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Abstract 

The current paper aimed to investigate the effectiveness of computer-based cognitive 

rehabilitation on cognitive flexibility and selective attention of high school students. A total 

of 30 high school students from Tehran were selected. The participants were randomly 

divided into two groups: experimental and control, using a convenience sampling method. 

The sample size for each group was determined to be 15, based on an effect size of 0.3, a 

power of 0.8, and an alpha of 0.05. The experimental group received 16 sessions of 45-

minute computer-based cognitive rehabilitation intervention. The control group received no 

intervention. Research tools included the Wisconsin Card Sorting Test (WCST) and Stroop 

Color Word Test (SCWT). The data were analyzed using multivariate analysis of variance 

(MANOVA) with SPSS 26 software. The results showed that there was a significant 

difference between the experimental and control groups in some components of cognitive 

flexibility and selective attention. The findings demonstrated that computer-based cognitive 

rehabilitation intervention was effective on cognitive flexibility and selective attention of 

high school students. 
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Introduction 

Three core executive functions include inhibition 

[inhibitory control, including self-control (behavioral 

inhibition) and interference control (selective attention 

and cognitive inhibition)], working memory (WM), and 

cognitive flexibility (also called set shifting, mental 

flexibility, or mental set shifting and closely linked to 

creativity). Higher-order executive functions, such as 

reasoning, problem solving, and planning, are built upon 

these core functions (Collins & Koechlin 2012, Lunt et al. 

2012). Working memory involves retaining information 

in mind and working mentally with that information 

(Baddeley & Hitch, 1994; Kent, 2016; Diamond, 2020). 

In particular, the main cognitive mechanisms that involve 

an individual's executive functions include planning, 

problem solving, verbal reasoning, task change, initiation, 

cognitive flexibility, control, action monitoring, attention, 

and working memory (Wiest et al., 2020). Studies have 

shown that deficiencies in executive functions can persist 

at older ages and make it more difficult for students to 

complete homework and social work. Therefore, early 

diagnosis and intervention is essential to solve the 

problems of these students (Sonuga-Barke et al., 2002;  

Valera & Seidman, 2006; Mccloskey et al., 2008)  

Cognitive flexibility is a vital component of executive 

function that facilitates self-regulation and critical 

thinking (Zhang et al., 2018). Cognitive flexibility is the 

ability to modify thinking and behavior in response to 

changing environmental conditions (Leber et al., 2008). 

Cognitive flexibility has been described as the capacity to 

shift attention and thinking among different tasks or 

functions, especially in response to needs and changes in 

rules (Miyake et al., 2000). It also is described as the 

ability to transition one's mind from old to new situations, 

to overcome common responses or thoughts, as well as to 

adapt to new situations (Moore & Malinowski, 2009; 

Deák, 2003). When sorting cards according to special 

rules, those are considered cognitively flexible if the 

person can sort the cards simultaneously based on the 

color of objects and the type of objects on the card. In 

general, cognitive flexibility is defined as the ability to be 
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aware of and use all possible options simultaneously in 

specific situations (Martin & Rubin, 1995). Cognitive 

flexibility is also part of the multiple classifications 

originally described by Jean Piaget. In multiple task 

classification, participants (primarily children in whom 

the skill has been developed or are developing the skill) 

should classify objects in different ways and think about 

them flexibly at the same time (Cartwright, 2002) and it 

is also associated with other cognitive abilities such as 

fluid intelligence, reading ability and comprehension 

(Colzato et al., 2006). In general, researchers in this field 

generally focus on the development of cognitive 

flexibility between the ages of three and five (Zelazo & 

Frye, 1998).  

Attention is one of the most important functions of the 

mind and a core component of the cognitive structure that 

plays an important role in intelligence, memory and 

perception. Attention deficit is one of the main causes of 

learning disabilities, especially mathematical disabilities 

(Valera & Seidman, 2006).  Selective attention refers to 

the processes that enables an individual to focus on 

particular input for further processing while 

simultaneously suppressing irrelevant or distracting 

information (Lamers et al., 2010). In clinical evaluations 

of cognitive neuroscience, this test is considered reliable 

and useful (Lezak et al., 2004). However, cognitive 

flexibility and selective attention are broad concepts that 

can be studied at all ages and in different situations; Thus, 

according to research, there is a developmental 

progression from childhood to adulthood, with tasks 

ranging from simple to more complex. Cognitive 

rehabilitation refers to a wide range of evidence-based 

interventions (Cicerone et al., 2019; Cicerone et al., 

2011). Kesler and Lacayo (2011) demonstrated that the 

computer-based cognitive rehabilitation program 

significantly increased processing speed, cognitive 

flexibility, verbal cognitive memory scores and vision, 

and also played a significant role in increasing the 

activity of the prefrontal cortex. Cognitive rehabilitation 

is a way to improve health-related features to restore lost 

cognitive capacity by providing targeted stimuli and 

specific exercises (Montoya-Murillo et al., 2020).  This 

method includes a set of programs designed to train the 

brain with the aim of promoting mental and neurological 

functions (Maggio, 2019).  

Computer-based cognitive rehabilitation is the result of 

integrating the findings of cognitive neuroscience and 

information technology based on the principle of brain 

flexibility. Its ultimate goal is to enhance individual 

functioning by improving perception, attention, memory, 

problem solving, alertness, flexibility and 

conceptualization (Cicerone et al., 2019). Among the 

types of cognitive rehabilitation, computer-based 

cognitive rehabilitation is more cost-effective than 

traditional face-to-face methods (Kurz, 2019).  

Accordingly, the necessity of using intervention programs 

to improve students' flexibility, selective attention and 

academic achievement is evident. Hence, computer-based 

cognitive rehabilitation can play a significant role in 

improving students' cognitive flexibility and selective 

attention. Therefore, the main objective of the study was 

to examine the effectiveness of computer-based cognitive 

rehabilitation on cognitive flexibility and selective 

attention. While we expected the experimental group to 

have different capacities in terms of flexibility and 

selective attention after exposure compared to the control 

group, we predicted that the gap between the two groups 

would be reduced to such an extent that the difference 

could be easily ignored. 

Method  

Participants 

This quasi-experimental, applied research used a 

pretest/posttest design with a control group. The 

statistical population included all male high school 

students in the 10th and 11th grades from the 17th 

district of Tehran who were studying during the 2020-

2021 academic year. A sample of 30 students meeting 

the inclusion criteria was selected for the study. The 

subjects were randomly assigned to either the 

experimental or control group, with 15 students in each 

group. To prevent information exchange between the 

groups, the experimental group was chosen from one 

school and the control group from another school with 

similar cultural, social, and educational levels, ensuring 

no relationship between the two groups.I nclusion 

criteria include: aged 15 to 17, not receiving 

psychological and rehabilitation interventions 

simultaneously with the implementation of the present 

study, consent and cooperation of students and their 

parents. The research exclusion criteria include: 

withdrawal from the study, unpreparedness and full 

consent to participate in Intervention sessions and 

absenteeism was more than 2 sessions.  

Instrument 

The tools used in this research were the Wisconsin Card 

Sorting Test (WCST) and the Stroop Color and Word 

Test (SCWT). The computerized cognitive 

rehabilitation intervention was implemented using the 

Captain's Log MindPower Builder, 2020 version. 

Procedure 

Participants in the experimental and control groups were 

pre-tested during the first session and both groups were 

evaluated individually by The Wisconsin Card Sorting 

Test (WCST) and The Stroop Color and Word Test 

(SCWT). Then, the experimental group received 16 

sessions for 8 consecutive weeks, 2 sessions per week, 

and each session lasted 45 minutes of computer-based 

cognitive rehabilitation, and the control group did not 

receive any intervention. At the end of the sessions, 

participants were evaluated using Wisconsin Card 

Sorting Test (WCST) and Stroop Color Word Test 

(SCWT). 

The Wisconsin Card Sorting Test (WCST) was first 

developed by Grant Berg in 1948 to evaluate abstract 

reasoning, concept formation and strategies for 

responding to changing conditions (Nyhus & Barceló, 
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2009). It is one of the most well-known 

neuropsychological tests that measures cognitive 

flexibility, problem solving, abstract reasoning, and 

sustained attention. Initially, the test was designed to 

assess normal reasoning and abstract thinking in adults, 

but researchers later found it useful for studying 

cognitive impairments. WCST shows sensitivity to 

neurological conditions such as chronic alcohol 

consumption, frontal cortex lesions and psychiatric 

disorders (Lezak, 2012).   The reliability estimates for 

the number of correct sorts, categories, and 

perseverative errors fall into the desirable range (rel ≥ 

.90) (Kopp et al., 2021). 

In the WCST, the target cards are sorted according to 

three categories: color, number, and shape (Wang et al., 

2001). In the current paper, we used a 64-card computer 

version of the WCST to assess cognitive flexibility. By 

pressing one of the four keys (B, N, M and V) on the 

computer keyboard, individuals must match the answer 

cards to the four stimulus cards at the top of the screen 

fixed according to the three categories: color, number, 

and shape. Individuals must determine the correct 

sorting principle and change that principle when the test 

changes (Zhang et al., 2018). The Stroop 

Color and Word Test (SCWT) was developed by John 

Ridley Stroop in 1935 to assess selective attention and 

cognitive flexibility as well as the ability to shift 

cognitive sets (Spreen & Strauss, 1998). The SCWT 

provides a measure to assess of mental flexibility and 

the ability to inhibit the dominant response (Wecker et 

al., 2000). In order to check the reliability of Wisconsin 

cards, the internal consistency (Cronbach's alpha 

coefficient) was calculated as 74% (Shahgholian et al., 

2012).  

Results  
Multivariate analysis of variance (MANOVA) was used 

to evaluate the effectiveness of computer-based 

cognitive rehabilitation on cognitive flexibility. The 

normality hypothesis was tested using Shapiro-Wilk 

Test. The results showed normality of all components of 

cognitive flexibility in the distribution of scores (P> 

.05). Another assumption of multivariate analysis of 

variance is the homogeneity of variances between the 

two groups. Levene's test results showed the variances 

of the two groups were homogenous in both the right 

and wrong components (P: .01); however, the variance 

of the two groups is not homogenous in the 

perseveration component. Nevertheless, since the 

number of participants in the experimental and control 

groups is equal, there is no limitation on the use of 

multivariate analysis of variance. Box’s M test (Box’s 

M: 28.114, F(6.3680.302): 4.137, Sig:.001) is significant, i.e. 

the matrix of covariance’s of the two groups is not 

equal. Therefore, multiple Wilks Lambda statistic was 

used. Wilks Lambda statistic was effective (Wilks' 

Lambda: .280, F (Hypothesis df: 3, Error df: 26): 22.327, Sig .: 

.001, Partial Eta Squared: .720 ). Computer-based 

cognitive rehabilitation is significant on the linear 

composition of cognitive flexibility components and the 

effect of experimental computer cognitive rehabilitation 

intervention on the linear composition of cognitive 

flexibility components is equal to ./720 which is a high 

level. Therefore, there is a significant difference 

between the experimental and control groups in at least 

one of the components of cognitive flexibility. Table (2) 

shows the results of comparing the components of 

cognitive flexibility. 

 

Table 1. Mean and standard deviation of experimental and control groups in cognitive flexibility components 

 

Experimental Group Control Group 

Mean SD Mean SD 

Total correct responses 
Pretest 40.40 6.613 40.67 3.200 

Posttest 40.20 2.757 39.73 2.815 

Total responses errors 
Pretest 11.07 3.654 14.80 6.281 

Posttest 5.87 3.021 18.20 4.799 

Perseverative errors 
Pretest 1.07 0.884 2.87 2.949 

Posttest 0.27 0.594 3.93 2.374d 

Table 2. Analysis of variance to compare experimental and control groups in cognitive flexibility components 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. Partial Eta Squared 

Group 

Total correct responses 1.633 1 1.633 .210 .650 .007 

Total responses errors 1140.833 1 1140.833 70.964 .000 .717 

Perseverative errors 100.833 1 100.833 33.665 .000 .546 

Error 

Total correct responses 217.333 28 7.762    

Total responses errors 450.133 28 16.076    

Perseverative errors 83.867 28 2.995    
 

According to Table 2, there is a significant difference 

between the experimental and control groups in terms of 

two components: incorrectness and perseveration. 

According to Table 1, the mean of the experimental 

group is lower than that of the control group in both the 

"incorrectness" and "perseveration" components. The 

effect of computer-based rehabilitation intervention on 

the component at perseveration is 0.546 on average and 

on the incorrectness component is 0.717 above average. 

There is no significant difference between the 

experimental and control groups in terms of the correct 

component.
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Table 3. Mean and standard deviation of experimental and control groups in selective attention components 

 

Experimental Group Control Group 

Mean SD Mean SD 

Congruent experimental time 
Pretest 47.60 6.998 48.73 7.275 

Posttest 38.33 4.952 50.60 5.329 

Incongruent experimental time 
Pretest 51.87 9.141 52.27 9.051 

Posttest 40.40 5.316 53.80 5.955 

Congruent error number 
Pretest 0.47 0.834 0.73 1.438 

Posttest 0.53 0.743 0.13 0.352 

Incongruent error number 
Pretest 1.13 1.457 2.13 3.314 

Posttest 0.72 0.589 2.27 2.219 

Congruent RT 
Pretest 994.47 142.114 1013.53 136.449 

Posttest 816.80 84.157 1045.67 100.565 

Incongruent RT 
Pretest 1077.53 176.045 1076.87 164.412 

Posttest 835.93 100.651 1100.47 87.169 

Interference score 
Pretest 1.07 2.404 1.93 2.963 

Posttest 0.13 1.125 2.60 3.043 

Interference time 
Pretest 83.07 63.510 63.33 63.030 

Posttest 39.40 23.829 45.87 50.756 
 

Multivariate analysis of covariance (MANCOVA) was 

used to compare the experimental and control groups in 

the components of selective attention. The normality 

hypothesis was investigated using Shapiro-Wilk Test. 

The results showed normality of all components of 

selective attention in the distribution of scores (P> .05). 

Another multivariate analysis of variance hypothesis is 

the homogeneity of variances of the two groups, that 

Levene's test results showed the components of 

homogeneous test time, heterogeneous test time, 

homogeneous response time and heterogeneous response 

time, the variances of the two groups are equal. (P: .05). 

However, the variances were not equal for the 

components of the number of heterogeneous errors, 

interference score, and time of variance. Since the 

number of participants in the experimental and control 

groups is equal, there is no limitation on the use of 

multivariate analysis of covariance. Interference score 

pretest was used as an auxiliary variable. Regression 

homogeneity was also established. (Sig<0.5), Box’s M 

test (Box’s M: 158.411, F(36.2638.045): 3.022, Sig:.001) is 

significant, i.e. the matrix of covariance’s of the two 

groups is not equal. Therefore, multiple Wilks Lambda 

statistic was used. Wilks Lambda statistic was effective 

(Wilks' Lambda: .257, F (Hypothesis df: 3, Error df: 26): 22.327, Sig 

.: .001, Partial Eta Squared: .743 ). Therefore, the 

effectiveness of computer-based cognitive rehabilitation 

on the linear composition of selective attention 

components is significant and the effect size of 

experimental computer-based cognitive rehabilitation 

intervention on the linear composition of selective 

attention components is .720, which is high level. 

Table 4. Analysis of variance to compare experimental and control groups in selective attention components 

Source Dependent Variable 
Type III Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Partial Eta 

Squared 

Covariate 

variable 

Congruent experimental time 22.195 1 22.195 .834 .369 .030 

Incongruent experimental time 20.980 1 20.980 .650 .427 .024 

Congruent error number .057 1 .057 .163 .690 .006 

Incongruent error number 3.201 1 3.201 1.224 .278 .043 

Congruent RT 3418.913 1 3418.913 .389 .538 .014 

Incongruent RT 3440.789 1 3440.789 .380 .543 .014 

Interference score 2.260 1 2.260 .421 .522 .015 

Interference time 1303.332 1 1303.332 .824 .372 .030 

Group 

Congruent experimental time 1047.583 1 1047.583 39.353 .000 .593 

Incongruent experimental time 1256.672 1 1256.672 38.954 .000 .591 

Congruent error number 1.085 1 1.085 3.113 .089 .103 

Incongruent error number 15.093 1 15.093 5.772 .023 .176 

Congruent RT 370521.500 1 370521.500 42.154 .000 .610 

Incongruent RT 497066.096 1 497066.096 54.831 .000 .670 

Interference score 41.181 1 41.181 7.664 .010 .221 

Interference time 133.403 1 133.403 .084 .774 .003 

Error 

Congruent experimental time 718.738 27 26.620    

Incongruent experimental time 871.020 27 32.260    

Congruent error number 9.410 27 .349    

Incongruent error number 70.596 27 2.615    

Congruent RT 237320.821 27 8789.660    

Incongruent RT 244765.878 27 9065.403    

Interference score 145.073 27 5.373    

Interference time 42712.002 27 1581.926    
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Table (4) shows that there is a significant difference 

between the experimental and control groups in terms of 

mean components of homogeneous test time, 

heterogeneous test time, number of heterogeneous 

errors, homogeneous response time, heterogeneous 

response time and interference score. According to table 

3, the mean of the experimental group in these 

components is lower than that of the control group. The 

effect size of the computer-based cognitive 

rehabilitation intervention on the homogeneous test time 

component was 0.593 above average, on the 

homogeneous test time component was 0.591 above 

average, on the homogeneous error number component 

was 0.176 on the low level, on the homogeneous 

response time component was 0. 610 is above average 

on the homogeneous response time component 0.670 is 

above average and on the interference score component 

is 0.221 on the low. Notably, there is no significant 

difference between the two groups in the components of 

the number of homogeneous errors and the time of 

interference. 

Discussion 
The current paper aimed to evaluate the effectiveness of 

computer-based cognitive rehabilitation on cognitive 

flexibility and selective attention of high school 

students, with the intention of determining its potential 

use in educational and rehabilitation interventions. The 

findings indicated a significant effect size for a 

computer-based cognitive rehabilitation program 

(Mansbach et al., 2017).  Kotwal, Burns & Montgomery 

(1996) observed significant behavioral changes by 

reinforcing on-the-job behavior and reducing 

destructive behaviors at school using the Brain Train / 

Captain’s Log computer-based cognitive rehabilitation 

program. Little is known about the effectiveness of 

computer-based cognitive rehabilitation in the school 

environment. Wiest, Wong, Bacon, & Rosales (2020) 

examined the effect of computer-based cognitive 

rehabilitation on 17 participants from a school for 

students with different learning abilities. 9 students 

participated in a computer-based cognitive rehabilitation 

program for 20 hours while the remaining 8 students did 

not participate in this training. Pretest and posttest 

differences showed that auditory working memory 

ability was significantly improved only for those who 

received the training program. These results provide 

initial support for the effectiveness of computer-based 

cognitive training in the school environment to improve 

working memory. Combining computer-based cognitive 

rehabilitation with other techniques may be beneficial 

for children with ADHD symptoms (Rabiner et al., 

2010). Steiner et al., (2013) showed the effectiveness of 

two interventions in children with ADHD symptoms, a 

neurofeedback program and a computer-based cognitive 

rehabilitation program, Brain Train / Captain’s Log. 

After an average of 23 sessions in their schools, parents 

had a significant improvement in symptoms associated 

with the disorder compared to controls. In subsequent 

studies, the same authors showed that the effects were 

maintained in the 6-month follow-up (Steiner et al., 

2014).  In both experimental and control groups, some 

components of cognitive flexibility and selective 

attention show a significant difference in terms of linear 

composition. This paper results are consistent with that 

of González-Palau, et al., (2013). They stressed the 

importance of designing new computer-based cognitive 

rehabilitation programs and their research results show 

the positive effect of a long-term memory training 

program for three months. This paper results are also 

consistent with that of Gaitán , et al., (2013). They 

studied the effect of the tools used in the cognitive 

rehabilitation program on strengthening attention, 

memory and problem solving and concluded that it 

strengthens attention, working memory and problem 

solving. This paper results are also consistent with the 

Meta-analysis performed by Peijnenborgh, Hurks, 

Aldenkamp, Vles & Hendriksen (2016). 

Conclusion 

Therefore, the findings of the current paper confirmed 

the effectiveness of computer-based cognitive 

rehabilitation on some components of cognitive 

flexibility and selective attention. It is suggested that the 

present study be conducted completely virtually to 

compare its effectiveness. Also, using different 

functional imaging technologies of the brain to evaluate 

the effectiveness of this type of intervention is 

recommended. 

Limitations 

The present study includes a small sample that limits its 

generalizations. Nevertheless, this study supports 

computer-based cognitive learning in the school 

environment. Also limited duration of computer-based 

cognitive rehabilitation is possibly affecting some of the 

current findings. Generally, the results of the current 

study seem promising for computer-based cognitive 

rehabilitation as a suitable tool to increase or improve 

cognitive skills among students with learning 

disabilities. 
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