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Background
Existing tools for rapid cognitive assessment in HIV-positive individuals with mild cognitive deficits
lack sensitivity or do not meet psychometric requirements for tracking changes in cognitive ability
over time.

Methods
Seventy-five nondemented HIV-positive patients were evaluated with the Montreal Cognitive
Assessment (MoCA), a brief battery of standardized neuropsychological tests, and computerized
tasks evaluating frontal-executive function and processing speed. Rasch analyses were applied to
the MoCA data set and subsequently to the full set of data from all tests.

Results
The MoCA was found to adequately measure cognitive ability as a single, global construct in this
HIV-positive cohort, although it showed poorer precision for measuring patients of higher ability.
Combining the additional tests with the MoCA resulted in a battery with better psychometric
properties that also better targeted the range of abilities in this cohort.

Conclusion
This application of modern test development techniques shows a path towards a quick, quantitative,
global approach to cognitive assessment with promise both for initial detection and for longitudinal
follow-up of cognitive impairment in patients with HIV infection.
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Introduction

Mild cognitive impairment has been increasingly recog-
nized as a common feature of chronic HIV infection, even
in patients with good viral control on highly active anti-
retroviral therapy (HAART) [1]. It occurs in 30–50% of
patients, depending on both the cohort under study and
how the impairment is identified [1–8]. The current
diagnostic approach is descriptive: HIV-associated neuro-
cognitive disorder (HAND) is termed ‘asymptomatic

neurocognitive impairment’ when found on testing in the
absence of symptoms, and ‘mild neurocognitive disorder’
when both signs and symptoms are present, but are not
severe enough to constitute frank dementia [9]. The
underlying pathophysiology remains poorly understood
[10], posing challenges in the everyday management of
these mildly affected patients.

How should cognitive impairment be detected in routine
practice? Should those found to be affected have their
HAART regimen changed, to emphasize antiretrovirals with
better central nervous system penetration? Should addi-
tional therapies, such as anti-excitotoxic agents or drugs
targeting neurodegenerative changes, be added to their
treatment? If such changes are made, how should the
effects be monitored? The answers to such questions
require better tools to assess cognition in HIV-infected
individuals. The ideal measure should not only establish
the diagnosis, but also quantify the severity of impairment.
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It should also be free, brief, easy to administer with minimal
training by any health professional, and available to clinics
where HIV-infected patients receive their care. The present
study describes the initial steps in the development of such a
method to measure cognition across the intact to mildly
impaired range in HIV-positive patients.

Current approaches have limitations [11]. The clinical
history alone is inadequate, as self-reported cognitive
symptoms may not be predictive of objective performance
[12–14]. Full neuropsychological assessment is the gold
standard for the diagnosis of HAND, and consensus
recommendations on appropriate tests exist. However, such
tests require highly trained personnel and so are available
only in specialized centres [9]. They may be replaced with
briefer neuropsychological screening batteries [15], but this
reduces precision, and in any case still requires a neuropsy-
chologist, limiting feasibility in most settings. Resource
limitations aside, existing cognitive assessment tools have
focused on diagnosis, and may not be optimal for the
measurement of cognition. Measurement of cognitive im-
pairment is related to, but not synonymous with, diagnosis,
and has distinct clinical goals. Cognitive measurement refers
to the quantification of a person’s performance with reference
to a continuous unit of measurement along a scale
representing the full spectrum of cognitive ability. Precise
quantification of cognitive ability is required for comparing
different treatment groups or for tracking changes in
cognition in an individual patient, both goals of obvious
clinical relevance in this population.

Pencil-and-paper tools for cognitive assessment are brief
and easily administered, but fall short of the ideal in other
respects. Tools such as the HIV Dementia Scale (HDS), the
International HDS, and the Folstein Mini-Mental Status
Examination (MMSE) are relatively insensitive to the milder
cognitive signs that predominate in the HAART era [14,16].
Furthermore, such scales were designed to detect, but not to
measure, cognitive impairment. A total score is derived from
summing the scores for individual items but, because this
score does not represent a continuous quantity of cognition,
it is unsuitable for monitoring change over time [17].

The Montreal Cognitive Assessment (MoCA) is a brief
bedside test of cognition originally developed to screen for
cognitive impairment in a geriatric population at risk for
early dementia. It is sensitive to mild cognitive impairment
in that population [18,19] and includes items testing a
broad range of cognitive domains, including memory,
attention and frontal-executive functions, that are com-
monly affected in patients with HIV infection. We hypothe-
sized that it would be suitable for measuring cognition in
HIV-infected individuals with mild cognitive deficits.

Computerized testing is another alternative. Responses
can be collected with millisecond-level accuracy, poten-

tially increasing sensitivity to subtler deficits. Further, such
testing provides the advantages of standardized adminis-
tration and scoring with minimal training of evaluators.
Existing computerized batteries, such as the CANTAB and
Cog-State, are useful for assessment of mild cognitive
deficits and for tracking changes in cognition over time
[20,21], but neither has been well validated in HIV-infected
patients with mild cognitive deficits. In addition, these tests
are expensive to purchase and maintain. Our group has
extensive experience in the development of computerized
measures of specific frontal-executive functions in basic
neuroscience settings, and could make these tools freely
available for public use. First, though, we needed to
determine whether these tests improved measurement of
the subtle deficits in cognitive ability that we expected in
this population over and above what could be achieved
with simpler pencil-and-paper measures.

Rasch analyses are statistical techniques for improving the
reliability and validity of measurements based on responses
to a multi-item test, such as responses to a questionnaire
containing many questions probing the same general field of
ability or competence. This analytical approach has been
successfully applied to develop quantitative measures of
cognition in other contexts, including a quantitative version
of the MoCA for use in geriatric populations [22–27]. We
thus applied Rasch analysis to evaluate the suitability of the
MoCA alone, and in conjunction with computerized
cognitive tests, as a method of measuring cognition in
HIV-infected patients with mild neurocognitive deficits.

Methods

Participants

A convenience sample of patients with HIV infection
without frank dementia was recruited from sequential
patients attending the Immunodeficiency Clinic at the
Montreal Chest Institute, McGill University Health Centre.
Inclusion criteria were age between 18 and 70 years, HIV
positive status, and the ability to communicate adequately
in either French or English. Patients with dementia,
identified either by their treating clinician or on the basis
of an MMSE score o23 or an MoCA score o20, were
excluded. Other exclusion criteria were a history of central
nervous system (CNS) infection, stroke, serious head injury,
or other neurologic event likely to affect cognition. Many
patients were exposed to low doses of psychoactive drugs,
either on a prescription or recreational basis. Given that
this is a clinical reality in this population, we excluded only
those in whom drug effects might be expected to
substantially affect cognition. Of the patients originally
referred for the study, only three met one of these exclusion
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criteria (one with MoCA o20, one with a history of another
CNS process, and one with intoxication at the time of
testing). The protocol was approved by the ethics board of
the McGill University Health Centre, and all participants
provided informed consent.

Data collection

All tests were administered in the same session by a trained
research technician, in a quiet room, in the patient’s choice
of either French or English. Clinical information was
collected using a semi-structured interview at the time of
testing, supplemented by clinic chart review.

Demographic and clinical variables
Patient age, sex, educational level, and mother tongue were
recorded and evaluated for their impact on cognitive test
performance. Age was coded into 5-year bins and educa-
tional level was coded as some vs. no education at the
university level. Mother tongue was coded as English,
French or other. Clinical characteristics deemed relevant to
cognitive test performance and HIV-infection-related vari-
ables were also recorded, including the presence of self-
reported cognitive complaints (no/yes), and the presence of
depressive symptoms as evaluated with the Beck Depression
Inventory II (BDI-II; minimal, mild, moderate or severe).

The MoCA test
The MoCA was administered and scored according to the
published instructions for this test (www.mocatest.org).
Individual items of the MoCA test were coded dichot-
omously as failed or passed for each patient, with the
exception of Serial 7s subtraction. For this item we used a
polytomous scoring system of 0 to 5 based on the sum of
correct responses over five consecutive subtractions.

Additional computerized tests
Participants performed seven tasks examining different
aspects of frontal lobe function.

Reversal learning. Participants learned to make response
selections based on feedback. The score was the total
number of correct selections [28].

Emotion recognition. Participants rated the degree of
emotional expression in a series of faces and were scored
based on the difference between ratings of emotional and
neutral faces [29].

Letter 2-back task. In this working memory test, a series
of letters was presented and participants were scored on
their ability to detect letters matching the one presented
two trials previously [30].

Stop-signal task. Participants were scored on their
reaction times (RTs) to a speeded stimulus (go RT) and on

their ability to inhibit this response on rare trials when an
auditory tone was presented (stop-signal RT) [31].

Flanker task. Participants were scored for their RTs to a
visual stimulus in the presence and absence of conflicting
information, as well as the difference between these two
conditions [32].

Corsi block test. This was a computerized version of a
traditional neuropsychological test, in which patients re-
peated a spatial sequence backwards [33] and were scored on
the maximum length of sequence that could be performed
without error.

Self-ordered spatial working memory task. Participants
had to maintain spatial location information in mind across
delays and in the face of interfering inputs. The score was
the number of errors [34].

Additional noncomputerized tests
Three additional conventional neuropsychological tests
were administered. These were the digit spans forwards and
backwards, the FAS test of phonetic verbal fluency, and the
Grooved Pegboard test for dominant and nondominant
hands [35–37].

Data analysis

Rasch analysis compares a set of test data against the Rasch
model to determine whether the total score obtained by
adding individual item scores actually represents the quantity
of an attribute possessed by an individual [17,38]. In Rasch,
both item difficulty and person ability are placed on the same
scale. As a result, the difficulty of an item can be estimated
from the performance on that item by a person with known
ability. Similarly, an individual’s ability level can be estimated
from their performance on a set of items of known difficulty.

The MoCA test was Rasch analysed to evaluate its
reliability and validity as a quantitative measure of
cognitive ability in this sample. Analyses were performed
in RUMM2020 software (RUMM Laboratory Pty Ltd,
Duncraig, Australia) using the partial-credit model. The
difficulty of individual items was quantified in terms of
their fit to a normal distribution of cognitive ability and
calibrated on an interval-like difficulty scale with a mean
of zero. Goodness of fit to a unidimensional Rasch model
was evaluated globally and for individual items with the
standardized residuals (cut-off: � 2.5) [39], w2 and F-
statistics provided in RUMM2020 (cut-off: P 5 0.05; Bonfer-
roni-corrected). The dimensionality of the test was also
examined with principal components analysis of the Rasch
residuals, with cut-offs for significant eigenvalues specified
through parallel analysis (MACPARALLEL software, Parallels,
Renton, WA, USA).
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The cognitive ability of the patients was described
relative to the scale described by the test items, at both the
individual level and the group level (item-patient map-
ping). The effects of individual demographic and clinical
variables on overall and individual item performance were
evaluated using analyses of variance (ANOVAs) with a cut-
off value of P 5 0.05 (uncorrected).

In a second set of analyses, scores from the additional
cognitive tests were added to the set of MoCA data. For
analysis in RUMM2020 these additional scores were coded into
two to three ordinal response categories based on the
distribution of observed test scores in the sample; for example,
low, medium or high. The digit spans forwards and backwards
were left as raw spans. The full data set was subsequently
subjected to the same Rasch analyses as described above.

Results

Demographic and clinical characteristics of the patient
sample are shown in Table 1. The population we studied
was similar to that in recent work on the mild cognitive
impairment spectrum in HIV-infected patients from centres
in North America. Patients were predominantly men (92%),
were relatively well educated (with 44% having completed
at least some university-level education), had a long
history of HIV infection (mean disease duration
13.9 � 6.7 years), and were treated with HAART. The
majority had undetectable viral loads at the time of testing.
Two patients were coinfected with hepatitis C virus. About
a third of the sample reported current drug use, most
commonly marijuana. About 10% reported consuming
more than 7 units of alcohol per week. Over half the sample
(55%) was taking one or more psychoactive medications.
These were most commonly antidepressants or sedatives/
hypnotics. Patients were tested in either English or French.
For most, one of these was their native language, although
for a minority (12%) neither was their mother tongue.

This was a clinic-based convenience sample. Cognitive
impairment was not an inclusion criterion, but we suspect
that both referring clinicians and patients were more likely
to consider participation if there were pre-existing
concerns about cognition. This sample is thus likely to be
enriched with patients representative of those who are
presenting with mild cognitive complaints. Consistent with
this supposition, subjective cognitive complaints were
present in 47% of the sample. Depressive symptoms
ranging from mild to severe were also common, being
present in 56% of the sample. Ten patients (13%) were
classified as severely depressed (BDI 428). It is worth
noting that other recruitment approaches, such as selecting
patients with poor viral control, might yield different
sample characteristics, but would be unlikely to substan-

tially affect the goal of this study, which was to develop a
method of measuring cognitive ability, rather than to
categorize patients within the existing diagnostic frame-
work for cognitive impairment.

Measurement properties of the MoCA test in
HIV-positive patients

Response categories for serial 7s were rescored when some
scores (e.g. 0/5) occurred with insufficient frequency to
produce reliable estimates of their thresholds. Four other
naming and orientation items were removed because they
failed to contribute information to the measurement of
cognition (correct in 100% of patients). The resulting set of
24 items showed good fit to a Rasch model of cognitive
ability, including absence of an item–trait interaction
(w2 5 48.92; P 5 0.44). The items ranged in difficulty,
encompassing over 95% of the construct of cognitive
ability, from � 2.313 logits (easiest) for the clock contour
to 1 2.061 logits for letter-F fluency (Fig. 1). Therefore, the
test is able to measure cognition in groups of people with a
wide range of cognitive ability. Analysis of the residual
correlation matrix revealed little redundancy in the test
items, meaning that most items targeted a unique level of
cognitive ability. The component analysis of the residuals
suggested only minor extradimensionality of the test (9%
of the residual variance; eigenvalue 42.03), which was
associated with items requiring abstract reasoning.

Table 1 Characteristics of the patient sample (n 5 75)

Characteristic Value

Age (years) [mean (SD)] 47.3 (8.6)
Education (years) [mean (SD)] 15.5 (3.9)
Sex [n (%)] 69 (92) male,

6 (8) female
Currently employed [n (%)] 33 (44)
Mother tongue [n (%)] 23 (31) English,

43 (57) French,
9 (12) other

Time from diagnosis (years) [mean (SD)] 14 (7)
Time from beginning ART (years) [mean (SD)] 10.5 (6.0)
Currently on ART [n (%)] 71 (95)
Cognitive complaints [n (%)] 33 (47)
Psychoactive medication use [n (%)] 41 (55)
Current alcohol use (47 units/week) [n (%)] 8 (11)
Current drug use [n (%)] 26 (35)
Current tobacco use [n (%)] 26 (35)
Current HIV viral load (log copies/mL) [mean (SD)] 1.9 (0.8)
Peak HIV viral load (log copies/mL) [mean (SD)] 3.8 (1.5)
Undetectable HIV viral load [n (%)] 55 (80)
Current CD4 count (cells/mL) [mean (SD)] 462 (257)
Nadir CD4 count (cells/mL) [mean (SD)] 201 (173)
BDI [mean (SD)] 15 (11)

ART, antiretroviral therapy; BDI, Beck Depression Inventory II; SD, standard
deviation.
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The internal consistency of the test was only 0.52,
probably because the variation in cognitive ability of this
sample was limited. The bar graph in Fig. 2a shows the
distribution of persons (upper bars) and items (lower bars).
Many of the test items were too easy for the ability level of
this patient sample. Three people could not be measured
accurately because they obtained perfect scores. The ability
of the remaining patients ranged from 1 0.422 to 1 3.456.
The information function (plotted as a line over the person
distribution) shows that measurement precision is greatest
around the mid-range of difficulty (0 logits), which is
below the range of cognitive ability in this patient sample.

Contribution of additional test scores to the
measurement of cognition

In the iterative process of Rasch analysis, two test scores
were removed because they showed a poor fit to the model
(reversal learning score and flanker test) and one (FAS)
because it yielded no additional information beyond that
provided by the fluency item on the MoCA. Three items
were rescored because the thresholds defining the ability to
move from one level to the next were disordered or because
of too few observations in a particular response category
(digit spans and spatial working memory).

The resulting set of items showed good fit to a
unidimensional Rasch model, including absence of an item–
trait interaction (w2 5 67.062; P 5 0.509). As seen in the lower

bars of Fig. 2b, the distribution of items spans the range of
difficulty from –3.120 logits (easiest) for tapping to the letter
A to 1 3.321 logits for performance faster than 500ms on the
‘go’ RT of the stop-signal test. In other words, the items are
well spread out along the continuum of cognitive ability
assessed by the items and span a greater range than the
MoCA alone. Minimal extradimensionality was observed,
with one additional component associated with orientation to
time that accounted for just 7.6% of the residual variance.

The additional test items improved the internal consis-
tency to 0.75. They also led to improved targeting of the
range of ability in the patient sample (� 0.027 to 1 4.608;
Fig. 2b), and allowed for estimation of cognitive ability in
the patients who scored at ceiling on the MoCA alone. The
information function (Fig. 2b) shows that measurement
precision was greatest in the range from 1 1 to 1 2 logits
on the scale of cognitive ability.

Factors influencing cognitive ability

A university-level education was associated with higher
estimates of cognitive ability for the MoCA items alone but
did not reach significance for the combined data set (see
Table 2). Lower estimates were obtained for patients who
were not tested in their mother tongue, but French- and
English-speaking patients performed similarly (n 5 75;
P 5 0.34). Estimates of cognitive ability were not influ-
enced significantly by sex, age, the presence of cognitive

Fig. 1 Map illustrating the hierarchy of difficulty for each item administered. The scale on the left represents the ruler-like measurement tool
for evaluation of cognition, with the units expressed in logits. A value of 0 on the logit scale anchors the middle of the scale. Positive values
indicate increasing difficulty of the items as we move up the scale from 0. Negative values indicate decreasing difficulty of the items as we
move down from 0. To the right are the locations of the items along the scale, with items from similar difficulty levels spreading horizontally to
the right. The location of each item is the point at which a person would have a 50% chance of passing the item. For items from the MoCA,
passing is defined by correct performance coded with a score of 1. For the other tests and for the polytomous serial 7s item from the MoCA, the
criterion for moving from one scoring category to the next (e.g. from category 2 to category 3) is shown in parentheses beside each item.
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complaints, or the severity of depressive symptoms. The
mean cognitive ability scores followed a predictable
orderly decrease as depression symptom levels increased,
suggesting that this effect might be significant in a larger
sample size. The information about cognitive ability
contributed by each individual MoCA item or additional
test score was similar across sex, age, education, language,
cognitive complaints, and severity of depressive symptoms.

Discussion

The present study represents the first application of Rasch
analytic techniques to the development of a method for
quantifying global cognitive ability in HIV-positive patients
across a range from intact cognition to mild cognitive

deficits. First, we have provided evidence that the MoCA, an
existing brief screen for use in geriatric populations, could
serve as a unidimensional measure of cognitive ability in a
sample of nondemented HIV-positive patients, about half of
whom had subjective cognitive complaints. Rasch analysis
allowed us to characterize the relative level of difficulty of
the individual items that make up this test, and to estimate
the ‘distance’ between these items. After modifications to
scoring based on Rasch analysis, the resulting modified
MoCA total score was found to represent global cognitive
ability as a numeric quantity in this population, as has been
shown previously for geriatric patients evaluated for
cognitive impairment [22].

Although the individual items that make up the MoCA
provided an orderly measure of cognitive ability, the test

Fig. 2 Distribution of items and patients across the spectrum of global cognitive ability. The upper panel shows the distribution for the MoCA
items alone. The lower panel shows the distribution for the combination of MoCA items with other cognitive tests. The hierarchy of cognitive
ability is spread out along the x-axis, with 0 anchored to the test item of middle difficulty and easier and more difficult items spreading to the
left and right, respectively. Bars ascending above the x-axis represent the frequency of patients at each level of cognitive ability. Bars
descending below the x-axis show the number of items representing each level of cognitive ability. The line plotted above the x-axis is the
information function, which reflects the precision of measurement that can be obtained at each point along the ability continuum. See text for
interpretation. SD, standard deviation.
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was poorly targeted to this high-functioning sample, with
half of the items being too easy and therefore contributing
little to the measurement of cognition in this group. We
conclude that the MoCA alone may serve as a convenient
tool to evaluate cognition in routine clinical use but it is
not well targeted to the ability level of the population we
studied. The MoCA, with this modified scoring, would
provide a quantitative estimate of the cognitive ability of
those patients with more substantial cognitive impairment,
including mild dementia. However, additional, more
difficult test items were needed to measure cognition in
patients of higher ability.

Accordingly, in a second step we demonstrated that
additional computerized and noncomputerized tests of
executive function can serve this purpose. We focused
on cognitive capacities prominently affected in HIV-
associated cognitive impairment: psychomotor speed
and frontal-executive functions. The majority of these
additional test items provided improved targeting of
cognitive ability in this patient population when compared
with the MoCA alone. Thus, the score obtained from this
combined set of items can be considered as a ruler-like
measure of a single construct of cognitive ability, much
like the (modified) MoCA score alone, but with improved
targeting of cognitive ability in this population. The
combination of tests reported here, with the scoring

provided by the Rasch analysis, provides a quantitative
estimate of cognitive ability in the range from ‘mild
impairment’ to normal in HIV-positive patients. The test
battery could thus be applied to measure an individual’s
cognitive ability at a given point in time, and to measure
the change in ability longitudinally.

A healthy population was not tested here, nor were the
comprehensive neuropsychological data acquired that
would be needed to determine the sensitivity and
specificity of this set of tests as a diagnostic tool. Future
work with this battery could certainly examine its validity
and seek to determine cut-off scores if diagnosis is the goal.
The results of our study do suggest that adjustment for
second-language testing and educational level, at least for
the MoCA, would be required in the development of
diagnostic cut-off scores. Relating this novel measurement
approach to the current diagnostic framework would be
useful for several reasons, including potentially shedding
light on the meaning of cognitive ability estimates in
absolute terms. However, the clinical meaning of changes
in cognitive ability is inherently individual, as it depends
on both pre-morbid abilities and on current functional
demands. The diagnostic classification of patients thus may
be of less relevance to clinical decision-making than the
precise tracking of an individual’s cognitive ability over
time. For example, cognitive deterioration in spite of an
undetectable viral load raises the possibility of viral escape
in the CNS, which would have important therapeutic
implications [40]. Similarly, while the optimal management
of individuals with cognitive impairment in the context of
good viral control remains to be clarified, clinicians need to
be able to track change over time when evaluating the
response to treatment interventions. With this in mind,
additional work along the lines shown here should aim to
incorporate items that further improve the test–retest
reliability of the cognitive ability score.

Implications of cognition as a global construct

The finding that cognitive ability in general can be
measured with a single number advances our under-
standing of how cognitive impairment manifests in HIV-
positive patients. In contrast to what might be expected in
a heterogeneous sample of neurologically ‘localized’
conditions, the cognitive deficits associated with HIV
infection seem to reflect diffuse brain dysfunction that
varies in degree rather than in localization, at least across
the cognitive domains and level of resolution assessed by
this battery of tests. This interpretation may be relevant for
understanding the pathophysiology of these deficits,
arguing for causes that degrade brain function generally,
rather than injuring some particular brain region or

Table 2 Patient characteristics influencing measured cognitive ability

Mean estimate of cognitive ability

MoCA MoCA 1 test battery

Sex P 5 0.72 P 5 0.17
Male 1 2.311 1 1.647
Female 1 2.170 1 1.155

Age P 5 0.75 P 5 0.22
Up to 39 years 1 2.118 1 1.465
40–44 years 1 2.519 1 2.081
45–49 years 1 2.173 1 1.526
50–54 years 1 2.441 1 1.586
� 55 years 1 2.253 1 1.413

Education P 5 0.05 P 5 0.14
No university 1 2.115 1 1.479
University 1 2.535 1 1.772

Language P 5 0.02 P 5 0.004
English 1 2.152 1 1.509
French 1 2.516 1 1.822
Other 1 1.642 1 0.837

Complaints P 5 0.90 P 5 0.80
No 1 2.313 1 1.584
Yes 1 2.285 1 1.634

Depression P 5 0.63 P 5 0.70
Minimal 1 2.402 1 1.715
Mild 1 2.366 1 1.620
Moderate 1 2.207 1 1.490
Severe 1 1.997 1 1.404

P-values are for the one-way analysis of variance (ANOVA).
MoCA, Montreal Cognitive Assessment.
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network. More pragmatically, the results support a
relatively straightforward approach to the measurement
of cognition as a global construct, in which cognition is
evaluated across an appropriate range of difficulty rather
than across modular cognitive abilities.

Extension to adaptive testing

An important implication of good fit to a Rasch model is
the potential for developing adaptive tests. Subjects who
pass a given item would not need to be tested on those
items shown to measure lesser degrees of cognitive ability.
Depending on the accuracy required and the ability of the
subject, only a few items might need to be administered to
measure cognitive ability. This item-bank approach reduces
test burden without loss of information, even across a
wider range of cognitive deficits. It also allows clinicians to
continuously monitor the impact of therapies without the
artificial interruption in scores introduced when having to
switch from a ‘hard’ test to an ‘easy’ test if cognitive
impairment worsens. The adaptive approach to cognitive
measurement was recently validated for geriatric mild
cognitive impairment in a study that combined test items
from the MoCA and the MMSE (S. Konsztowicz et al.,
unpublished observations). The data we present here
provide a basis for an adaptive approach to measuring
cognition, but further work will be needed to implement
and fully validate such a method.

Conclusion

Some limitations to this study must be considered. Firstly,
the use of computerized measures adds inconvenience
when compared with a brief pencil-and-paper test,
although web-based testing software could be developed
to minimize that inconvenience. A computerized approach
has the additional advantage of greatly simplifying the
process of administering a test in an adaptive format,
automatically selecting the next items to be administered
based on the pattern of previous responses and stopping
once a criterion is reached for confidence in the accuracy
of the resulting score. This approach has been used
successfully to evaluate cognition in patients with cere-
brovascular disease [41] and in a rehabilitation clinic
population [42]. Secondly, the particular computer tests we
used are drawn from the experimental cognitive neu-
roscience literature, and so have not undergone the
extensive normative testing of more conventional mea-
sures. However, they are in the public domain and thus
readily available for evaluation and development by
others. At the very least, the present work illustrates a
methodological path that could be profitably pursued as we

seek to improve on current tools for the assessment of
cognitive ability in people with HIV infection.
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