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Objectives: In order to rehabilitate cognitive disorders, it is necessary to carefully evaluate 
cognitive function. Given the variety of assessments, including computerized and functional 
tests, the aim of this study was to determine whether computerized test scores really reflect a 
person’s functional ability. In this study, we measured the correlation between computerized 
and functional evaluation results

Methods: In this cross-section study, 45 people (9 males and 36 females) with multiple 
sclerosis with an Expanded Disability Score (EDSS) of 1 to 5 were recruited. To assess their 
cognitive function, the CANTAB tests (SOC, DMS, and SSP tests) and the Loewenstein 
Occupational Therapy Cognitive Assessment (LOTCA) battery were used. The data were then 
processed with SPSS software v. 22.

Results: The results showed that the CANTAB test is well correlated with the LOTCA battery. 
A high correlation was observed between LOTCA’s “visual perception” with delayed matching 
to sample (r=0.909), LOTCA’s “spatial perception” with spatial span test (r=0.907), LOTCA’s 
“visual organization” with stocking of Cambridge (r=0.961), and “mental operations” in 
LOTCA with “stocking of Cambridge” (r=0.835). 

Discussion: Due to the very good convergence of these two tests, in many cases, computerized 
tests can be used instead of functional tests.
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Highlights 

● Computerized test scores really reflect a person’s functional ability. 

● The CANTAB test is well correlated with the LOTCA battery.

● The LOTCA’s “visual perception” with delayed matching to sample in CANTAB

● The LOTCA’s “spatial perception” with spatial span test in CANTAB

● The  LOTCA’s“visual organization” with stocking of Cambridge in CANTAB

● The “mental operations” in LOTCA with “stocking of Cambridge” in CANTAB

● The Computerized tests can be used instead of functional tests.

Plain Language Summary 

People with central nervous system disorders develop cognitive impairments. To help these people, it is necessary to 
carefully evaluate their cognitive functions. The tools for assessing these disorders are usually performance-based and 
their scoring is subjective and general. Excessive fatigue in diseases such as multiple sclerosis can severely affect the 
results of functional evaluation. Computer evaluations, on the other hand, are both less tedious and more accurate to 
score. The purpose of this study was to determine whether computer test scores accurately indicate a person's function. 
In this study, the functional scores of 45 patients with multiple sclerosis were compared with their computer scores. An 
occupational therapy test (LOTCA) was used to evaluate them, and computerized tests developed by the University of 
Cambridge (named CANTAB) were used for computer evaluation. The results showed that there is a high correlation 
between people's scores in the two types of assessments. Due to the strong convergence of these two tests, in many 
cases, as an alternative, computerized tests can replace functional tests. That is, depending on the patient's condition 
and ability to use any of these tests, similar results are obtained. In situations where it is difficult to use functional as-
sessment due to the patient's physical problems, computerized assessments easily solves this problem. These tools are 
great alternatives to performance assessment tools.

1. Introduction

ognition involves all the mental pro-
cesses that underlie recognition, learn-
ing, remembering, and considering vari-
able information [1]. Cognition refers to 
design, problem-solving, awareness, and 
judgment, which are classified as higher 

cognitive functions. Each cognitive system is a series of 
processing steps that work together to achieve a com-
mon goal. Cognitive systems involve in functional ac-
tivities. In people with central nervous system disorders, 
cognitive abilities are impaired and their performance is 
affected [2]. Cognitive impairment is a temporary or per-
manent defect in the processing, storage, and retrieval of 
information required by a person to perform normal ac-
tivities in a safe manner or in proportion to his or her age 
and educational and cultural context. These defects can 
lead to restrictions in all activities of a person’s daily life. 

These include activities of daily life, education, work, 
play, leisure, and social participation [3].

Multiple Sclerosis (MS), as a neurological disorder, is 
a progressive disease of the central nervous system char-
acterized by diffuse lesions in the brain and spinal cord 
that cause physical disabilities accompanying cognitive 
impairments. MS has various effects on different aspects 
of cognitive function, including attention, information 
processing efficiency, executive functions, processing 
speed, long-term memory, and visual perception [4]. 
Cognitive impairment also affects the patient’s behavior, 
social participation, adaptive strategies, and causes func-
tional limitations in the people’s performance that greatly 
affect their activities of daily living performances [5, 6].

A large cross-sectional study conducted in nine Europe-
an countries reported that only 35.8% of People with MS 
(PwMS) are employed. Low mood and cognitive prob-
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lems affect memory, attention, and information processing 
speed, which have been repeatedly reported for job-related 
problems. Among these, memory impairment is the most 
common cause of unemployment among PwMS [7]. Re-
cent research showed that 20% of PwMS have social cog-
nitive impairments and social cognitive impairment [8, 9] 
is significantly associated with the performance of other 
cognitive domains, such as working memory, information 
processing speed, and executable functions [10].

Cognitive impairment not only affects patients but also 
affects their relationships with their families and causes 
repeated complaints from caregivers [6]. Therefore, ac-
curate cognitive assessment is necessary for cognitive 
intervention, which should be prioritized along with 
other therapies [11]. Both the evaluation and interven-
tion processes are in a dynamic interaction that enables 
people to engage in the desired activities in the natural 
context. Cognitive function assessment in PwMS should 
be part of clinical practice as a result of clinical trials. 
Ideally, any patient diagnosed with MS should undergo 
a complete and precise neuropsychiatric evaluation and 
be re-evaluated regularly using standard and valid sets 
so that significant clinical changes can be documented 
as well as early intervention implemented. Therefore, it 
is necessary to select appropriate tools and methods for 
evaluation as an important process of the treatment [12]. 
Various methods are used for evaluation, including com-
puterized and functional evaluations [13].

Functional assessments result in more objective and 
qualitative outcomes [1]. Computerized tests, on the oth-
er hand, provide accurate scores [14]. Some evaluations, 
data collection, interpretation, and documentation of re-
ports may be ineffective as long as they rely on human 
observation and individual interpretation of the results. 
All of these operations can be performed more efficiently 
using a computer [15]. Most studies comparing comput-
erized and functional tests focus on scores and computer 
scores are more accurate than functional scores. Subjects 
may also take computerized tests faster [16]. On the 
other hand, some have suggested that people with fewer 
keyboard skills perform worse on computer-based tests 
[17]. In some cases, subjects spend more time on com-
puter tests than on functional tests [18]. Also, the physi-
cal nature of the computer screen can lead to reduced 
performance compared to performance tests, which can 
be attributed to additional information processing [19]. 
Day by day, many tests turn into computer tests, because 
accurate measurements are always more desirable and 
documented than subjective measurements [20].

Given the importance of assessment in occupational 
therapy and the nature of some tests that require a special 
environment and conditions that may not be applicable 
in all cases, there is a need to use simpler available and 
alternative assessments and the value, power, and accu-
racy of different cognitive assessments tools should be 
assessed. This enables us to consider the results of the 
evaluation with high reliability.

In this study, we investigated the question of whether 
computer-based test results are correlated with the re-
sults of functional tests in patients’ cognitive abilities. 
Therefore, the correlation between cognitive perfor-
mance evaluation results in PwMS was examined in 
both computer-based and functional methods.

2. Materials and Methods

All participants were provided with the information 
sheet and ensured that their participation in the research 
is voluntary and they were able to withdraw from the 
study at any stage of the data collection process. Follow-
ing their consent, data were collected at the participant’s 
convenient time and day. All PwMS who provided con-
sent forms were included in the study.

Participants

In this cross-sectional study, 45 PwMS (36 women and 
9 men) under the age of 70 years from two clinical set-
tings specialized for these people, i.e., Hazrat Abolfazl 
Rehabilitation Clinic and MS Center in Isfahan were 
recruited. They were selected based on the following in-
clusion criteria: 1- willingness to participate in research, 
2-definitive diagnosis of MS by a neurologist, 3- EDSS 
score below 5 (diagnosed by a neurologist), 4-absence 
of intellectual disorders and fractures, 5-ability to work 
with a computer, 6- no use of corticosteroids medication 
28 days before the test [21, 22], 7- no history of other 
neurological diseases, 8- no addiction, and 9- the ability 
to give informed consent. 

The subjects were excluded if they did not complete 
the tests, or in the case of recurrence of the attack while 
completing the tests. In a consecutive manner, the par-
ticipants were randomly assigned to two groups 1 and 2. 
Group 1 was assessed by the Lowenstein Occupational 
Therapy Cognitive Assessment (LOTCA) at the first 
session and Cambridge Neuropsychological Test Auto-
mated Battery (CANTAB) in the second session, while 
the second group, was first assessed by CANTAB and 
then by LOTCA.
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Data collection

Data collection was conducted between 9 and 12 PM 
to avoid fatigue effects on the results. There were three 
tools for data collection, including:

A questionnaire to collect data on age, gender, educa-
tional level, employment status, marital status, family 
history, type of MS, the participant’s score in EDSS, and 
history of other psychological/physical disorders.

The Lowenstein Occupational Therapy Cognitive As-
sessment (LOTCA) test was used to assess functional 
cognitive abilities. LOTCA is a set of tests designed in 
1990 for occupational therapies to assess a person’s cog-
nitive processes and determine how well a person is able 
to perform his daily functional tasks [1]. It is applicable 
for patients with brain injury, stroke survivors, spinal 
cord injury, people with dementia, patients with brain tu-
mors, patients with central nervous system injuries, such 
as MS, people with mental illness, and children with 
learning disabilities. LOTCA test can be used for people 
aged 6 to 70 years old. 

The original LOTCA test included 20 subtests in four 
areas: awareness, participation, visuomotor organization, 
and thinking operations. However, LOTCA’s latest edition 
includes 26 sub-tests in six parts, including orientation, vi-
sual perception, space perception, motion proxy, visuomo-
tor organization, and thinking operations. The orientation 
subtest consists of two items: temporal and spatial orienta-
tion, each of which is scored between 1 and 8. A higher 
score on this test indicates better performance of the ori-
entation. LOTCA’s visual perception test includes four 
items: a person’s ability to identify images of everyday 
objects, images of objects from unusual angles, overlap-
ping images, and spatial relationships between objects, all 
of which are rated between 1 and 4. A higher score indi-
cates a person’s better performance in visual perception. 

The LOTCA’s space perception subtest the LOTCA's 
space perception subscale includes three items to assess 
the ability to distinguish between right and left, and to 
determine the spatial relationship between objects and 
oneself.. All three test items in this section are scored 
between 1 and 4, and a higher score in this section in-
dicates a person’s better performance in spatial percep-
tion. LOTCA’s motor proxy test consists of three items: 
a person’s ability to imitate a movement, use objects, and 
perform symbolic actions. 

All three tests in this section are graded between 1 and 
4, and a higher score indicates a person’s better perfor-

mance in the motor proxy. LOTCA’s visual organiza-
tional subtest includes seven items: one’s ability to copy 
geometric shapes, produce a two-dimensional model, 
copy a color block design and design a simple block, 
build a puzzle, complete a pegboard, and draw a clock. 
All parts of the test are scored between 1 and 4, with a 
higher score indicating better performance in the visuo-
motor organization. 

The thinking operation subtest also includes seven 
items: classification test, logical questions, object clas-
sification, structural subtest, first pictorial ordering, sec-
ond pictorial ordering (if the patient scores 4 in the first 
pictorial ordering), geometric ordering, and the attention 
and concentration. Except for the first three items that 
are graded between 1 and 5, the rest of them are scored 
between 1 and 4, and the higher a person’s score in this 
section, the better the person’s performance in thinking 
operations [23]. The validity and reliability of this test 
were assessed in 1989 [1]. Construct validity of the Per-
sian version was assessed in 2009 [24]. In this study, we 
used the Persian version of LOTCA and all items of this 
test were used to collect information.

The CANTAB test is a set of computerized neuropsy-
chological tests developed at the University of Cam-
bridge that is used to assess the components of cognition, 
especially those associated with the anterior and middle 
temporal lobe and frontal lobe functions. This set consists 
of 22 neuropsychological tests in the cognitive domains, 
such as motor skills, visual attention, Visual/spatial mem-
ory, and working memory, decision-making, response 
control, executive function, and attention. The subject 
responds to the tests by touching the computer screen, 
and the results are scored by the computer. All tests were 
non-verbal and their validity has been supported [25]. 

The validity and reliability of this test were assessed in 
2006 for Central Nervous System (CNS) lesions, such as 
MS [26]. In this study, we used three tests from the set of 
CANTAB tests, including SSP (Spatial Span Test), SOC 
(Stocking of Cambridge), and DMS (Delayed Matching 
to Sample) tests. The SSP test evaluates working mem-
ory and short-term memory, which is a frontal lobe per-
formance evaluation. In the SSP test, there are six criteria 
that can be grouped into four categories: the number of 
correct answers, the number of errors, the number of at-
tempts, and the delay [27]. 

In this study, the score obtained from the number of 
correct answers was selected as the variable criterion. 
The higher the number of correct answers, the higher 
the score, which indicates better performance [1]. The 
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SOC test is about spatial planning, which encourages 
people to use problem-solving strategies as well as vi-
sual matching and perception of two sets of stimuli. The 
test also evaluates working memory and assesses the 
function of the frontal lobe. In the SOC test, there are 
four variables, including the ability to solve problems in 
the least movement, the average of 2, 3, 4, and 5 move-
ments to solve the problem, the delay in movement, 
and the amount of thinking time to solve problems [27, 
28]. In this study, the score of problem-solving ability 
in the least movement was selected as the criterion for 
change. The higher the number of correct answers in 
the smallest movement, the higher the score on the test, 
which indicates better problem-solving ability and bet-
ter performance [1]. The DMS test is primarily sensitive 
to damage to the middle temporal lobe area and then to 
entering projections from the frontal lobe. This test as-
sesses the ability to simultaneously match the vision and 
short-term memory for nonverbal patterns. In the DMS 
test, there are 14 variables that can be divided into three 
groups: response delay, the number and percentage of 
correct and incorrect answers, and theoretical measures 
to identify the response [25]. In this study, the number 
and percentage of correct answers were selected as the 
criterion for change. The higher the number of correct 
answers in the test, the higher the score that indicates 
better performance [1].

Statistical analysis

In this study, descriptive statistics, such as mean, stan-
dard deviation, and percentages were used to describe 
the data. The Kolmogorov-Smirnov test was used to test 
the normality of the data, the Pearson correlation test 
was used to examine the correlation between variables 
with normal distribution, and the Spearman correlation 
coefficient for non-parametric data. The significance 
level was considered to be 0.05. SPSS software version 
23 was used to analyze the data.

3. Results

A total of 63 people diagnosed with MS participated 
in this study. After evaluating them according to the cri-
teria, 48 cases met the criteria and entered the study. Of 
these, three individuals did not complete all the assess-
ments and were excluded. Forty-five people (36 women 
and 9 men) with an average age of 40 years (ranging 
from 19-69 years old) completed all assessments. While 
the education level of participants ranged from below the 
diploma to above the bachelor’s degree, most of them 
(more than 73%) had a bachelor’s or master’s degree. 
About 38% of the subjects were employed, of whom 

13% were students. This may indicate that there are not 
many jobs for patients with the disease. Only 12 partici-
pants reported a history of the disease in their family. 
The type of MS in most of the participants was a relapse 
and remitting (RRMS). Less than 25% of their MS type 
was the primary and secondary progressive and progres-
sive-relapsing types.

Table 1 shows the results of the Spearman correlation 
coefficient between the LOTCA subscales and CAN-
TAB tests. According to Table 1, all three tests of the 
CANTAB well correlated with all six parts of the LOT-
CA test. The results included a very high correlation 
between “visual perception” and “delayed matching to 
sample’ (r=0.909), “spatial perception” and “spatial span 
test” (r=0.907), “visuomotor organization” and “Stock-
ing of Cambridge” (r=0.961), and “thinking operations” 
and stocking of Cambridge (r=0.835). It is worth noting 
that the “thinking operation” was highly correlated with 
all three CANTAB measures.

Multiple linear regression was calculated to model 
the relationship between the LOTCA subscales and the 
CANTAB test scores (SOC, SSP, and DMS). Table 2 
shows the intensity and relevance of the SOC scores to 
the LOTCA subscales.

Table 2 shows that the SOC scores had a significant 
positive correlation with all LOTCA subscales. How-
ever, it was more correlated with “visuomotor organiza-
tion” and “thinking operations”. For example, for a unit 
increase in SOC score, LOTCA’s “thinking operation” 
score increases by 1.539 points. The SOC scores had 
low but significant power to predict performance in ori-
entation, visual perception, spatial perception, and mo-
tor praxis while showing high and significant power to 
predict visuomotor organization and thinking operation 
in the LOTCA test.

Table 3 indicates that the SSP scores had a significant 
positive correlation with all LOTCA subscales. But its 
better correlations are with “Spatial perception”, “Visu-
motor Organization” and “thinking operations”, respec-
tively. For example, for a unit increase in SOC score, 
LOTCA’s “thinking operation” score increases by 1.7 
points. The SSP scores had low but significant power 
to predict performance in orientation, visual perception, 
and motor praxis while showing high and significant 
power to predict spatial perception, visuomotor organi-
zation, and thinking operation in the LOTCA test.

Table 4 indicates that the SSP scores have significant 
positive correlations with all LOTCA subscales. How-
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ever, it was more correlated with “thinking operations”. 
For example, for a unit increase in the DMS score, the 
“Thinking Operation” score increases by 0.165 points. 
The DMS scores had low but significant power to pre-
dict performance in orientation, visual perception, spatial 
perception, motor praxis, and visuomotor organization 
while showing higher and significant power to predict 
the “thinking operation” in the LOTCA test.

4. Discussion

In this study, the relations between six LOTCA sub-
tests were calculated by SOC, SSP, and DMS tests. In 
this section, the results of the performance evaluated in 
the orientation subtest were examined with control tests.

The “visual perception” subtest showed the most cor-
relation with the DMS test in CANTAB. The DMS test 

evaluates visual adaptation and short-term memory. It is 
sensitive to the inputs from the medial temporal lobe and 
frontal lobe [29]. Therefore, according to the results, it 
can be concluded that the DMS test has good potentia-
tion to evaluate the factors of visual perception items in 
LOTCA. The LOTCA’s “vision perception” subtest also 
is highly correlated with SSP and SOC, respectively. 

The “orientation” subtest of the LOTCA showed the 
greatest correlation with the DMS test. Therefore, the 
DMS test has good potential to evaluate the “orienta-
tion” in the LOTCA test, which includes the temporal 
and spatial orientation. LOTCA’s “orientation” subtest 
also showed relatively good correlations with the other 
two CANTAB tests.

The “spatial perception” test showed the most correla-
tion with the SSP test in CANTAB. The SSP test evalu-

Table 1. Correlation between LOTCA subscales and CANTAB tests

LOTCA Subscales SOC SSP DMS

Orientation r=0.373, P=0.012 r=0.395, P=0.007 r=0.672, P<0.001

Visual perception r=0.365, P=0.014 r=0.483, P=0.001 r=0.909, P<0.001

Spatial perception r=0.477, P=0.001 r=0.907, P<0.001 r=0.378, P=0.010

Motor praxis r=0.509, P<0.001 r=0.572, P<0.001 r=0.830, P<0.001

Visumotor organization r=0.961, P<0.001 r=0.598, P<0.001 r=0.358, P=0.016

Thinking operation r=0.835, P<0.001 r=0.701, P<0.001 r=0.654, P<0.001

LOTCA: Loewenstein Occupational Therapy Cognitive Assessment; SOC: Stocking of Cambridge ; SSP: Spatial Span Test ; DMS: 
Delayed Matching to Sample

Table 2. Prediction power of the SOC scores to the LOTCA subtests 

LOTCA Subscales/SOC Co-Efficient 95% Confidence
Interval Standard Error P

Orientation 0.098 0.030 – 0.166 0.034 0.006

Visual perception 0.209 0.064 – 0.354 0.072 0.006

Spatial perception 0.315 0.162 – 0.468 0.076 <0.001

Motor praxis 0.332 0.162 – 0.503 0.085 <0.001

Visumotor organization 1.436 1.306 – 1.556 0.065 <0.001

Thinking operation 1.539 1.278 – 1.799 0.129 <0.001
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ates working memory and short-term memory, as an as-
sessment of the frontal lobe function [27]. Therefore, it 
can be concluded that the SSP test has a high potential 
for evaluating the factors considered in the “spatial per-
ception” subtest of the LOTCA. Also, the “spatial per-
ception” test has high correlations with SOC and DMS 
after SSP, respectively.

The “motor praxis” test showed more correlation with 
the DMS test. Thus, the DMS test has a high power to 
evaluate the motor praxis subtest of LOTCA. Also, the 
LOTCA motor praxis test showed high correlations with 
SSP and SOC, respectively. The results showed that us-
ing each of the three subtests (SOC, SSP, and especially 
DMS tests) can predict one’s function in motor praxis.

The “visuomotor organizational” subtest showed the 
greatest correlation with the SOC test. The SOC test as-
sesses spatial planning, which encourages people to use 
problem-solving strategies as well as visual matching 
and perception of two sets of stimuli. The test also eval-
uates working memory and the function of the frontal 
lobe [26]. Therefore, the SOC test has a high power to 
evaluate the “visuomotor organization” item. Also, the 

visuomotor organization test showed high correlations 
with SSP and DMS, respectively.

The “thinking operation” subtest showed the highest 
correlation with the SOC test. Therefore, the SOC test 
has also good conditions for evaluating the factors of the 
“thinking operation”. Also, the “thinking operation” test 
showed high correlations with the SSP and DMS tests, 
respectively. Analysis of the results of the LOTCA and 
CANTAB tests in the evaluated MS subjects showed 
that all six subtests of the LOTCA test are in good con-
vergence with the CANTAB tests.

According to these findings, there were good corre-
lations between the functional test of LOTCA and the 
computerized test of CANTAB in PwMS. These find-
ings suggest that computer evaluation tools can also 
well predict performance capabilities. In 2007, Scherer 
reviewed several functional tests to measure cognitive 
function in patients with MS, stating that since time and 
cost savings are always important, therapists must select 
the best cognitive test to address each patient’s problem 
[30]. Given this issue and the results of the present study, 
which showed high correlations and predictive power 

Table 3. Prediction power of the SSP scores to the LOTCA subtests

LOTCA Subscales/SSP Co-Efficient 95% Confidence
Interval Standard Error P

Orientation 0.140 0241 – 0.308 0.050 0.008

Visual perception 0.352 0.144 – 0.560 0.103 0.001

Spatial perception 0.722 0.573 – 0.872 0.074 <0.001

Motor praxis 0.506 0.257 – 0.754 0.123 <0.001

Visumotor organization 1.279 0.747 – 1.874 0.273 <0.001

Thinking operation 1.702 1.100 – 2.303 0.298 <0.001

Table 4. Prediction power of the DMS scores to the LOTCA subtests

LOTCA Subscales/SSP Co-Efficient 95% Confidence
Interval Standard Error P

Orientation 0.028 0.020 – 0.036 0.004 <0.001

Visual perception 0.072 0.061 – 0.083 0.005 <0.001

Spatial perception 0.041 0.016 – 0.066 0.012 0.002

Motor praxis 0.085 0.069 – 0.0101 0.008 <0.001

Visumotor organization 0.095 0.030 – 0.160 0.032 0.005

Thinking operation 0.165 0.099 – 0.232 0.033 <0.001
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between the two computerized and functional tests, it 
can conclude that the use of both types of tests can be a 
priority in certain circumstances. 

As mentioned earlier, computer tests provide more ac-
curate quantitative results [14], they are cheaper and less 
time-consuming, but may be more stressful [31]. How-
ever, the level of participation in participation in com-
puter tests is higher [14, 16]. Some researchers suggest 
that because of the physical nature of the screen, which 
requires more information processing [19] or fewer key-
board skills [17], people’s participation in functional tests 
is higher than in computer tests. The most important point 
is how to score on computer and performance tests. Func-
tional tests are scored by humans and it is affected by 
human factors and many other mental conditions of the 
examiner, which can affect an individual’s reported score, 
whereas, in computerized tests, human is not involved in 
scoring, and the subject gets an accurate score [32]. As 
Noyes stated in 2008 [33], the results of the correlation 
between computer and functional tests show contradic-
tory results. Some studies have emphasized the existence 
of high convergence, and some have indicated a lack of 
convergence. This issue needs further investigation.

5. Conclusion

According to the results of the present study, in order 
to evaluate cognitive disorders and in cases where func-
tional tests are not available or a person is unable to use 
them due to functional limitations, computer tests can be 
used instead of functional tests. Finally, given the size of 
the sample and other limitations, this study may be con-
sidered as a primary study, and to examine these results 
more precisely, studies with larger sample size and more 
facilities are suggested.
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