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Abstract  

The aim of this research was to identify the effect of digital game-based learning to teach  

mathematical concepts to children with intellectual disabilities (CWID) and opinion of their 

teachers about digital game-based learning. Computer assisted games provides the opportunity 

to these children to learn mathematical concepts according to their pace through the trial-and-

error basis, practice and immediate feedback. Researchers conducted an experiment on the use 

of computer games for teaching mathematical concepts to CWID. The sample of this research 

was 15 CWIID and 13 special education teachers. Pre and posttest design was used. Valid and 

reliable test (Cronbach alpha: 0.89) was conducted to determine the base line of the children in 

five mathematical concepts. After conducting the intervention program of 50 sessions, posttest 

was applied. The opinion of teachers about the effectiveness of computer assisted learning was 

obtained through questionnaire. Results of the study found that mathematical concept score of 

experimental group was significantly greater than the score of control group. Moreover, 

teachers had the positive attitude towards the use of computers games as an instructional 

strategy for the development of mathematical concepts. This study recommended that further 

study might explore teacher’s knowledge of computer, availability and accessibility of 

technology. 

 

Keywords: Digital computer games, Mathematical concepts, Intellectual disability. 
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Introduction 

Intellectual disability is a lasting state describe by considerable restrictions in the academic 

performance and in the adaptive capability of persons concerning perceptual, social and 

adaptive skills, self- management, living at home, self-reliance, health and safety, practical 

learning, recreation and work (Alkahtani, 2016). For the education of children with intellectual 

disability (CWID), collective behavioral and cognitive approaches are generally useful 

(Wajihullah, Ashraf, & Majid, 2020: Hayes, Villatte, Levin, & Hildebrandt, 2011). However, 

the preference for modern interdisciplinary approaches to address the needs of students with 

intellectual disabilities is strongly appreciated by professionals (Vereenooghe, & Langdon, 

2013). 

In this perspective, teachers plan and integrate daily teaching practice activities to 

impart knowledge and skills to CWID (Buli-Holmberg, & Jeyaprathaban, 2016). Alternative 

methods, strategies and instructional resources are useful for addressing the specific needs of 

CWID. For example, the use of information and communication technologies (ICT) are being 

effectively used for the education of CWID (Wajihullah, Ashraf, & Majid, 2020). As a current 

educational advancement, teaching through computer is a mind-boggling procedure where 

many experts play a vital role (Baumol, 2005). But unfortunately, a great number of early 

researches on computer-based learning as a part of teaching and learning process has ignored 

about the teacher’s views toward this new technology (Albirini, 2006).  

 Researches on computer-based learning have demonstrated that the successful 

execution of educational advancement in digital technology depends to a great extent on the 

attitude of teachers, who in the long run decide how they are utilizing this technology as a part 

of the classroom instruction (Lawless, & Pellegrino, 2007). Khlaif (2018) found that teacher’s 

attitude is an important factor in the acceptance of new technologies. Likewise, Niess, (2005) 

and Albirini, (2006) found that teachers who have positive attitude toward new technologies 

feel easier with utilizing it and generally include it in their teaching. According to the Goktas, 

Yildirim, & Yildirim, (2009) any successful conversion in educational practice requires the 

positive user attitude towards the new technology. Enhancement of teacher’s positive attitude 

toward computer based instructions is a key factor for improving computer incorporation in 

teaching (Wozney, Venkatesh, & Abrami,  2006). 

 Brewer, & Gajendran, (2012) stated that attitude of the group of people towards any 

new technology is a key component for its transmission.  Bose, & Luo, (2011) in their 

assumption of Innovation Decision Process expresses that technology diffusion is a procedure 

that happens through five phases: Knowledge, Influence, Decision, Implementation and 

authentication. According to the Straub, (2009) because of the interest of computer-based 

instructions and their related technologies, researches about technology diffusion in teaching 

have frequently focused on the first three phases of the development choice process. This is 

additionally in light of the fact that the status of computer-based instruction is considered, still 

not authentic (Vicente, 1999). According to Hew, & Brush, (2007) in the case of most under 

developed countries where technology of computer-based instructions has newly introduced 

researches has merely focused on first two phases of technology development i.e. knowledge 

about the technology and attitude about it. 
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 Teachers ‘attitude have been observed to be an important sign of the utilization of new 

technologies in educational settings (Pynoo, Devolder, Tondeur, Van Braak, Duyck, & Duyck, 

2011). According to the Sang, Valcke, Van Braak, & Tondeur, (2010) teachers’ attitude 

towards the use of computer also influences on the behavior of the students they teach. 

According to Borden, Lee, Serido, & Collins, (2008) changing people behavior is possible once 

their attitude has been identified.  Moreover Baylor, & Ritchie, 2002 indicated that teachers 

progress in technology require changes in attitude more than to skill.  A person attitude is 

comprised on three components: affective, cognition and behavior (Kurniawati, Minnaert, 

Mangunsong, & Ahmed, 2012). The affective component is the people enthusiastic reaction or 

getting a kick out of the chance to a man or object (Mumtaz, 2000). The cognitive component 

comprises of people accurate information about a man or question (Kruglanski, 1989). At last, 

the behavioral component includes a man natural behavior coordinated toward a man or object 

(Hu, Tan, Wang, & Maybank, 2004). One of the main considerations influencing people 

attitudes toward the technology is simply the qualities of the technology itself (Albbirini, 2007). 

 

Objective of the Study 

This research was conducted to achieve the following objectives: 

1. To identify the effect of computer assisted learning to teach mathematical concepts to 

CWID. 

2. To compare the performance of children with intellectual disabilities of experimental 

group and control group in subject of mathematics. 

3. Find out the opinions of special education teachers about the effectiveness of computer 

game-based learning of mathematical concepts in CWID. 

 

Research Methodology 

It was an experimental research and quasi experiment research design was used to conduct the 

study. Following procedure was used to complete the study: 

Step 1: Development of pretest and posttest 

For the development of pre/posttest researchers collected the syllabus of CWID used in special 

education. The researchers consulted the workbooks for preschoolers and preschool teachers 

to align the test items to the cognitive level of the participant of the study (with the mental age 

of 3 to 5 years). The test included the concepts of number, ordering and sequencing shapes, 

money and time. The content validity of the test was estimated with the help of 10 experts from 

the field of special education. Pilot testing was conducted to check the reliability of the items. 

The sample of 13 CWID for pilot testing was selected from two schools.  The reliability of the 

mathematical test was estimated 0.89 on Cronbach alpha. 

 

 

 



Webology (ISSN: 1735-188X) 

Volume 18, Number 2, 2021 

 

1583                                                                http://www.webology.org 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Nature of Items in Pretest and Posttest 

 

Step 2: Participant of the Study 

The participants of the study were children with intellectual disabilities and their teachers of 

Child Welfare Centre, University of the Punjab, Lahore was selected as the place for 

experiment due to the availability of both type of participant and computer lab. A number of 

30 children with ID were selected out of 55 following the inclusion criteria decided by the 

researchers. Selected 30 CWID were divided in two groups control as well as experimental 

groups. 

For the formation of two parallel groups for experiment preliminarily analysis was run to 

determine if a significant difference exist between the experimental and control groups of 

CWID on mathematical achievement level. This was necessary because participants had 

variation in age groups and were with medication history. Participants were randomly assigned 

to control and experimental groups on the basis of age and medication history and further 

balancing was made on the bases of pre-test score.  

 

Step 3: Selection of Digital Games 

For the selection of appropriate games for the intervention program a checklist was developed 

for the experts on the basis of information suggested by previous researches; students mental 

age, disability characteristics, easy to use for CWID, alignment of games with math’s concepts 

Development of Pre and Posttests 

 

Mental Age 3-5 years  

 

Criteria: Mathematical 

Concepts  

Curriculum of CWID & 

Workbooks of Pre-

schoolers 

 

Drafted Various Teacher 

made Test Items 

Number (8 Items) 

Ordering and Sequencing (6) 

Shapes (9) 

Money (9)  

Time (8) 

 

Finalized 40 Item Test  

(Pretest 20; Posttest 20) 
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and availability of free online games. It contained 10 questions with five-point Likert response 

categories. Content validity of the checklist was determined by expert’s opinion. The expert’s 

responses were collected and checklist based on 7 questions was finalized for the selection of 

games for experiment. Figure 2 indicate the procedure of selection of digital games. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

 

 

                          Figure 2: Selection of Digital Games 

 

Step 4: Implementation of Pretest 

Researchers administered pretest of mathematics on control group (n:15) and experimental 

group (n:15).  

 

Step 4: Intervention (Digital Game) 

Researchers implemented 3 months’ intervention to experimental group, 10 sessions for each 

concept were delivered included: number, ordering and sequencing shapes, money and time. 

The duration of session was half an hour. At the end of each concept test was conducted. 

 

Step 5: Implementation of Posttest 

Criteria: 

Related to the mathematical 

concepts 

Teddy number 

Cloud catcher 

Under water 

Selected 15 

games, 3 on 

each of; 

Number, 

Ordering and 

sequencing, 

Shapes, 

Money, 

Time 

     

Ginger bread  

Lady bird spot 

caterpillar 

SELECTION OF 

DIGITAL GAMES 
Mental age range 3-5 years Missing shapes   

Shapes puzzle 

Shapes train 

User’s friendly interface Toy shop 

money, 

Identifying coins 

turtle dairy .com 

Free of cost  

online available Telling the time 

Clock and time 

kindergarten 

math digital 
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Researcher administered posttest of mathematics on control group (n:15) and experimental 

group (n:15) and compared the results of both. 

 

Step 6: Teachers Opinion about effectiveness of Computer Game based Learning 

A questionnaire was developed on five-point Likert scale pattern to collect data from teachers 

of children with intellectual disability. Initially 36 items were developed on four factors of: 

i. Relevance to the subject matter of digital games for children with intellectual disability 

ii. Relevance to the requirement of digital game for children, with intellectual disability 

iii. Interest of the children with intellectual disability in digital games  

iv. Age-appropriate activities of digital games for children with intellectual disability 

(mental age of 3 to 5 years). 

Items 1-8 were related to the factor relevance to the subject matter of digital games with 

children with intellectual disability, items 9-26 were related to the factor of relevance to the 

requirement of digital games for children with intellectual disability, items 27-31 were related 

to the factor of interest of children with intellectual disability and items 32-36 were related to 

the factor of age-appropriate activities of digital games for children with intellectual disability.  

Validity of questionnaire regarding the opinion of teachers of participant children was 

evaluated by the penal of experts through content validity analysis procedures. 

Questionnaire was sent to a penal of seven experts at university level from the field of special 

education and psychology. Five experts were from the field of special education and two were 

from the field of psychology. According to the experts’ views, the questionnaire having good 

content validity and all the items of questionnaire measure the Teachers views on computer 

game-based learning for the acquisition of mathematical concepts in CWID.  

Suggestions of the experts for the formation of questions were incorporated to improve the 

questionnaire. There were 54 items on four factors were finalized by experts. Items 1-27 were 

related to the factor relevance to the subject matter of computer games with CWID, items 28-

44 were related to the factor of relevance to the requirement of computer games for CWID, 

items 45-49 were related to the factor of interest of CWID and items 50- 54 were related to the 

factor of age-appropriate activities of computer games for CWID. Content validity index of 

teacher’s questionnaire was 0.95. 

 

Results 

 

Table1  Independent sample t-test comparing pre- test scores between control and experimental 

groups 

 Groups N Mean   SD         F Sig 

Pre test control group 15 12.07   8.46  

experimental group 15 12.20   6.00         3.1 .09 

Table 1 showed that there is no significant difference between control and experimental groups 

on total score of pretest before intervention.  
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Table 2  ANCOVA for Posttest as Dependent Variable (DV) and Pretest as Covariate in the 

Acquisition of Mathematical Concepts of CG and EG 

Source Sum of 

Squares 

df Mean Square F P Partial 

η2 

Total score 1427.435 1 1427.435 41.836 .000 .608 

       

Groups 1320.612 1 1320.612 38.705 .000 .59 

 

Error 921.232 27 34.120    

 

Table 2 indicate groups analysis of covariance to assess the difference of the intervention 

program by post-test scores of mathematical concepts. The independent variable (IV) was total 

score; the dependent variable was score on the posttest. Score on pretest were used as covariate. 

Initial analysis was performed to ensure that there was no violation of the assumption of 

normality, linearity, homogeneity of variance and reliable measurement of the covariate. The 

main effect was statistically significant on groups (1, 27) =38.75, p<.000 with large effect size 

(η2=.59).  Results of the ANCOVA showed that the efficacy of DGBL in the acquisition of   

mathematical concept is significantly greater than the acquisition of mathematical concepts 

through traditional methods. 

 

Table 3 Descriptive statistics indicating mean and standard deviation of teacher’s responses 

Sr. No Statements Mean SD 

1.  The DGBL intervention followed the procedural system of 

instructions. 
4.6923 .48038 

2.  The DGBL intervention was based on content specific task of 

mathematical skills. 
4.5385 .51887 

3.  There was a clear alignment between intervention and learning 

objectives. 
4.3846 .50637 

4.  Intervention of DGBL clearly provided challenging goals of 

mathematical concepts. 
4.3846 .50637 

5.  Intervention of DGBL presented a functional setting to learn 

number concept. 

 

4.6154 

 

.50637 

6.  Intervention of DGBL presented a functional setting to learn 

object counting. 

4.6923 .48038 

7.  Intervention of DGBL presented a functional setting to learn 

arrange the number in order. 

4.4615 .51887 

8.  Intervention of DGBL presented a functional setting to learn 

sequencing and ordering the position. 

4.3077 .63043 

9.  Intervention of DGBL presented a functional setting to learn 

write counting in serial. 
4.3846 .50637 

10.  Intervention of DGBL presented a functional setting to learn fill 

the missing numbers. 
4.3077 .48038 
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11.  Intervention of DGBL presented a functional setting to learn 

money concept. 
4.5385 .51887 

12.  Intervention of DGBL presented a functional setting to learn 

identification of coins/currency. 
4.2308 .59914 

13.  Intervention of DGBL presented a functional setting to learn 

value of coins/currency. 
4.3846 .50637 

14.  Intervention of DGBL presented a functional setting to learn 

addition of coins/currency. 
4.3077 .85485 

15.  Intervention of DGBL presented a functional setting to learn 

understanding of clock. 
4.4615 .51887 

16.  Intervention of DGBL presented a functional setting to learn 

reading time in hours. 
4.4615 .51887 

17.  Intervention of DGBL presented a functional setting to learn 

time concept in half past. 
4.0000 .91287 

18.  Intervention of DGBL presented a functional setting to learn 

time concept in quarter past. 
4.1538 .80064 

19.  Intervention of DGBL presented a functional setting to learn 

time concept in quarter to hour. 
4.0769 .86232 

20.  Intervention of DGBL presented a functional setting to learn 

time concept in minutes past. 
4.2308 .83205 

21.  Intervention of DGBL presented a functional setting to learn 

identification of shapes. 
4.5385 .51887 

22.  Intervention of DGBL presented a functional setting to learn 

matching of shapes. 
4.5385 .51887 

23.  Intervention of DGBL presented a functional setting to learn 

labeling of shapes. 
4.3077 .85485 

24.  Intervention of DGBL presented a functional setting to learn 

sorting of shapes. 
4.3846 .50637 

25.  It enabled the students to deal with progressive difficulty level 

for learning mathematical skills. 
4.3846 .50637 

26.  Intervention of DGBL provided the opportunity to students with 

intellectual disability to achieve the learning objective. 
4.3077 .48038 

27.  Intervention of DGBL has the potential of being customized to 

fit the abilities of students with intellectual disability on 

individual basis. 

4.3846 .65044 

28.  DGBL intervention improved interactive skill of students with 

intellectual disability. 
4.3846 .50637 

29.  Through DGBL intervention students with intellectual disability 

might have benefitted from conceptual skills. 
4.3846 .50637 

30.  Intervention of DGBL improved the student fine motor skills 

through the mouse dragging. 
4.5385 .51887 
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31.  Interventions of DGBL improved the student’s cognitive skills 

(short term memory, long term memory. processing speed, visual 

processing etc. 

4.6154 .65044 

32.  DGBL intervention improved the student eye hand coordination. 4.6923 .48038 

33.  Intervention of DGBL improved the student on seat behavior. 4.6154 .50637 

34.  Intervention of DGBL provided immediate and constructive 

feedback to students with intellectual disability. 
4.3846 .50637 

35.  Intervention of DGBL improved the engagement of students 

with intellectual disability. 
4.3846 .50637 

36.  Intervention of DGBL maintained a balance between fun and 

learning for students with intellectual disability. 
4.6154 .50637 

37.  Intervention of DGBL provided students self-driven activities 

according to their intellectual disability. 
4.3077 .75107 

38.  Intervention of DGBL improved their attention span required for 

learning. 
4.6923 .48038 

39.  DGBL improved the students overall mathematical skills during 

intervention. 
4.6154 .65044 

40.  Students with intellectual disability operated the intervention 

games independently. 
3.3077 .94733 

41.  Students with ID operated the intervention games without 

sticking in. 
3.0769 1.03775 

42.  DGBL intervention was easy for students with intellectual 

disability to operate. 
3.5385 .96742 

43.  DGBL intervention mechanism was simple for decision making 

for teachers how to use game as learning tools. 
4.0000 .91287 

44.  Teachers could easily use DGBL for students with ID without 

any formal training. 
4.0769 .64051 

45.  DGBL intervention enabled the students with ID to focus on 

learning during game session. 
4.2308 .43853 

46.  DGBL intervention maintained the interest of students with 

intellectual disability during gaming session. 
4.3077 .48038 

47.  Intervention of DGBL ensured the engagement of diverse 

learners. 
4.0769 .49355 

48.  Sense of competence due to feedback mechanism of DGBL 

intervention increased interest of students with ID. 
4.6154 .50637 

49. Intervention enhanced the intrinsic motivation of students with 

intellectual disability for learning mathematical concepts. 
4.5385 .51887 

50. Intervention of DGBL provided an opportunity to learn (mental) 

age-appropriate mathematical skills to students with ID. 
4.0000 .57735 

51. Intervention of DGBL provided an opportunity to students with 

ID to have age-appropriate mathematical activities. 
4.4615 .51887 

52. Intervention of DGBL provided an opportunity to cope with age-

appropriate difficulty level. 
4.0769 .27735 



Webology (ISSN: 1735-188X) 

Volume 18, Number 2, 2021 

 

1589                                                                http://www.webology.org 
 

53. Intervention of DGBL provided an opportunity of age-

appropriate types of feedback. 
4.0000 .40825 

54. Intervention of DGBL provided an opportunity of age-

appropriate mathematical skills evaluation activities. 
4.2308 .59914 

 

Table 3 indicate descriptive statistics (mean, standard deviation) of teachers of CWID, high 

mean indicates that their responses toward digital games are very positive. 

 

Table 4 One sample t-test comparing opinion of special education teachers on the efficacy of 

digital game-based learning 

 Test value=3 

 N M S.D S.E t(df) P 

Relevance to the subject 

matter of students. 
13 4.38 .42 .12 11.82(12) 

<.001 

Age appropriateness of the 

students. 
13 4.25 .24 .07 18.37(12) 

<.001 

Relevance to the requirement 

of the students. 
13 4.35 .29 .08 16.48(12) 

<.001 

Interest of the students. 13 4.15 .35 .09 11.96(12) <.001 

Total responses  4.32 .32 .08 14.73(12) <.001 

 

Table 4 indicate that descriptive statistics (Mean and SD) and t-test of relevance to the subject 

matter, age appropriateness, Relevance to the requirement and interest of the students and total 

score. Mean score on the relevance to the subject matter of students was 4.38 & SD=.42 

(N=13). Difference from test value (3) to mean was measured by one sample t-test; 

(df)=11.82(12), p<.001 which is significant. However mean score on the age appropriateness 

of the students was 4.25 & SD=.24 (N=13). Difference from test value (3) to mean was 

measured by one sample t-test; (t (df) =18.37 (12), p<.001 which is significant. Whereas Mean 

score on the relevance of the requirement of the students was 4.35 & SD=.29 (N=13). 

Difference from test value (3) to mean was measured by one sample t-test; (t (df) =16.48(12), 

p<.001 which is significant. Moreover, mean score on the interest of the students was 4.15 

&SD =.35 (N=13). Difference from test value (3) to mean was measured by one sample t-test; 

(t (df) =11.96(12), p<.001 which is significant. Although mean score on the total responses 

about intervention was 4.32 & SD=.32 (N=13). Difference from test value (3) to mean was 

measured by one sample t-test; (t (df) =14.73(12), p<.001 which is significant. Results of one 

sample t-test showed that special education teachers have the positive attitude towards the 

digital game-based learning for the development of mathematical concepts in children with 

intellectual disability.  

 

Conclusions 

It was also concluded that mathematical concept score of experimental group was significantly 

greater than the score of control group, they performed better when taught through computer 
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based games. Special education teachers have positive attitude towards computer game-based 

learning for the acquisition of mathematical concepts in CWID.  

 Teachers’ opinion on the effectiveness of using computer games for the acquisition of 

mathematical concepts: number, ordering and sequencing, shapes, money and time may be 

influenced by their own experience to observe the performance of the participant of 

experimental groups in their classrooms. 

 

Discussion 

Educational researches proved that clear educational pedagogy of special education to make 

the CWID able to acquire mathematical concepts that help them in their practical life. However, 

researches highlighted that the nature of mathematics depends greatly on abstracts concepts. 

Simple and traditional methods of teaching abstract concepts of mathematics are ineffective 

for children belong to sensory motor stage (Piaget, 1951). Children of this age group must be 

dealt with non-traditional and latest methods of teaching. At that stage, CWID have to face 

difficulty in recognizing numbers, shapes, and other objects. The traditional methods are not 

capable of teaching these children in an appropriate manner. These children are not equal to 

normal children concerning learning skills. Because of the mental and cognitive deficiencies, 

they face lack of understanding and problem-solving ability. Their ability to count the items 

without concrete and sensory objects is very poor. So, they need to learn mathematical skills 

with special approach that is understandable for them, rather than a normal way of teaching. 

One of the latest teaching methods is DGBL. Therefore, there is a clear need that teachers of 

CWID must use different instructional apparatuses for the development of essential concepts 

of mathematics which relate to the daily experiences of   their life (Higdon, 2018: Raouf, 

Alenizi & Attia, 2016). 

            Results of one sample t-test showed that special education teachers have the positive 

attitude towards the digital game-based learning for the development of mathematical concepts 

in children with intellectual disability. These results are similar to the results of Ronimus, 

Eklund, Pesu, & Lyytinen, (2019) and Kosmas, Ioannou, & Retalis, (2018) research. In these 

study researchers examines the attitude of the teachers towards computer games and 

investigates the role of these attitudes in the implementation of digital learning in challenging 

children. Findings of the study show that the teachers have the positive attitude on the use of 

computer games and on the use of technology in education and training of CWID. 

 

Recommendations and implications for future research 

There are many other variables which play mediator role in computer game-based learning as 

an instructional technique/technology for imparting mathematical skills in CWID. These 

include teacher’s knowledge of computer, availability and accessibility of technology and 

demographics (e.g., socio-economic status, qualification of teachers and gender etc. These 

variables require in depth investigation in future studies in different special education school 

and centers of children with intellectual disabilities. 
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