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Abstract. Cognitive impairment is a leading cause of dysfunction in the elderly. When mild cognitive impairment (MCI)
occurs in elderly, it is frequently a prodromal condition to dementia. The Montreal Cognitive Assessment (MoCA) is a
commonly used tool to screen for MCI. However, this test requires a face-to-face administration and is composed of an
assortment of questions whose responses are added together by the rater to provide a score whose precise meaning has been
controversial. This study was designed to evaluate the performance of a computerized memory test (MemTrax), which is
an adaptation of a continuous recognition task, with respect to the MoCA. Two outcome measures are generated from the
MemTrax test: MemTraxspeed and MemTraxcorrect. Subjects were administered the MoCA and the MemTrax test. Based on
the results of the MoCA, subjects were divided in two groups of cognitive status: normal cognition (n = 45) and MCI (n = 37).
Mean MemTrax scores were significantly lower in the MCI than in the normal cognition group. All MemTrax outcome
variables were positively associated with the MoCA. Two methods, computing the average MTX score and linear regression
were used to estimate the cutoff values of the MemTrax test to detect MCI. These methods showed that for the outcome
MemTraxspeed a score below the range of 0.87 – 91 s−1 is an indication of MCI, and for the outcome MemTraxcorrect a score
below the range of 85 – 90% is an indication for MCI.

Keywords: Alzheimer’s disease, continuous performance task, dementia, elderly, memory, mild cognitive impairment,
screening

INTRODUCTION

The worldwide population, led by Europe, North
America, and Northern Asia, is aging, causing a
rapid increase in the proportion of elderly persons.
With increasing age, there is a well-established pro-
gressive, exponential increase of the development
of cognitive impairment, dementia, and Alzheimer’s
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disease (AD) [1], which is leading to a huge increase
in the number of people with these conditions
[2–4]. Early detection and identification of cognitive
disorders can improve patient care, decrease health
care costs, and could help in delaying the onset of
more severe symptoms, thus potentially helping to
ease the rapidly developing burden of dementia and
AD. Therefore, better tools are needed to monitor
cognitive function in the elderly [5–7].

To perform clinical assessments of cognitive and
behavioral functions of the elderly, clinicians and
researchers have developed hundreds of screening
and brief assessment tools [8, 9], and several tests
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have come into common use [5, 10]. One of the
most frequently used tools for clinical assessment of
mild cognitive impairment (MCI) in academic set-
tings is the Montreal Cognitive Assessment (MoCA)
[11].

The MoCA assesses seven cognitive functions:
executive, naming, attention, language, abstraction,
memory/delayed recall, and orientation. The domains
memory/delayed recall and orientation of the MoCA
were previously identified as the most sensitive items
to early Alzheimer-type cognitive impairments [12],
which led to the concept that memory encoding
was the fundamental factor attacked by the AD
neuropathological process [13, 14]. Therefore, in
a clinical tool for the assessment of the cogni-
tive impairments associated with AD, memory is
the central cognitive factor to consider, while other
impairments, including aphasia, apraxia, agnosia,
and executive dysfunction, though commonly dis-
rupted by AD, may be related to the dysfunction of
neuroplastic memory processing mechanisms in the
supporting neocortical regions.

Although the MoCA is widely used for assessing
MCI, administration of the MoCA is done face-
to-face, which is time-consuming and requires a
clinical encounter and consequently requires a con-
siderable cost for each administration. In the course
of an assessment, the time required to adminis-
ter a test increases the accuracy of the assessment
[15], so future developments must take this rela-
tionship into account to develop more efficient tests
[8].

A critical issue in this area is the requirement for
cognitive assessment over time [16, 17]. Assessment
of changes over time are important for detecting and
determining the progression of impairment [18], the
efficacy of treatment, and the evaluation of therapeu-
tic research interventions. Most such tools available
are not suitable nor designed for high levels of preci-
sion and cannot be easily administered on a frequent
basis. The solution to improve cognitive assessment
has been suggested to be computerization [19, 20],
but most such efforts have provided little more than
computerization of commonly used neuropsycholog-
ical tests [21, 22], and have not been developed to
specifically address the critical issues of cognitive
assessment required to understand early dementia
and its progression [6, 23]. Therefore, new cognitive
assessment tools should be computerized and based
on an unlimited source of comparable tests, which are
not limited by language or culture, that provide lev-
els of accuracy, precision, and reliability which can be

progressively improved. In addition, such tests must
be fun and engaging, so that repeated testing will be
considered a positive rather than onerous experience.
On-line testing, in particular, offers the potential to
meet this need, while providing rapid collection and
analysis of data, and providing immediate feedback to
participating individuals, clinicians, and researchers.

The present study was designed to assess the utility
of an on-line adaptation of a continuous recognition
task (CRT) paradigm [24], for assessing cognitive
function in a population of community-dwelling
individuals who had not been identified as having
dementia. The CRT paradigm is widely used in
academic studies of memory mechanisms [25].
The CRT approach was first implemented as an
audience demonstration tool that provided data on
individuals who were interested in memory prob-
lems [26]. Subsequently, this test was implemented
on-line by a French company (HAPPYneuron,
Inc.); by a US-based company, MemTrax, LLC
(http://www.memtrax.com); by the Brain Health
Registry (http://www.brainhealthregistry.org) (a
URL developed by Dr. Michael Weiner, UCSF, and
his team to support recruitment for studies of cog-
nitive impairment) [27]; and by a Chinese company
(http://www.memtrax.com.cn; SJN Biomed, LTD).
This test, as of June 2018, has obtained data from
over 200,000 users, and it is in trials in several
countries.

In the present study, the MemTrax (MTX), a CRT-
based test, was administered in conjunction with the
MoCA in an independently-living elderly population
in the northern Netherlands. The object of this study
was to determine the relationship between perfor-
mance on this implementation of the CRT and the
MoCA. The question was whether the MTX would
be useful for estimating cognitive functions assessed
by the MoCA, which could indicate potential clinical
applicability.

MATERIALS AND METHODS

Study population

Between October 2015 and May 2016, a
cross-sectional study was performed among
community-dwelling elderly in the northern Nether-
lands. Subjects (≥75y) were recruited through
distribution of flyers and during group meetings
organized for elderly people. Potential subjects
were visited at home to screen for the inclusion and
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exclusion criteria before they were enrolled in this
study. Subjects who suffered from (self-reported)
dementia or who had severely impaired vision or
hearing that would influence the administration of
the cognitive tests were not allowed to participate in
this study. In addition, subjects needed to be able to
speak and comprehend the Dutch langue and not be
illiterate. The study has been performed according to
the Helsinki declaration of 1975 and all participants
signed an informed consent form after receiving a
detailed explanation of the study.

Study procedure

After enrollment in the study, a general question-
naire was administered, which included questions
about demographic factors, such as age and years of
education (starting at primary school), medical his-
tory, and alcohol consumption. Following completion
of the questionnaire, the MoCA and MTX tests were
administered in random order.

MemTrax

As a courtesy of MemTrax, LLC (Redwood City,
CA, USA), free full versions of the MTX test were
provided. In this test, a series of 50 images is shown
for up to three seconds each. When an exact repeated
image appeared (25/50), the subjects were instructed
to react to the repeated image as quickly as possible
by pressing the spacebar (which was indicated by
a red colored tape). When the subject responded to
an image, the next image was shown immediately.
After finishing the test, the program shows the
percentage of correct responses (MTXcorrect) and
the average reaction time in seconds for repeated
images, which reflects the time needed to press the
spacebar when recognizing a repeated image. To
match the dimensions of these two measures, the
reaction time was converted into the reaction speed
(MTXspeed) by dividing 1 by the reaction time (i.e.,
1/MTXreaction time). The test history of all individual
MTX scores and their validity was automatically
saved online in the test account. The validity of
all performed tests was checked, requiring 5 or
fewer false positive responses, 10 or more correct
recognitions, and average recognition time between
0.4 and 2 seconds, and only valid tests were included
in the analysis.

Before the actual MTX test was administered, the
test was explained in detail and a practice test was pro-
vided to the subjects. This included not only the test

itself, but also the instruction and count-down pages
to let the participant get accustomed to the layout of
the site and the initial actions needed, before the start
of the test. To avoid repetition of images during the
actual test, images not included in the MTX database
were used for the practice test.

Montreal cognitive assessment tool

Permission was obtained from the MoCA Institute
& Clinique (Quebec, Canada) to use the MoCA for
this research. The Dutch MoCA is available in three
versions, which were randomly administered to the
subjects. The MoCA score is the sum of performance
on each separate cognitive domain assessed and has a
maximum score of 30 points [11]. As per the official
recommendation, an additional point was added if
the participant had ≤12 years of education (if <30
points). The official test instructions were used as a
guideline during the administration of the tests. The
tests were administered by three trained researchers
and administration of one test took about 10 to
15 min.

Data analysis

Based on the results of the MoCA, which was cor-
rected for education, the subjects were divided in two
groups of cognitive status: normal cognition (NC)
versus mild cognitive impairment (MCI). The MoCA
score of 23 was used as a cutoff for MCI (scores of
22 and below were considered MCI), as it was shown
that this score showed overall ‘the best diagnostic
accuracy across a range of parameters” compared
to the initially recommended score of 26 or the val-
ues of 24 or 25 [28]. For all analyses, the corrected
MoCA score was used as this score is used in clinical
settings.

The MTX test gives two outcomes, namely
MTXreaction time, which was converted to MTXspeed
by 1/MTXreaction time, and MTXcorrect.

Statistical analyses were carried out using R
(version 1.0.143, Rstudio Team, 2016). Normality
was checked for all variables by the Shapiro-Wilk
test. Variables of the whole study population, and
of the NC and MCI groups, were reported as
the mean ± standard deviation (SD), median and
interquartile range (IQR) or as number and percent-
age. Independent sample T-tests and Wilcoxon Sum
Rank tests for continuous variables and Chi-squared
tests for categorical variables were performed to com-
pare the characteristics of the NC and MCI group. The
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Table 1
Subject characteristics

Total study population (n = 82) NC (n = 45) MCI (n = 37) p

Age (y) 83.5 ± 5.2 82.6 ± 4.9 84.7 ± 5.4 0.074
Female, No. (%) 55 (67) 27 (60) 28 (76) 0.133
Education (y) 10.0 (8.0–13.0) 11.0 (8.0–14.0) 10.0 (8.0–12.0) 0.216
Alcohol intake (# glasses/week) 0 (0–4) 0 (0 –3) 0 (0–5) 0.900
MoCA score (# points) 23 (21–25) 25 (23–26) 21 (19–22) n.a.

Values are expressed as mean ± sd, median (IQR) or as number with percentage.

non-parametric Kruskal-Wallis test was used to deter-
mine if the three versions of the MoCA and the
three administrators affected the MoCA results. In
addition, an independent T-test or Wilcoxon Sum
Rank test was performed to determine if the order
of administration of the MoCA and MTX influenced
the test results (e.g., MoCA score, MTXcorrect, and
MTXspeed). This was performed by determining if
the mean scores were different for the subjects who
received first the MoCA and then the MTX or who
received first the MTX and then the MoCA.

Pearson correlation tests were calculated to
assess the relation between MTX and MoCA and
between both MTX test results, e.g., MTXspeed
and MTXcorrect. A previously executed sample size
calculation showed that for an one-tailed Pearson
correlation test (power = 80%, α = 0.05), with the
assumption of a medium effect size (r = 0.3), a mini-
mal sample size of n = 67 was needed [29]. Polyserial
correlation tests were calculated to assess the relation
between the MTX test results and the separate MoCA
domains using the psych package in R [30, 31].

The equivalent MoCA score for given MTX scores
was calculated by computing the average MTX score
for each possible MoCA score and linear regres-
sion was performed to estimate the equations relating
these measures. In addition, to determine the cutoff
values of the MTX test for MCI measured by MoCA,
and the corresponding sensitivity and specificity
values, a Receiver Operator Characteristic (ROC)
analysis was performed using the pROC package
in R [32]. Non-parametric stratified bootstrapping
(n = 2000) was used to compare the area under the
curves (AUCs) and the corresponding confidence
intervals. The optimal cutoff score was calcu-
lated with the Youden method, which maximizes
the true positives while minimizing false positives
[33, 34].

For all statistical analyses, a two-sided p-value of
<0.05 was considered as threshold for statistical sig-
nificance, except for the analysis to assess the relation
between MTX and MoCA (i.e., correlation analysis

and simple linear regression) for which a one-sided
p-value of <0.05 was considered as significant.

RESULTS

Subjects

In total, 101 subjects were included in this study.
Data of 19 persons were excluded from analysis, as
the MTX test results from 12 subjects were not saved
by the program, 6 subjects had invalid MTX test
results, and one subject had a MoCA score of 8 points,
indicating severe cognitive impairment, which was an
exclusion criterion. Therefore, data from 82 subjects
were included in the analysis. No significant differ-
ences in the MoCA test results were found between
the different versions of the MoCA and between the
administrators. In addition, the order of test admin-
istration had no significant effect on any of the test
scores (MoCA, MTXspeed, MTXcorrect). Based on the
MoCA test results, subjects were placed in the NC or
MCI group (e.g., MoCA ≥ 23 or MoCA < 23, respec-
tively). The subject characteristics for the total study
population, and the NC and MCI groups are pre-
sented in Table 1. No significant differences were
present between groups, except median MoCA scores
(25 (IQR: 23–26) versus 21 (IQR: 19–22) points,
Z = −7.7, p < 0.001).

Cognitive status measured by MTX

Cognitive status was measured by the MTX test.
Figure 1 shows the results of the cognitive test out-
comes of NC and MCI subjects. The mean MTX
scores (e.g., MTXspeed and MTXcorrect) were signifi-
cantly different between the two groups. NC subjects
(0.916 ± 0.152 s−1) had a significant faster reac-
tion speed compared to MCI subjects (0.816 ± 0.146
s−1); t(80) = 3.01, p = 0.003) (Fig. 1A). In addition,
NC subjects had a better score on the MTXcorrect
variable than MCI subjects (91.2 ± 5.0% versus
87.0 ± 7.7% respectively; tw (59) = 2.89, p = 0.005)
(Fig. 1B).
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Fig. 1. Boxplots of MTX test results for NC and MCI groups. A) MTXspeed test result and B) MTXcorrect test result. Both outcome variables
of the MTX tests are significantly lower in the MCI group compared to NC. The light grey color indicates NC subjects, whereas the dark
grey color indicates MCI subjects.

Fig. 2. Associations between A) MTXspeed and MoCA; B) MTXcorrect and MoCA; C) MTXcorrect and MTXspeed. NC and MCI subjects are
indicated with dots and triangles respectively. In the right bottom corner of each graph the rho and corresponding p value are shown of the
correlation between the two variables.

Correlation between MTX and MOCA

Associations between MTX test scores and MoCA
are shown in Fig. 2. Both MTX variables were pos-
itively associated with the MoCA. MTXspeed and
MoCA showed a significant correlation of r = 0.39

(p = 0.000), and the correlation between MTXcorrect
and MoCA was r = 0.31 (p = 0.005). There was no
association between MTXspeed and MTXcorrect.

Polyserial correlations were calculated between
the MTX test scores and the MoCA domains to
determine the association of each domain with
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Fig. 3. ROC curves of the MTX test outcomes to assess MCI rated
by MoCA. The dotted line indicates MTXspeed and the solid line
MTXcorrect. The grey line represents the reference line of 0.5.

Table 2
Polyserial correlations of MTX test outcomes with MoCA domains

MTXspeed MTXcorrect
r p r p

Visuospatial 0.22 0.046 0.25 0.021
Naming 0.29 0.026 0.24 0.063
Attention 0.24 0.046 0.09 0.477
Language 0.27 0.012 0.160 0.165
Abstraction 0.35 0.002 0.211 0.079
Recall 0.15 0.159 0.143 0.163
Orientation 0.21 0.156 0.005 0.972

Note: Significant correlations are indicated in bold.

the MTX metrics. The polyserial correlations are
shown in Table 2. Multiple domains of the MoCA
were significantly correlated with MTXspeed. The
domain “abstraction” showed the highest correla-
tion, although moderate, with MTXspeed (r = 0.35,
p = 0.002). The domains “naming” and “language”
showed a weak to moderate significant associa-
tion with MTXspeed (r = 0.29, p = 0.026 and r = 0.27,
p = 0.012, respectively). MTXcorrect was not signifi-
cantly associated to the MoCA domains, except for
a weak correlation with the domain “visuospatial”
(r = 0.25, p = 0.021).

MTX scores and estimated cutoff values for MCI

To determine the corresponding scores of MTX
and MoCA, the MTX scores of each MoCA score
were averaged and linear regression was calculated

to predict the relationships and corresponding equa-
tions. The results of the linear regression indicated
that MTXspeed explained 55% of the variance
in MoCA (R2 = 0.55, p = 0.001). The variable
MTXcorrect explained 21% of the variance in MoCA
(R2 = 0.21, p = 0.048). Based on the equations of
these relationships, equivalent MoCA scores were
calculated for given MTX scores, which are shown
in Table 3. Based on these equations, the correspond-
ing cutoff values (e.g., MoCA score of 23 points)
for MTXspeed and MTXcorrect are 0.87 s−1 and 90%.
In addition, multiple linear regression on both MTX
variables was performed, but the variable MTXcorrect
did not significantly contribute to the model and
therefore the results are not shown.

In addition, MTX cutoff values and the correspond-
ing sensitivity and specificity were determined via a
ROC analysis. The ROC curves of the MTX variables
are presented in Fig. 3. The AUCs for MTXspeed and
MTXcorrect are, respectively, 66.7 (CI: 54.9 – 78.4)
and 66.4% (CI: 54.1 – 78.7). The AUCs of the MTX
variables used to assess MCI established by MoCA
were not significantly different. Table 4 shows the
sensitivity and specificity of different cutoff points
of the MTX variables. The optimal cutoff scores,
which maximized true positives while minimizing
false positives, for MTXspeed and MTXcorrect were
0.91 s−1 (sensitivity = 48.9%; specificity = 78.4%)
and 85% (sensitivity = 43.2%; specificity = 93.3%),
respectively.

DISCUSSION

This study was set up to investigate the on-line
MTX tool, a CRT-based test, using the MoCA as ref-
erence. The MoCA was chosen because this test is
currently widely used to screen for MCI. However,
the optimal cut-points for the MoCA are not clearly
established [28]. The comparisons of the individual
measures of MTX with the MoCA show that a simple,
short, on-line test can capture a significant proportion
of the variance in cognitive functioning and cognitive
impairment. In this analysis, the strongest effect was
seen for the speed measure. The correctness measure
showed a less robust relationship. A significant find-
ing was that no correlation was observed between
the MTX speed and correctness measures, indicating
that these variables measure different components of
the underlying brain processing function. Thus, no
indication of a speed-accuracy trade-off was found
across subjects. In addition, two different methods
were used to estimate the cutoff values of the MTX
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Table 3
Suggested equivalent MoCA score for given MTX scores

Equivalent CI of prediction Equivalent CI of prediction
MoCA (points) MTXspeed (s−1)a with MTXspeed (points) MTXcorrect (%)b with MTXcorrect (points)

15 0.55 7 – 23 68 3 – 28
16 0.59 8 – 24 71 5 – 28
17 0.63 10 – 24 73 6 – 28
18 0.67 11 – 25 76 8 – 28
19 0.71 12 – 26 79 9 – 29
20 0.75 13 – 27 82 11 – 29
21 0.79 14 – 28 84 12 – 30
22 0.83 15 – 29 87 13 – 30
23 0.87 16 – 30 90 14 – 30
24 0.91 17 – 30 93 15 – 30
25 0.95 18 – 30 95 16 – 30
26 0.99 19 – 30 98 16 – 30
27 1.03 20 – 30 100 17 – 30
28 1.07 21 – 30 100 17 – 30
29 1.11 21 – 30 100 17 – 30
30 1.15 22 – 30 100 17 – 30

aEquation used: 1.1 + 25.2 *MTXspeed; b Equation used: –9.7 + 0.36 *MTXcorrect.

Table 4
MTXspeed and MTXcorrect cutoff points and corresponding specificity and sensitivity

Cutoff point Tp (#) tn (#) Fp (#) Fn (#) Specificity (%) Sensitivity (%)

MTXspeed 1.20 37 1 44 0 2.2 100
1.10 36 7 38 1 15.6 97.3
1.0 33 13 32 4 28.9 89.2
0.90 28 22 23 9 48.9 75.7
0.80 18 34 11 19 75.6 48.6
0.70 9 41 4 28 91.1 24.3
0.60 3 45 0 34 100 8.1

MTXcorrect 99 36 3 42 1 97.3 6.7
95 31 11 34 6 83.8 24.4
91 23 23 22 14 62.2 51.1
89 20 28 17 17 54.1 62.2
85 16 42 3 21 43.2 93.3
81 8 44 1 29 21.6 97.8
77 3 45 0 34 8.1 100

tp, true positive; tn, true negative; fp, false positive; fn, false negative.

test to detect MCI. These methods showed that for
the outcomes speed and correctness, a score below
the ranges of respectively 0.87–91 s−1 and 85–90%
are an indication that individuals who score below one
of those ranges are more likely to have MCI. A “cost-
worthiness analysis” would indicate at what point an
individual should be advised to consult a physician
about performing more comprehensive tests to screen
for MCI [8, 35].

In the present study, it was found that the domains
“naming”, “language”, and “abstraction” measured
by the MoCA had the highest correlations with
one of the MTX outcomes, although the correla-
tions were weak to moderate. This is in contrast to
what was expected, since previous studies showed in
examining the Mini-Mental State Exam using Item
Response Theory, that the domains “memory/delayed

recall” and “orientation” were the most sensitive to
early AD [12]. At this very early stage of cogni-
tive dysfunction, it appears that MoCA indicators of
subtle impairments in naming, language, and abstrac-
tion are more sensitive to MCI than the measures
of memory and orientation, consistent with previ-
ous findings in an Item Response Theory analysis
of the MoCA [36]. Further, the MTX measure of
recognition speed appears to reflect this early impair-
ment before recognition memory as measured by
MTX (which has a significant ceiling effect). This
constellation of effects suggests that the complex
aspects of the pathology causing MCI reflect the early
brain changes which have been difficult to concep-
tualize with simple neurocognitive approaches and
may actually reflect the progression of the underlying
neuropathology [37].
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Strong points in the present study are that the sam-
ple size (n = 82) was more than adequate to detect the
correlations between the MoCA and MTX in this rel-
atively old population. In addition, a practice test was
administered to all subjects, so that elderly individ-
uals who were not used to a computer had a chance
to adjust to the testing environment and the equip-
ment. Compared to the MoCA, subjects indicated that
the MTX was more fun to do, whereas the MoCA
felt more like an exam. The age of the subjects and
their community independence restricted the focus
of the analysis to this select group of relatively high-
functioning individuals, but this group is among the
most difficult for impairment identification.

Of note, although considered a standard screen-
ing test, the MoCA is only a test for indicating the
possible presence of MCI, not a diagnostic tool or
an absolute measurement of cognitive dysfunction.
So, accordingly, the comparison of the MoCA and
MTX is relative, and either is likely to have cap-
tured independent variance in the MCI identification.
Accordingly, an important issue in the literature has
been the effort to define the usefulness of the MoCA
[38], its validation [39], the establishment of nor-
mative scores [40], the comparison with other brief
cognitive assessments [41-45], and its utility as a
screening tool for MCI [46] (reviewed by Carson
et al., 2017 [28]), as well as the applicability of
an electronic version [47]. Such analyses involve
examination of sensitivity and specificity, usually
using ROC analysis with measurement of “area under
the curve”, and the recommendation of a cutoff for
“diagnosis”. However, in the absence of any approach
for determining absolutely where an individual lies
on the continuum of mild impairment, together with
the tremendous variability in the underlying brain
functions contributing to that impairment, all such
tools can only provide a probabilistic estimation.
Providing correlations between different measures
only shows that the underlying condition is being
correctly addressed, but the real biological state
cannot be precisely defined with this approach.
Though higher level analyses can be practically use-
ful in a clinical setting, establishment of such utility
requires additional consideration of four factors: the
prevalence of the condition in the population; the
cost of test, the cost of the false-positive results,
and the material benefit of true positive diagnosis
[8, 35].

A major part of the problem in evaluating AD
and its associated cognitive impairment is that there
are no real “stages” [48], but rather a temporal con-

tinuum of progression [8, 17, 49]. The distinction
of “normal” from MCI is actually much more dif-
ficult than distinguishing either of these conditions
from the mild dementia associated with AD [50,
51]. Using the concept of “Modern Test Theory”,
the issue becomes determining where on the con-
tinuum an individual is most likely to be within a
particular confidence-interval range, given a partic-
ular test score. To make such determinations, more
precise assessments are needed than are provided by
most brief cognitive tests, but such as are provided by
MTX. Increased precision and removal of observer
bias with computerized testing is a promising direc-
tion. Also, a computerized test, such as the MTX,
provides the possibility of an unlimited number of
comparable tests, substantially reducing the variance
of the impairment estimation. Further, in principle,
computerized testing can test many of the memory-
related domains affected by AD. This study did not
compare MTX with the numerous other computer-
ized tests which have been created (see introduction),
but none of the ones available so far use the powerful
approach offered by a CRT. Further development of
computerized testing is an important area for further
attention and support. Finally, training effects can be
factored into the analyses.

At this time, computerized on-line testing is not an
established approach to screen for dementia, assess
cognitive impairment, or make any clinical diagnosis.
However, the power and potential of this approach,
particularly the use of CRT, to evaluate episodic
(short-term) memory, is enormous and will likely
be critical in future applications of cognitive evalu-
ation, including dementia screening and assessment,
post-operative confusion monitoring, establishment
of mental capacity for decision making, detecting
post-concussion deficits, and estimation of poten-
tial impairment for driving safety. In this study, it is
shown that MTX can capture a significant proportion
of the variance of cognitive impairment. In addition,
cutoff values are presented for the MTX variables
that are equal to the MoCA cutoff score for MCI. For
future research, it is suggested to investigate in larger,
more clearly defined populations to establish MTX
as screening tool for MCI. Such population should
include clinical samples where diagnostic issues can
be defined as precisely as possible and subjects can
be followed over time with MTX and other cognitive
tests. Such analyses can determine variations in the
trajectories of cognitive decline, related to both nor-
mal aging and various pathological conditions. As
computerized testing and registries develop, much
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more information about levels of health will become
available and undoubtedly lead to great improvement
in health care and hopefully approaches to preventing
such conditions as AD.
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