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ABSTRACT

IS Multiple sclerosis (MS) is a disorder that involves the central nervous system. Cognitive
impairments in patients with MS have a direct and significant impact on their performance in the
activities of daily living, and hence their social participation is disrupted. Thus, exploring cognitive
domains can help us make clinical decisions and interventions. To cognitively rehabilitate these peo-
ple and estimate the relationship between cognitive performance (computer test and performance
test) and the level of participation, we should examine the correlation between these two domains.
This study aims to determine the correlation between social participation and two types of cognitive
assessments: computerized and functional.

The present study was a cross-sectional study, and sampling was done by available
sampling. The target population was patients with MS admitted to the MS center of Isfahan City, Iran,
provided that they met the inclusion criteria in the winter of 2021. Forty-five patients with MS (9 males
and 36 females) with an expanded disability status scale between 1 and 5 were selected by available
sampling. To assess their cognitive performance, Cambridge neuropsychological test automated battery
(CANTAB) and the Lowenstein occupational therapy cognitive assessment (LOCTA) functional test were
used. Also, the community integration questionnaire (CIQ) was used to determine the level of participa-
tion. The data were then processed with SPSS.

5T Based on the study results on the intensity and relationship between the measures, there is
integration in targeted activities with all measures of LOTCA and CANTAB. This measure had a signifi-
cant relationship with orientation, visual perception, and motor praxis from the LOTCA test and De-
layed matching to sample test (DMS) from the CANTAB test. Notable results include a high correlation
between home integration of the ClQ and the stocking of Cambridge test from CANTAB (r=0.353), and
social integration of the CIQ with the DMS from CANTAB (r=0.538), integration in purposeful and produc-
tive activities of the CIQ with the motor proxy from LOTCA (r=0.422).

[T According to the results, both tests have a high correlation with the CIQ. So, computer test,
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Introduction

ultiple sclerosis (MS) is a progressive

disease of the central nervous system

characterized by diffuse lesions or

plaques in the brain and spinal cord that

causes problems in cognitive function
[1]. Cognition is a mental activity or the process of ac-
quiring knowledge and understanding through thinking,
experience, and senses [2]. This activity is disturbed in
people with central nervous system involvement. As a re-
sult, cognitive disorders affect the performance of people
with MS [3]. Considering the impact of cognitive func-
tion on the life process of a person, the need for rehabilita-
tion in people with MS is important.

Rehabilitation is a process through which participation
and individual and environmental interactions can create
adaptation. In other words, rehabilitation consists of ap-
propriate measures to empower people with disabilities
to achieve and maintain their maximum physical, mental,
and social independence and full participation in all as-
pects of life [4]. Getting the person to participate in daily
activities is the basis of the rehabilitation process and its
goal. For this reason, it is very important to determine a
person’s level of participation in daily living activities [5].

In 2001, the World Health Organization (WHO) defined
the concept of participation as “Involvement in life situa-
tions” in the sense that a person participates in daily life
situations [6]. There are semi-structured and structured in-
terviews that along with other tools provide therapists with
information that estimates a person’s participation. In occu-
pational therapy, there are many tools and devices, among
which we can mention functional and computer tools, used
to predict and plan the rehabilitation process [7].

In people with MS, cognitive disorders have a direct
and great impact on their performance in daily living ac-
tivities. Aronson stated that MS greatly impacts people’s
performance and quality of everyday life, and one of the
destructive consequences of this disorder is job loss in
24% to 80% of these patients [8]. Therefore, examining
cognitive domains can help us in clinical decision-making
and interventions. Another positive result is earlier access
to the relationship between cognitive impairment and the
level of participation.

If the relationship between cognitive impairment and

participation is not determined well, a complete assess-
ment cannot be obtained, especially in matters related to

daily living activities. Another consequence is that an ef-
fective treatment plan that covers the impact of cognitive
impairment on participation is not created. Since improv-
ing people’s quality of life is important and necessary, the
researchers should find a tool that has a better and greater
relationship with the level of individual participation. This
tool provides us with reliable, practical, complete, and
quick results to realize the individual’s independence [9].

Computer and functional tools are used to assess the
cognitive disorders of people with MS. For this reason,
measuring these tools’ correlation with people’s level of
participation can be a great step towards improving the
quality of rehabilitation services and quality of life of
these people. In various studies, two computer and func-
tional tools have been examined and compared. Among
them, we can mention the loss of flexibility in computer
tests, the computer skills of people, and the high accuracy
of computer scores. For example, the time-consuming
performance tools have been discussed.

Considering all these things, this research aims to in-
vestigate the relationship between computer participa-
tion and functional tools so that the best decision can be
made in clinical matters according to different conditions.
Considering the impact of this disease on the individual’s
performance, it is important and necessary to find the an-
swer to which of these tools is a better representative or
predictor to determine the level of participation.

Materials and Methods

The current research is cross-sectional and of the cor-
relational type.

Statistical population

The study population comprised patients with MS ad-
mitted to Hazrat Abolfazl Rehabilitation Clinic and MS
Center of Isfahan City, Iran, who met the inclusion criteria
in the winter of 2020. The inclusion criteria included a
willingness to participate in the research, a definite diag-
nosis of MS by a specialist doctor, having an expanded
disability status scale (EDSS) scale score of 1 to 5 (di-
agnosed by a neurologist), lacking mental problems and
fractures, ability to work with a computer, not taking cor-
ticosteroids for 28 days before the test [10, 11], lacking a
history of other neurological diseases, not being addicted,
ability to give informed consent. The exclusion criteria in-
cluded not completing the tests and recurrence of attacks
while completing the tests.
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Initially, a pilot study was conducted on 15 people due to
the lack of a similar study. According to the data analysis,
the studied sample was 45 MS patients (36 women and 9
men) aged 19 to 69 years. Available non-probability sam-
pling (true experimental) was used. The way to choose
people was available probability sampling. In this study,
based on the participant’s inclusion criteria, they were
placed in one of the two groups by randomly choosing
from among two pieces of paper on which their group
name was written, one of which was an even and the other
was an odd one.

If the examiner randomly chooses the paper contain-
ing the odd number, the patient will be placed in the odd
group. In the first session, the patient would do the cam-
bridge neuropsychological test automated battery (CAN-
TAB) test, and in the second session, the patient would
do the loewenstein occupational therapy cognitive assess-
ment (LOTCA) test and answer the community integration
questionnaire. If the examiner chose a paper that contained
an even number, the patient would do the LOTCA test and
answer the community integration questionnaire in the first
session and do the CANTAB test in the second session.

Data collection tools

Data collection was done between 9:00 AM and 12:00
PM to avoid the effects of fatigue on the results. There
were four instruments for data collection:

Questionnaire: It is a questionnaire to collect data on
participants’ age, sex, education level, employment status,
marital status, family history, type of MS, EDSS score,
and history of other mental or physical disorders.

LOTCA Test: It is a set of tests designed for occupa-
tional therapists to evaluate a person’s cognitive processes
and determine how well a person can perform daily func-
tional tasks.

CANTAB Test: It is a set of computer neuropsychologi-
cal tests developed at Cambridge University and used to
evaluate cognitive components [12]. In this research, we
used 3 tests, spatial span test (SST), stockings of Cam-
bridge (SOC), and delayed matching to sample (DMS)
from the set of CANTAB tests.

DMS Test: This test evaluates the simultaneous visual
matching ability and short-term visual recognition mem-
ory for non-verbal patterns [13].
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SOC Test: It is related to spatial planning, which forces
people to use problem-solving strategies and match and
visual perception of two sets of stimuli.

SST Test: The test evaluates working memory and
short-term memory [14].

Community Integration Questionnaire: This question-
naire was designed to evaluate the level of participation in
home integration, social integration, and purposeful and
productivity integration activities in people with brain
damage [21].

In this research, three areas of the integration question-
naire, including home integration, social integration, and
purposeful activities integration, were measured with the
sub-tests of CANTAB and LOTKA’s cognitive test. The
scores of each test were obtained. The statistical data were
analyzed with SPSS software.

Results

According to the information obtained from the people
through the demographic questionnaire, the average, the
mean and standard deviation, and the minimum and max-
imum values of indicators are given for the quantitative
variables. For qualitative variables, their frequency and
percentage are reported. Information about the partici-
pants is provided in the following tables.

Due to the non-establishment of the normality assump-
tion for most of these measures, the Spearman correlation
coefficient should be used. The significance level of the
non-linear relationship between the two measurements is
0.05. Table 1 presents the results of the Spearman cor-
relation coefficient. The correlation coefficient value is
given in the first row for each house in the Table. The
probability value related to the linear correlation test of
two variables is provided in the second row (the number
in parentheses).

The required tests in this research

The DMS test is primarily sensitive to damage in the
medial temporal lobe area and then with some input from
the frontal lobes. This test evaluates simultaneous visual
matching ability and short-term visual recognition mem-
ory for non-verbal patterns. In the DMS test, 14 criteria
can be divided into 3 groups: response delay, the number
and percentage of correct and incorrect responses, and
theoretical measures in response detection directions [13].
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Table 1. The spearman correlation coefficient to investigate the correlation between LOTCA and CANTAB measures with the

community integration

Community Integration

Tests Measures . . . Purposeful Activities
Home Integration Social Integration .
Integration
Orientation 0242 (0.109) 0.464 (0.001) 0.382(0.010)
Visual perception 0.330(0.027) 0.488 (0.001) 0.367 (0.013)
Spatial perception 0.254 (0.092) 0.373(0.012) 0.216 (0.155)
LOTCA
Motion proxy 0.232(0.125) 0.473 (0.001) 0.422 (0.004)
Visual organization 0.289 (0.054) 0.275 (0.068) 0.127 (0.406)
Mental operation 0.346 (0.020) 0.357 (0.016) 0.236(0.119)
soC 0.353 (0.017) 0.227 (0.134) 0.125 (0.415)
CANTAB SST 0.336 (0.024) 0.301 (0.045) 0.210 (0.165)
DMS 0.345 (0.020) 0.538 (<0.001) 0.400 (0.007)

Archives of

Rehabilitation

Abbreviations: LOTCA: The Loewenstein occupational therapy cognitive assessment; CANTAB: Cambridge neuropsychological

test automated battery; SOC: Stockings of Cambridge; SST: Spatial span test; DMS: Delayed matching to sample.

This study chose the number and percentage of correct
and incorrect answers as the change criteria. The higher
the number of correct answers in the test, the higher the
percentage score. A higher score indicates better perfor-
mance [14].

The SOC test is related to spatial planning, which forces
people to use problem-solving strategies and match and
visual perception of two sets of stimuli. Also, this test
evaluates working memory and shows the frontal lobe’s
function. In the SOC test, there are 4 change criteria,
which include the ability to solve the problem in the few-
est moves, the average of 2, 3, 4, and 5 moves to solve
the problem, the amount of thinking time to solve prob-
lems with 2, 3, 4, and 5 moves, additional thinking time to
solve problems with 2, 3, 4 and 5 moves [13].

In this study, the score obtained from the ability to solve
the problem in the least movement was chosen as the cri-
terion of change. The higher the number of correct an-
swers in the smallest movement, the higher the score on
the test. A higher score indicates better problem-solving
ability and better performance [14].

The SST test evaluates working memory and short-term
memory, an assessment of frontal lobe function. In the
SST test, 6 measures can be grouped into 4 categories:
number of correct answers, errors, number of attempts,

and delay [13]. In this study, the score obtained from the
number of correct answers was chosen as the change
criterion. The higher the number of correct answers, the
higher the score. A higher score indicates a person’s better
performance [14].

Community integration questionnaire

This questionnaire is designed to evaluate the level
of participation in home integration, social integration,
and purposeful and productivity integration activities in
people with brain damage. This tool includes 15 items
completed by the person himself, the caregiver, or a fam-
ily member [1, 15]. This tool has also been used for pa-
tients with spinal cord injuries, orthopedic injuries, and
MS. This tool can be used in the evaluation process, dur-
ing the intervention, and during the follow-up after the
intervention. The validity and reliability of the commu-
nity integration questionnaire were conducted in 2012 by
Negahban et al. in Iran with 105 MS patients [16]. This
questionnaire includes the following items:

1. Home integration: It includes 5 items that show the
degree of independence of a person in performing daily
activities.

2. Social integration: It includes 6 items that show the
person’s social activity level in the last month.
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Table 2. Age status of the samples
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Variable Min

Max

Average Mean+SD

Age (y) 19

69

39.93 38.0+11.218

3. Purposeful activities integration: It includes 4 items
that measure productive activities.

The total score of 15 questions ranges from 0 to 29,
where the maximum score corresponds to the highest
level of integration, and the minimum score corresponds
to the lowest level of integration. The score of each ques-
tion is from 0 to 2. Score 2 indicates maximum integrity
in the relevant question, which is how most questions are
scored, except for the last 3 questions, which are scored
together and range from 0 to 5 [17].

According to Table 2, all the correlations between the
LOTCA and CANTAB tests with the community integra-
tion were positive, so with the increase in the score of one
measure, another measure also increases. The measure of
home integration had the most significant linear relation-
ship with the measures of LOTCA’s mental operation and
visual perception, respectively. Also, a significant correla-
tion was seen with all three measures of the CANTAB test.

Social integration had a significant positive relationship
with all LOTCA measures except visual organization and
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all CANTAB measures except SOC. Purposeful activities
integration also had a significant linear relationship with
orientation, visual perception, and motion proxy from
LOTCA’s test and only with DMS from CANTABs test.
In general, there is a correlation between these two tests of
community integration, and this test can be used, but this
connection is moderate and not strong.

Table 3 presents the intensity and direction of the rela-
tionship between CANTAB and LOTCA measures and
its prediction by the community integration test measures
with the help of linear regression.

According to Table 3, the measure of home integration
has a positive significant relationship with all measures
of LOTCA and CANTAB. Still, this relationship is sig-
nificant only with measures of the visual organization of
LOTCA and DMS. For example, for one unit increase in
the home integration score, on average, the DMS score
increases by 1.320 units. In other words, the coefficient of
home integration can be equivalent to the measure of the
visual organization from LOTCA’s test and DMS from
CANTAB’s test.

Table 3. Investigating the intensity and direction of the correlation of the measure of home integration with the measures of the

LOTCA and CANTAB tests

Tests Measures Home Integration Coefficient Confidence Interval 95% Standard Errors P
Orientation 0.037 -0.010-0.084 0.023 0.115
Visual perception 0.098 -0.001-0.196 0.049 0.052
Spatial perception 0.100 -0.014-0.213 0.056 0.083

LOTCA

Motion proxy 0.102 -0.023-0.227 0.062 0.106
Visual organization 0.311 0.029-0.594 0.140 0.032
Mental operation 0.319 -0.018-0.655 0.167 0.063
SocC 0.169 -0.023-0.362 0.095 0.083
CANTAB SST 0.118 -0.013-0.248 0.065 0.076
DMS 0.320 0.098-2.542 0.606 0.035
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Abbreviations: LOTCA: The Loewenstein occupational therapy cognitive assessment; CANTAB: Cambridge neuropsychological

test automated battery; SOC: Stockings of Cambridge; SST: Spatial span test; DMS: Delayed matching to sample
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Table 4 presents the results of examining the intensity
and direction of the correlation of the social integration
measure with all LOTCA and CANTAB measures. All
these relationships were positive, and all measures except
SOC had significant relationships.

Based on the investigation of the intensity and the direc-
tion of the correlation of the measures, Table 5 presents
the purposeful activities integration with all measures of
LOTCA and CANTAB. This measure had a significant
relationship with orientation, visual perception, and mo-
tion proxy from LOTCA’s test and DMS from CAN-
TAB’s test.

Discussion

Regarding the impact of MS on participation, Aronson
stated that MS greatly impacts people’s function and qual-
ity of daily life. He stated that one of the destructive con-
sequences of this disorder is job loss of 24% to 80% of
these patients [8].

Also, Taylor et al. compared the functional and com-
puter tests in a review of the articles of the last 15 years.
At first, they reviewed the primary research on this top-
ic. Based on these research studies, they stated that the
initial research on comparing computer and functional
tests mainly tended towards functional tests due to bet-
ter performance, accuracy, and participation. In the end,
they stated that due to the dispersion of research, it is very
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difficult to express the correlation between these two tests
and suggested more practical investigations [18].

Lashpin, in defense of computer tests, dealt with evalu-
ating the cognitive functions of MS patients. He stated
that because traditional methods, such as using functional
tests to evaluate patients, are time-consuming and diffi-
cult to obtain, it is better to use computer versions of the
tests [19]. In another study, Scherer researched several
functional tests to measure cognitive functions in patients
with MS. He stated that since time and cost savings are
always important, the best cognitive test should be chosen
for each of the problems of MS patients [20].

Willer B et al. used the community integration question-
naire to investigate the participation status of people with
traumatic brain injury after rehabilitation in New York
City. The study shows that this test is a good indicator
of the participation of people who have received rehabili-
tation services rather than those who have not received
them [21].

Based on our research, which was designed to measure
the relationship between two types of computer and func-
tional tests with the participation rate in people with MS,
these patients were selected according to the required cri-
teria. For this purpose, the valid and standard computer
test CANTAB was used as a computer tool, and the valid
and standard LOTCA test was used as a functional tool
to investigate the cognitive function in people with MS.

Table 4. Examining the intensity and direction of the correlation between the measure of social integration and the measures of

LOTCA and CANTAB tests

Tests Measures Home Integration Coefficient  Confidence Interval 95% Standard Error P
Orientation 0.088 0.038-0.139 0.025 0.001
Visual perception 0.204 0.099-0.310 0.052 <0.001
Spatial perception 0.153 0.021-0.285 0.065 0.024

LOTCA

Motion proxy 0.241 0.107-0.376 0.067 0.001
Visual organization 0.364 0.027-0.701 0.167 0.035
Mental operation 0.459 0.067-0.852 0.195 0.023
soc 0.221 -0.006-0.449 0.113 0.056
CANTAB SST 0.167 0.014-0.319 0.076 0.033
DMS 2.696 1.406-3.985 0.640 <0.001
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Abbreviations: LOTCA: The Loewenstein occupational therapy cognitive assessment; CANTAB: Cambridge neuropsychological

test automated battery; SOC: Stockings of Cambridge; SST: Spatial span test; DMS: Delayed matching to sample.

Faraji M, et al. (CANTAB) and (LOTCA) Correlation With Multiple Sclerosis Daily Life People RJ. 2023; 23(4):518-539




Archives of

Rehabilitation

Jnauary 2023. Vol 23. Num 4

Table 5. Examining the intensity and direction of the correlation of the purposeful activities integration measure with the LOTCA

and CANTAB test measures

Tests Measures Home Integration Coefficient Confidence Interval 95% Standard Errors P
Orientation 0.079 0.011-0.147 0.034 0.023
Visual perception 0.174 0.030-0.317 0.071 0.019
Spatial perception 0.102 -0.070-0.274 0.085 0.238

LOTCA

Motion proxy 0.247 0.071-0.423 0.087 0.007
Visual organization 0.216 -0.222-0.655 0.217 0.326
Mental operation 0.430 -0.074-0.933 0.250 0.092
SOC 0.162 -0.130-0.454 0.145 0.269
CANTAB SST 0.189 -0.003-0.381 0.095 0.054
DMS 2.259 0.477-4.042 0.884 0.014
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Abbreviations: LOTCA: The Loewenstein occupational therapy cognitive assessment; CANTAB: Cambridge neuropsychological

test automated battery; SOC: Stockings of Cambridge; SST: Spatial span test; DMS: Delayed matching to sample.

Also, the community integration questionnaire was used
to check the level of participation of people with MS in
daily life.

People were given information about how to complete
the tests and the questionnaire. Subsequently, people were
randomly classified into odd and even groups to avoid
tiredness, and the tests and the questionnaire completion
were done two times. After performing the tests, the data
were collected and analyzed.

The results indicate a relative and appropriate relation-
ship between the participation questionnaire and both
types of computer tests of CANTAB and functional tests
of LOTCA. According to the results, the community inte-
gration questionnaire showed a greater relationship with
the CANTAB computer test than with the LOTCA func-
tional test. By realizing this result, therapists can use com-
puter tests instead of functional tests.

The results of the reviews

Home integration shows the greatest convergence with
the SOC test in CANTAB. The SOC test is related to spa-
tial planning, which forces people to use problem-solving
strategies and match and visual perception of two sets of
stimuli. Also, this test evaluates working memory and
shows the frontal lobe’s function [14]. So, according to
the results, the SOC test measures the factors considered
in home integration better. After SOC, it has the highest

convergence with mental operations from the LOTCA
test, DMS, and SST from the CANTAB test.

Social integration has the highest convergence with
DMS from the CANTAB test. The DMS test evaluates
the ability to adapt vision and short-term memory and is
sensitive to medial and frontal temporal lobe inputs [14].
Therefore, according to the results, the DMS test is more
suitable for evaluating the desired factors in social inte-
gration. After DMS, it has the highest convergence with
visual perception, motion proxy, and orientation from the
LOTCA test.

Purposeful activities integration has the greatest conver-
gence with motion proxy from the LOTCA test. Motion
Pproxy assesses a person’s ability to imitate movement ac-
tions, use objects, and perform symbolic actions. There-
fore, according to the results, the motion proxy item is
better for evaluating the factors considered in purposeful
activities integration. Also, purposeful activities integra-
tion after motion proxy has the highest convergence with
DMS from the CANTAB test and orientation and visual
perception from the LOTCA test.

The results obtained from this research can be used to
advance previous studies. According to the results of this
research, which show a high convergence between two
computer and functional tests with the participation rate,
the use of both tests can be preferred in certain circum-
stances.
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As mentioned, computer tests provide more accurate re-
sults [20], and they are cheaper, but they may be stressful
and cause more fatigue for the person [23]. As the rate
of participation in computer and functional tests is dis-
cussed, some researchers stated that the rate of participa-
tion is higher in computer tests [22, 24]. Some say that
the physical nature of the screen requires more cognitive
processes [25] and fewer keyboard skills [26], and the
participation of people in functional tests is more than in
computer tests.

A very important point in this regard is the way of grad-
ing computer and functional tests. Human agents perform
functional tests. Many conditions, such as the way people
are graded, can affect the score obtained by a person,
while in computer tests, human factors are not involved in
scoring, and the person gets an accurate score [27].

Conclusion

According to the results of this research, which show a
good convergence between two computer and functional
tests with the participation rate, it can be said that the use
of both tests can be preferred in certain circumstances.
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1. Multiple Sclerosis

2. Central Nervous System

3. Attention

4. Executive Function

5. Long Term Memory

6. Roles

7. International Classification of Functioning, Disability and Health
(ICF)

8. Involvement in life situations

9. Semi Structured Interview
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12. True Experimental

13. The Lowenstein Occupational Therapy Cognitive Assessment
(LOTCA)

14. Katz

15. Orientation

16. Participation

17. Visumotor Organization

18. Thinking Operation
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19. Cambridge Neuropsychological Test Automated Battery
(CANTAB)

20. Spatial Span Test (SSP)

21. Delayed Matching To Sample (DMS)

22. Stocking Of Cambridge (SOC)

23. Medial Temporal Lobe Area

24. Frontal Lobes

25. Visual Matching Ability

26. Short-Term Visual Recognition Memory
27. Spatial Planning

28. Problem Solving

29. Working Memory
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30. The Community Integration Questionnaire
31. Home Integration

32, Social Integration

33. Productivity Integration

34, Spinal Cord Injury
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38. Spatial Span Test (SST)
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