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Abstract.	 [Purpose] The purpose of this study was to verify the validation and usefulness of an online cognitive 
examination system to measure the degree of cognitive deficits of stroke patients. [Subjects] To verify the useful-
ness of the online examination system, thirty-one stroke patients and twenty normal, healthy volunteers as an age-
matched control group were recruited. [Methods] The thirty-one stroke patients were classified into three groups 
according to the severity of their cognitive dysfunction. To evaluate the reliability of the online system we compared 
the results of our system with the results of the Korean version of the Mini-Mental Status Examination (MMSE-K). 
[Results] There were significant correlations between the results of the evaluation by the online-based system and 
those of MMSE-K, and there were also significant differences between patient subgroups and the control group. 
[Conclusions] We have investigated the usefulness of an online evaluation system and verified its effectiveness in 
the screening of patients for cognitive dysfunction.
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INTRODUCTION

Stroke can be a major cause of impaired cognitive ability. 
Cognitive issues cause impairments in attention, memory, 
perception and the ability to perform activities of daily living 
(ADL). Thus it is important to accurately evaluate the degree 
of cognitive impairment in these individuals in addition to 
developing an effective method of measuring cognitive 
dysfunction.

Cognition can be defined very broadly as the acquisition 
and use of knowledge1). It usually refers to the ability of 
the brain to process, store, retrieve and manipulate infor-
mation2). Based on this definition, cognitive examinations 
are assessments of the cognitive capabilities of patients. 
Moreover, they are widely used as standard practice in a 
number of professional fields such as the medical, educa-
tional and industrial areas. Traditionally, the most common 
use of cognitive examinations has been in clinical practice 
and in research examining neurological and neuropsychi-
atric disorders.

Various tests have been proposed to help evaluate 
cognitive ability including the Halstead-Raintan test, the 
Luria-Nebraska test, the revised Wechsler adult intelligence 
scale, etc3–5). However, these methods have the following 
drawbacks: i) the examinations are time-consuming, ii) 
errors frequently occur in scoring3), iii) the intervention of 
the evaluator can affect the results of the cognitive exami-

nation4), iv) storage problems occur because these tests are 
based on paper and pencil, and v) there is criticism that 
patients are not tested in a practical manner. Because of 
these issues, many of these methods are not widely used. 
The most commonly used cognitive dysfunction screening 
tool in medicine is the mini-mental state examination 
(MMSE) which was developed by Folstein et al., in 19756). 
This examination tool takes about 10 minutes.

To help overcome the drawbacks of the conventional 
tests, various computer-based examination tools including 
the Cambridge Automated Neuropsychological Test Battery 
(CAN-TAB)7), MicroCog (MC)8), etc9–11). have been 
proposed. The benefits of computer-based examinations are 
as follows: i) they make collection and storage of test data 
easy, ii) they have high accuracy and reliability in relation 
to the time spent on the test12–14), and iii) they reduce the 
intervention of the evaluator. However, these systems 
require specialized hardware and software and the VR-based 
system requires various equipment in addition to causing 
cyber sickness, vomiting and disorientation problems11). 
These drawbacks make them unsuitable for clinics on a 
restrictive budget and for patients who are assessed at 
multiple departments including neuropsychiatry, neurology 
and rehabilitation clinics.

To overcome these drawbacks and to construct a system 
which is free from the constraints of the time and place of the 
examination, an online cognitive examination system may 
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be beneficial. The merits of the online system include the 
ability to collect large amounts of data, minimal constraints 
of time and place, and reduced cost, because they do not need 
additional hardware and/or software equipment. Therefore 
we have compiled an online cognitive examination system 
and verified it’s usefulness and effectiveness, by comparing 
it with the Korean version of Mini-Mental Status Exami-
nation (MMSE-K)15).

SUBJECTS AND METHODS

To verify our online-based cognitive examination system, 
fifty-two patients with stroke were recruited. However, 
twenty-one patients were excluded because they did not 
give their informed consent to this study had other neuro-
logic illnesses. Therefore, fifty-one participants (thirty-one 
post-stroke patients and twenty normal healthy volunteers) 
were recruited and enrolled in this study after providing their 
informed consent in accordance with the ethical standards of 
the Declaration of Helsinki. Out of the thirty-one post stroke 
patients, seventeen had cerebral infarction and thirteen had 
cerebral hemorrhage. All the patients were recruited from a 
rehabilitation hospital in Daegu, Korea.

All of the participants performed the MMSE-K exami-
nation and the thirty-one post stroke patients were classified 
into three groups according to MMSE-K score: Group I of 
20 patients (≥24), Group II of 6 patients (20 –23), and Group 
III of 5 patients (≤19)16). The age range of the participants 
was 34–97, with a mean of 56.5 years. Participants were 
screened for history of neurologic illness or head injury, 
developmental disorders, aphasia, dyslexia and the ability to 
stay in a sitting posture. Moreover, twenty normal, healthy 
participants with no history of neurologic disorders were 
recruited as a control group. The mean age of control group 
was 55.5 years (Table 1).

To simplify the examination, we designed four multiple 
choice types of questions which show the most sensitive 
reactions in neuropsychology17). To minimize error due 
to individual language skills, all test stimuli consisted of 
nonverbal communication. The online-based examination 
consisted of four sections: Orientation, Attention, Memory, 
and Executive function. Moreover two language questions 
were included in each of the Attention and Executive 
function sections (Fig. 1). The characteristics and expla-
nation of each section are as follows.

The orientation section consisted of ten questions. We 
designed questions with various figures such as a hospital, 

toilet, season, person with a specific job, etc. To evaluate 
attention, we designed questions that included finding the 
number of specific digits and/or symbols among a display 
and finding specific information through a question. The 
attention section consisted of eight questions. Memory is 
defined as the ability to recall and register past information. 
The online system showed a figure for ten seconds to 
evaluate the short-term recall ability of the subjects. After 
the ten seconds, the figure disappeared and participants were 
requested to answer the questions. The memory section 
consisted of ten questions. Executive function is defined as 
the ability to control and/or manage a given situation such as 
planning, decision making, problem solving, etc. Therefore, 

Table 1.  General characteristics of the subjects

 
 

Normal control Patient groups (n=31)
(n=20) Group I (n=20) Group II (n=6) Group III (n=5)

Age (years) 55.2 ± 4.4 55.5 ± 10.4 57.5 ± 16.9 63.2 ± 10.1
Gender (male:female) 12:8 15:5 5:1 4:1
Hemiparesis side (left:right) 11:9 3:3 3:2
MMSE-K 30.00 ± 0.00 28.25 ± 1.71 22.17 ± 1.33 15.60 ± 2.30

※ Values are mean ± standard deviation.

Fig. 1.	 Examples of questions of the online-based 
system
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we designed various situations (e.g. cooking, finding proper 
tools, etc.) to evaluate ability. The execution function 
section consisted of eight questions. The Language section 
of 4 questions consisted of finding incorrectly spelled words.

Moreover, to minimize the intervention of the evaluator, 
we imposed a one-minute time limit on each question; after 
one minute, the system automatically switched to the next 
question. The examination was taken section by section 
in order of orientation, attention, memory and executive 
function. To eliminate any learning effect, the questions 
were presented randomly.

The online system is hosted on Apache, with My SQL, 
PHP, and Xpress Engine. The system consists of an adminis-
trator mode and user mode. In administrator mode, question, 
subject, figure, and user managements are possible. For 
the user, instructions and practice problems are provided. 
Therefore, before taking the cognitive examination, it is 
possible for users to obtain assistance, and instructions, and 
to practice problems.

The examination was performed at a quiet place without 
intervention. To learn how to take the examination and to 
solve the problems, participants were requested to solve 
practice problems before taking the actual examination. 
Moreover, during the practice test, if participants required 
further clarification of instructions, experts gave further 
instruction about the online system. After the practice test, 
fifty-one participants took the examination and retests were 
performed after two days to evaluate the reliability of the 
online system.

The examination results of the online system were 
compared with the results of the MMSE-K. The results of 
the MMSE-K were scored as follows: a maximum of ten 
points for orientation, six points for registration and recall, 
five points for attention, six points for execution, and three 
points for language. A one-way ANOVA was performed to 
analyze the differences between the results of the control 
group and patient groups in the online cognitive exami-
nation. Pearson’s correlation coefficient was used to analyze 
the correlation between the online system and MMSE-K, 
and both a Spearman rho analysis and Cronbach’s analysis 
were performed to evaluate the reliability of the online 
cognitive examination system and the internal consistency 
of the categories.

RESULTS

Table 2 compares the online cognitive examination 
system results of the test groups. The average scores of the 
control group, patient group I, group II and group III were 
38.45, 35.30, 28.17 and 22.20, respectively. The execution 
score of the control group was significantly higher than of 
the patient group I (p<0.05). Orientation, language function, 
attention, and execution scores of the control group were 
significantly higher than those of patient group II (p<0.05). 
The scores of all categories for the control group were 
significantly higher than those of patient group III (p<0.05). 
Orientation, attention and execution scores of patient group 
I were significantly higher than those of patient group II 
(p<0.05). The scores of all categories for patient group I were 
significantly higher than those of patient group III (p<0.05). 
The orientation score of patient group II was significantly 
higher than that of patient group III (p<0.05).

Table 3 shows the correlation results. Significant corre-
lations were found between each category score of online 
cognitive function test and the respective MMSE-K category 
score (p<0.01). Regarding the test-retest scores shown 
in Table 4, Test-retest was not statistically different. The 
Spearman rho coefficient was 0.720.

Table 5 shows the results of internal consistency according 
to the categories of the online system. Language (0.750) and 
execution (0.710) showed high internal consistencies, with 
values over 0.7. Moreover, memory, concentration, and 
orientation categories had values of over 0.6. That is, all of 
the topics satisfied the minimum criterion (>0.5) of internal 
consistency.

DISCUSSION

Various studies have evaluated the effectiveness of 
computerized cognitive systems, based on the response time. 
Conventional computerized tests of cognitive function have 
been based on written tests or need the intervention of an 
evaluator, and they have difficulties evaluating the cognitive 
dysfunction of elderly patients with physical limitations, 
because even elderly people, who do not have cognitive 
impairment, react slowly due to senility. Moreover, conven-
tional computerized tests through personal interviews 
are time consuming, expensive and require many profes-

Table 2.  Comparison of test categories between the patient groups and the control group

 
 Control Group (n=20)

Patient Groups (n=31)
Group I (n=20) Group II (n=6) Group III (n=5)

Orientation 10.00 ± 0.00 9.65 ± 0.75 8.67 ± 0.52*† 7.20 ± 1.30*†‡

Language 3.95 ± 0.22 3.55 ± 0.83 2.50 ± 1.05* 2.00 ± 1.87*†

Concentration 7.50 ± 1.00 7.10 ± 1.12 5.00 ± 1.26*† 3.75 ± .126*†

Memory 9.40 ± 0.68 8.65 ± 1.35 8.00 ± 1.67 6.00 ± 1.22*†

Execution 7.70 ± 0.57 6.35 ± 1.31* 4.00 ± 1.10*† 3.40 ± 0.55*†

Total Score 38.45 ± 1.67 35.30 ± 3.61* 28.17 ± 3.06*† 22.20 ± 2.17*†‡

※ p-values were calculated by ANOVA with post-hoc Scheffe and Dunnett T3 test. *p<0.05 vs. control group; 
†p<0.05 vs. group I; ‡p<0.05 vs. group II.
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sionals. Therefore, performing research with conventional 
computerized tests is costly and time consuming. The 
disadvantages of conventional tests are that the face-to-face 
testing environment exposes individuals to social pressure 
or embarrassment; in addition, the conventional tests do 
not accurately reflect the cognitive functions used in daily 
life. We could overcome these problems through the intro-
duction of an online test that enables objective evaluation 
of individuals’ cognitive dysfunction. In this way, social 
pressure and embarrassment that might be present in face-
to-face testing can be reduced18, 19). The intervention of an 
evaluator may also induce errors, affecting the test results.

An online system has many advantages: i) the elimination 
of the need for special hardware and software on a local 
computer20), ii) repeated use with no additional expense, 
which is ideal for testing very large samples21), iii) data 
collection with less error, because it does not require human 
transcription and data entries19, 21), and iv) it provides a 
method of collecting very large data samples quickly and 
easily21).

In addition, paper-based neuropsychological evaluations 
do not accurately reflect cognitive functions used in daily 
life. We could overcome this problem through task-solving 
of situations encountered in daily living. Moreover, we 
expect that online systems will simplify many problems 
associated with serial assessment and facilitate the spread of 
the clinical implementation of such online screening tools. 
The advantages of the online-based system can be summa-
rized as follows: i) it does not require specific hardware 
and/or software installation, ii) clinicians benefit from the 
continuity of record keeping, iii) it is possible to compare 

the prognosis of patients, based on the recorded information, 
and iv) telemedicine consultations are possible for case 
review, allowing many professionals to view and discuss 
findings simultaneously.

In this study, we verified the usefulness and effectiveness 
of an online system for evaluating cognitive dysfunction 
by comparing the online system and MMSE-K results of 
fifty-one participants (thirty-one post-stroke patients and 
twenty normal healthy people). The results show that there 
were no significant differences between the online system 
and MMSE-K, and the online system showed high test-retest 
reliability. These results are in agreement with the report by 
Luce who showed that online test systems are useful and 
effective in various fields22).

The computer skills of an individual and familiarity 
with the computer system can affect the examination 
score. Although, we did consider computer experience, 
our subject sample was too small to be a representative 
sample. Therefore, more studies are needed to evaluate the 
effect on the results of computer experience of patients with 
various diseases, including traumatic brain injury (TBI), 
Alzheimer’s, dementia, multiple sclerosis, etc.
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