5.92 + 0.15 112.7b

Total score 9.87 + 2.91 14.1 + 0.53 178.7b

Abbreviations: AD, Alzheimer’s disease; ANCOVA, analysis of covariance; F, female; M, male; MMSE, Mini-Mental State
Examination.
aF values and t values are obtained by ANCOVA and Student t test, respectively.
bP < .05.
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maximum sensitivity and specificity values of 96%
and 86% for the total score, respectively, with a cutoff
point of 13.

Discussion

Community-based screening is a useful way to detect
persons with AD in its early stages. A useful screening
battery for AD needs to be brief, simple, and accurate.
To satisfy these demands, the screening battery
should combine the fewest sensitive test tasks possible
and should yield the highest sensitivity and specificity
possible. Because memory impairment is often one of
the earliest features of AD, a very brief test for mem-
ory impairment such as a delayed recall test was found
by previous research to be effective for detecting AD.1

The ‘‘temporal orientation test’’ and ‘‘visual-spatial
perception test’’ were also described in the literature

as useful items for screening AD.19 Based on such evi-
dence, we assembled the aforementioned sensitive
test tasks into the computerized screening battery.
Currently, the MMSE and Hasegawa Dementia Scale
are widely used to differentiate between normal aged
people and cases of dementia in Japan. However,
these tests were originally designed to diagnose
dementia and are not suitable for the screening of
AD because they take too long and are too cumber-
some to administer. Several different batteries20-22

among others were developed for the purpose of
screening for AD. These tests are administered based
mostly on face-to-face interviews.

Both the human screening method and the com-
puterized screening method have advantages and
disadvantages. Human testers can respond flexibly
according to the condition of the participant. How-
ever, their treatment seems to be biased according
to their experience or knowledge, and there seems
to be a risk that the criteria could vary from tester
to tester.23 In the case of community-based screen-
ing, one of the necessary requirements which a test
method must fulfill is to produce unbiased results
even if the examiner is changed. Standardization is
also required for screening tests to be accurate in
judgment and to be widely used. Therefore, a screen-
ing test that requires the examiner to have special
training or skills is not always feasible. In this way,
computerized testing is good at getting the needed
information based on the same standards, without the
aforementioned problems. Our battery, which usually
takes less than 4 minutes to administer, seems to be
adequate for use in community settings. The overall
sensitivity and specificity of the battery for AD were
96% and 86%, respectively, which are equivalent to
other studies.1,9,20,21 Of course, it is important to have
follow ups or more precise diagnoses for people who
screen with low scores. The fact that more false-
positive than false-negative results will occur during
screening is likely to be eliminated by accurate clinical
diagnosis after screening.

Recently, computer speech recognition technol-
ogies have advanced and have been applied in some
domains. However, these technologies often require
users to be trained under controlled conditions to
improve performance accuracy. Computers do not
yet have the ability to understand correctly what an
unspecified person might say. Therefore, we thought
it best to design a battery of tests, which can give
definite results through the recognition of responses
by touching icons shown on a screen.

Displaying possible answer choices is like giving
a small hint to the participant, because it does not

Table 2. Summary of the Sensitivity and Specifi-
city of Delayed Recall, Temporal Orientation, and
Total Score of the Instrument for the AD group

Versus the Control Group

Delayed
Recall

Temporal
Orientation

Total
Score

Sensitivity 0.69 0.69 0.97
Specificity 0.95 0.87 0.85
Area under the ROC curve 0.84 0.80 0.93
Cutoff point 4 3 13

Abbreviations: AD, Alzheimer’s disease; ROC, receiver operating
characteristic.

Figure 6. ROC curve for delayed recall, temporal orientation,
and total score for the instrument between ADs and
controls. AD ¼ Alzheimer’s disease; ROC ¼ receiver operating
characteristic.
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require participants to generate answers sponta-
neously. On the delayed recall task, presenting cues
during the retrieval phase improves the specificity
in discriminating individuals with dementia from
unimpaired older people.24,25 Persons who are able
to solve the question according to the hint seem to
retain their cognitive ability and receive a high
score. However, persons who get a low score even
though hints are given are strongly suspected to be
in cognitive decline. Selecting one of the choices
seems to be adequate for the assessment of memory
impairment, and that method can be easily adopted
as a computerized procedure. However, computers
are unsuitable for assessing dialogic ability such as
verbal fluency, which is one disadvantage.

Additionally, examiners often feel awkward
when patients are unable to answer questions cor-
rectly during face-to-face interviews. The patients
often seem embarrassed as well. In such cases, even
though it is in front of a doctor, the patients seem to
feel their pride considerably wounded by revealing
their cognitive decline. However, in the case of a
computer testing battery, this feeling of unpleasant-
ness rarely occurs.

These results were obtained from elderly Japanese
persons. As was mentioned in another study,26 perfor-
mance on a screening test is affected by differences
in population or ethnicity. Therefore, care should be
used when conducting examinations with the battery
in other populations. The predictive value of the
battery must also be reevaluated for each different
population.

In conclusion, we have developed a computer-
ized screening battery for AD, which yields a sensi-
tivity and specificity of 96% and 86%, respectively.
This battery can provide quick, objective, and
precise results based on solid standards proven by
research. Although computerized testing cannot
replace a human interviewer’s methods in all set-
tings, we believe it is useful for routine clinical or
community settings.
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