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Abstract 

The United Arab Emirates’ vision of the 2021 National agenda aimed that its students rank among 

the best in the world in mathematics and the sciences. However, fractions remain a challenging 

topic for both teachers and students. The purpose of this study was to investigate the impact of 

using digital games-based learning (ABACUS) on students’ performance as they learn fractions. A 

quasi-experimental design was used in carrying out the research. All groups were pre- and post-

tested to evaluate the effectiveness of the ABACUS active learning intervention. Eighty (n=80) 

student participants were divided randomly into a control (n=39) group and an experimental 

(n=41) group. Descriptive and inferential statistics were used to analyze the data from the pre- 

and post-tests. The results suggested that students in the post-test of the experimental group 

achieved a higher score than those in the control group. The findings of this study may provide 

mathematics teachers with an alternative method to teaching the concept of fractions. 

Additionally, the findings may also inspire or encourage curriculum planners to integrate digital 

games-based learning in educational settings. The study concluded with some implications and 

recommendations for future research. 
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INTRODUCTION 

Computer games are becoming part of children’s 
lives and their home culture environment. Individuals 
around the globe including children in the United Arab 
Emirates (UAE) use electronic devices daily. While 
digital games (DG) are being used mostly for 
entertainment, educators believe that DG is a powerful 
tool for mastering numerous skills as well. Yigit (2007), 
as cited in Ocaki and Akkas Baysal (2019), mentioned 
that the advancements in the field of science and 
technology greatly influence our lifestyle, impact our 
lives, and cause changes in every aspect; this 
development also affects the methods of teaching and 
learning. 

Children’s increased keenness to play electronic 
games has rendered the use of such games a popular 
topic. One study, Sabirli and Coklar (2020), which 

explored the impact of educational games in students’ 
academic success indicated that including digital 
educational games increases students’ access to the 
lesson and this leads to a significant increase in students’ 
performance (Jarrah et al., 2020). Therefore, adding DG 
to the lesson might increase the improvement of the 
student by inducing more motivation to play and 
thereby benefit more from the educational process. 
Anastasiadis et al. (2018) stated that the DG-based 
learning approach is considered an effective educational 
tool to facilitate and enhance the learning process by 
increasing motivation and student engagement.  

Mathematics games-based learning contributed to 
higher level learning outcomes in the teaching process as 
compared with the traditional instructional methods 
(Tokac et al., 2019). For instance, Jagust et al. (2017) 
compared lessons of a non-gamified digital lesson with 
a gamified digital lesson using a live game. The results 
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showed that the gamified digital lesson had a positive 
effect on the students’ motivation, and students seemed 
to focus on the given exercise for a longer period, thereby 
correctly completing more mathematical tasks (Stoica & 
Wardat, 2021). The authors also argued that students in 
a non-gamified environment were bored and solved a 
smaller number of tasks. DG promote the learning of 
mathematics problem-solving as stated by Dayo et al. 
(2020) concluding that the DG had a positive effect on 
the student achievement (Aloufi et al., 2021). 

Many educators and researchers believe that a 
successful learning environment could be created by 
utilizing an exploratory approach to learning such as the 
constructivist learning approach. In this active learning 
approach (Abdallah & Wardat, 2021), learners construct 
knowledge rather than just passively take in 
information, thereby shifting the teacher’s role from a 
lecturer to a facilitator. Constructivism is an approach of 
teaching and learning where the students combine 
newly gathered information with what they already 
know. It also encourages the learners to be independent 
learners by working independently and constructing 
their own knowledge onto pre-existing knowledge 
(Alarabi & Wardat, 2021). Researchers also argue that 
DG can be considered constructivist instructional 
materials because of their potential to promote student-
centered opportunities and active learning environment 
(Nino & Evans, 2015). 

Mathematics teachers and education researchers 
consider that a core concept in mathematics is fractions; 
however, elementary students face numerous challenges 
in mastering it (Fazio & Siegler, 2011; Wijaya, 2017). 
Moreover, they believe that it needs to be taught in 
creative and engaging ways as students use the concept 
of fractions every year throughout their school years and 
beyond (Jarrah et al., 2022).  

In the last decade of the 20th century, technology 
gained popularity after the explosion of global 
technology. The current generation have lived their 
entire lives with access to technology and digital 
technology, which explains the importance of the 
technology in their lives. The literature reflects the effects 
of DG in the teaching and learning of mathematics. For 
instance, Byun and Joung (2018) reported the increase of 

DGBL studies since 2005. Their results showed that 
DGBL had a statistically positive effect on students’ 
mathematical cognition. Additionally, Stohlmann (2019) 
reported that DGBL motivated engaged students in 
mathematical thinking and increased student 
performance. Martin (2018) also investigated the effect of 
DGBL on elementary students’ mathematical 
achievement in five areas– symbols/concepts, 
computation, word problems, everyday mathematics, 
and attitude toward mathematics. Martin’s results 
revealed that students in DGBL show enhanced growth 
in the five areas and that there is a positive effect 
regarding the use of DGBL. 

Problem Statement 

The current study plans to explore the impact of 
DGBL on student’s performance in solving 
mathematical questions containing fractions. 
Researchers found it beneficial to teach fractions using 
DG. For instance, Gresalfi et al. (2018) reported that 
students who studied through the DGBL, were 
described to have enjoyed their time solving problems 
and asked for more games. Likewise, Zhang et al. (2020) 
stated that integrating DGBL in solving mathematical 
fraction problems for primary students increased the 
students’ conceptual knowledge of fractions and 
showed increased achievement when solving questions 
with fractions (Tashtoush et al.,2022).  

In a study about the effect of online and interactive 
games in teaching, Hamzah et al. (2019) reported that 
teaching using interactive games had positively 
increased students’ interest in mathematics and showed 
that students could explore the mathematical concepts at 
their own pace and play the games during their leisure 
time at home or school which would result in students 
learning mathematical concepts in a fun and engaging 
learning environment. 

Al Khateeb (2019) looked at the effect of mobile 
gaming in mathematical achievement in the 4th grade. 
The results indicated that the use of mobile games served 
as an effective educational support to the students in 
mathematics. Lazem and Jad (2017) conducted research 
in one of the rural areas in Egypt (Burg El-Arab City) 
populated by Bedouins to explore and show how the 

Contribution to the literature 

• Mathematics teachers and education researchers consider that a core concept in mathematics is fractions; 
however, elementary students face numerous challenges in mastering it. 

• ABACUS encourages students to work collaboratively and ask each other about different mathematical 
problems and how to solve problems to get more points and to move to the next level. This method 
encouraged them to study and learn independently. Providing students with the opportunity to study 
and work independently is an important goal of the learning process and ABACUS gives the students the 
opportunity to work and practice more independently. 

• The findings of this study may inspire or encourage curriculum planners to integrate DG-based learning 
in educational settings. 
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integration of the DG technology could help in learning 
challenging mathematics topics. By applying the digital 
game to support the memorization of multiplication, 
facts and the results showed that adding the games had 
a significant influence on the motivation of the students 
to learn and solve more problems. The authors also 
found that students enjoyed learning by having fun and 
were encouraged to learn independently. 

The above summary and discussion reported results 
within the area of digital game-based learning. Thus, the 
main purpose of this study was to investigate the impact 
of DG-based learning on students’ performance in 
learning fractions using the ABACUS software 
application. The study sought to answer the following 
two research questions: 

1. What is the effect of using digital game-based 
learning on students’ ability to use fractions in 
problem-solving? 

2. Is there a difference between genders in the 
performance of digital game-based learning? 

METHODOLOGY 

As mentioned above, the purpose of this study is to 
investigate the effect of using digital game-based 
learning in teaching fractions in mathematics in Al Ain, 
UAE. Thus, a quantitative quasi-experimental design 
was adopted. A quasi-experimental design was decided 
to conform to the main objective of the study as it seeks 
to establish a cause-effect relationship between two or 
more variables (Mills & Gay, 2019).  

Participants 

The participants involved in this study were 41 males 
and 39 females for a total of (n=80) grade 5 students. The 
participants were divided into two groups: 

1. The experimental group: Students were taught 
fraction addition and subtraction concepts using 
DG-based learning. The experimental group 
consisted of 21 male students and 20 female 
students–total of 41 students.  

2. The control group: students were taught fraction 
addition and subtraction concepts using 
traditional teaching methods. The control group 
had 20 males and 19 females, a total of 39 students 
(Table 1). 

Instrument 

Pre- and post-tests were used to collect data and 
assess the intervention applied in this study. The pre- 
and post-test assessments were developed by seven 
expert teachers, two faculty members from United Arab 
Emirates University and five mathematics teachers 
familiar with grade 5 mathematics curricula. They were 
grades 5 and 6 mathematics teachers with extensive 
knowledge and expertise in teaching mathematics. 

The panel of experts reviewed the test to determine 
its relevance and suitability for the objective of the study. 
Their suggestions were considered and incorporated 
into the test. The final version of the test consisted of 
fifteen different fraction problems. There were eight 
adding fraction problems with a denominator less than 
or equal to 12 (including unequal denominators, equal 
denominators, and mixed numbers) and seven 
subtraction questions with denominator less than or 
equal 12 (including unequal denominators, equal 
denominators, and mixed numbers).  

To establish the reliability of the test, the test-retest 
technique was used. Specifically, a two-week pilot study 
was conducted with 20 students who were not included 
in the sample of the study. Participants in the pilot phase 
were from a school that has similar characteristic and 
follows same curriculum. Additionally, students who 
participated in the pilot phase had no interactions with 
participants un the main research. The same developed 
test was conducted on the pilot participants at two 
different points in time, beginning of the two-week and 
at the end. Then, the scores from the first and second 
times were correlated in order to evaluate the test for 
stability over time. By using Pearson’s formula, the 
reliability coefficient of the test was calculated and found 
to be 0.95.  

Procedure 

Before the start of the implementation of the study, 
the researchers received local permission from the site 
administrators and the required approval for ethical 
research. The control group received the traditional way 
of learning fractions, while the experimental group were 
subjected to lessons prepared with the integration of 
ABACUS that contained digital games related to the 
lessons taught. The duration of the experimental and 
control groups lasted for three weeks. It is worth noting 
that the study lasted three weeks because that was the 
time length allocated to introduce and cover the concept 
of addition and subtraction of fractions.  

Data Analysis 

Skewness and Kurtosis tests were run on the data 
collected in accordance with West et al.’s (1995) 
recommendations to ensure that the data was normal 
and devoid of outliers. Skewness testing, the outcome, 
which might be either good or negative, should not be 

Table 1. Distribution of students who participated in study 

 Frequency Percent (%) 

Group Experimental 41 51.3 
Control 39 48.8 

Sex Male 41 51.3 
Female 39 48.8 

 Total 80 100.0 
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greater than two, in contrast, the Kurtosis test score 
should be less than seven. 

To determine if there was any impact of using 
ABACUS on student performance, the students 
completed a pre-test prior to beginning the unit and the 
post-test after the concepts were taught. To analyze the 
data from the pre and post-tests on student performance, 
both descriptive statistics and inferential statistics were 
used to generate meaningful information from the raw 
data. The descriptive statistics included the standard 
deviation and mean scores on both tests. To answer the 
research questions, a t-test was used to determine if there 
was any significant difference between the experimental 
and the control groups. For all statistical analysis, the 
SPSS version 26 was used. 

To determine the difficulty level of the items in the 
pre- and post-test, the difficulty and discrimination 
coefficients for the test items were calculated. 
Specifically, the percentage of students with wrong 
answers were considered as difficulty coefficients for 
each item, while the discrimination coefficients for each 
item was calculated as the correlation coefficient 
between each item with the total score.  

Table 2 shows the difficulty coefficients and 
discrimination coefficients for each of the test items. 
Table 2 indicates that the item difficulty coefficients 
ranged between (0.40-0.75), and the discrimination 
coefficients ranged between (0.41-0.91). Ideal multiple-
choice questions have a difficulty coefficient of 30% to 
80% and a discrimination coefficient of over 39% 
(Worthen et al., 1999). Thus, the extent of the difficulty 
of the test items and the discrimination coefficients were 
considered acceptable.  

RESULTS 

This investigation was to find out if the digital games-
based learning had an impact on the performance of the 
students in grade 5 in solving fraction problems. This 
study assessed the difference, if any, between the test 
scores of the students who used the digital games-based 
learning and those who used the traditional way of 
learning mathematics. Additionally, the study 
investigated whether there is a significant difference 
between the results of the post-test between the genders.  

Analysis of Research Questions 

Question 1: What is the effect of using digital games-
based learning on students’ performance in fraction 
problem-solving? 

To answer this question, means and standard 
deviations of the two groups for the method of teaching 
(DG-based learning vs. traditional instruction) were 
used and t-tests were used to identify any significant 
differences between both groups of the study, as shown 
in Table 3. 

Table 3 shows the results for the comparison of 
performance between the means of both groups on the 
post fraction problem solving assessment. There were 
statistically significant differences between scores in 
favor of the experimental group (experimental: 
mean=11.93, SD=1.73; control: mean=9.90, SD=1.87) and 
p=0.000<0.05 (two-tailed). 

Furthermore, in order to investigate the level of 
impact of the treatment on the experimental group, the 
effect size was calculated. Specifically, Cohen’s d was 
used to demonstrate the size of the experimental effect: 
Cohen’s d=(11.93-9.9) ⁄ 1.807798=1.12. 

A commonly used interpretation of Cohen’s d (effect 
sizes) is based on benchmarks suggested by Jacob Cohen 
in 1969. Cohen’s suggested benchmarks as small, 
medium, or large based on d=0.2 (small), d=0.5 
(medium) and d=0.8 or larger (large). That means the 
effect size of d=1.12 is large showing that the 
intervention had a large effect on students’ achievement 
in post-test experimental group compared to the control 
group. 

Question 2: Is there a difference in the performance in 
digital games-based learning between genders? 

As shown in Table 4, the results for the comparison 
of performance between male and female students 
showed that there were no statistically significant 
differences between scores (male: mean=5.33, SD=1.77; 
female: mean=5.30, SD=2.17) and p=0.957>0.05 (two-
tailed). 

T-test was suitable analysis measure even the sample 
size was less than 30 in each group because the effect size 
was calculated and considered to be large (de Winter, 

Table 2. Difficulty and discrimination coefficient for each 
question in the test 

Item # DifC DisC 

Q1 0.60 .46(*) 
Q2 0.65 .57(**) 
Q3 0.40 .53(*) 
Q4 0.60 .48(*) 
Q5 0.75 .82(**) 
Q6 0.55 .55(*) 
Q7 0.65 .57(**) 
Q8 0.50 .43(*) 
Q9 0.65 .62(**) 
Q10 0.70 .91(**) 
Q11 0.55 .41(*) 
Q12 0.65 .57(**) 
Q13 0.40 .53(*) 
Q14 0.65 .62(**) 
Q15 0.70 .91(**) 
Note. *Correlation is significant at the 0.05 level (2-tailed); 
**Correlation is significant at the 0.01 level (2-tailed); DifC: 
Difficulty coefficients; & DisC: Discrimination coefficients 
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2013, p. 7). As was stated earlier, the effect size (Cohen’s 
d) was 1.12 which is considered to be large according to 
the benchmarks suggested by Cohen (Kraft, 2020).  

Summary of the Results 

In order to check that the sample was homogenous, 
statistical investigation was applied to both 
experimental and control groups. The results of the pre-
test showed that the mean and the standard deviation of 
scores for both groups were insignificant. As observed, 
the experimental group scores (M=5.24, SD=2.165) were 
almost equivalent to the control group scores (M=5.31, 
SD=2.261) and the t-test showed (t=-.129). 

However, the results of student performance in the 
post-test, in the experimental group (learning through 
digital games) were higher compared to the control 
group, which followed the traditional teaching 
methodology. Specifically, the post-test result showed 
that the experimental group achieved a higher score 
(M=11.93, SD=1.738) than the control group (M=9.90, 
SD=1.875) on the overall score, in which the t-test score 
(t=5.024) showed a significant difference between the 
two groups. 

The difference between male and female genders in 
the performance using the digital games-based learning 
were tested. The results of the male group (M=5.33, 
SD=1.770) and the results of the female group (M=5.30, 
SD=2.179) showed that there are no statistically 

significant differences at (=.05) due to the gender 
variable.  

DISCUSSION 

The results of the analysis of the t-test on the 
performance of the students taught using ABACUS 
digital games-based learning and those taught using the 
traditional way using the worksheets and the pencil 
indicated a significant difference in results in favor of the 
students taught with ABACUS. These results were based 
on the performance of 80 students on a 15-item content 
test administrated twice: as a pre-test before teaching 
and then after the intervention of the ABACUS as a post 
test. Results from the pre-test showed that there was no 
significant difference between the performance of the 
two groups in terms of the total score on the test. This 
indicated that the results of the two groups were 
comparable before starting the experiment, and this 
showed that both groups were homogenous in terms of 
their understanding of the test objectives. 

The comparison between the experimental and the 
control groups’ performance on the post test results, 
which took place after teaching the experimental group 
used the ABACUS digital games-based learning, 
showed that the students who were taught by ABACUS 
achieved a higher average score (M=11.93, SD=1.738) 
compared to the control group results (M=9.90, 
SD=1.875). An independent samples t-test analysis 
showed that the difference in their achievements to be 
statically significant (t-test=5.024 p=0.000). Thus, it can 
be clearly indicated that the performance of the grade 5 
students in solving fraction problems using the digital 
games in the selected school in Al Ain was enhanced due 
to the adoption of ABACUS active learn. It can be drawn 
that ABACUS had a positive impact on the students’ 
performance in learning fractions as shown in Figure 1. 

The possible reason for this finding could be that 
ABACUS enabled and motivated students in the 
experimental group to practice and solve fraction 
problem through digital games. ABACUS motivated the 
students to practice more through playing more games, 
so the students were motivated to solve more fraction 
question by using the games instead of practicing by 
solving on paper. The enjoyment while playing the 
games could be a factor that affects the performance of 
the students in the experimental group since that 
enjoyment while playing the game could result in 
solving more problems. 

Table 3. Means, standard deviation, & t-test results of experimental & control groups on post fraction problem-solving test 
(gender variables) 

 Gender n Mean Standard deviation t df Sig. (2-tailed) 

Post-test Male 21 5.33 1.770 .054 39 .957 
Female 20 5.30 2.179 

 

Table 4. Means, standard deviation, & t-test results of experimental & control groups on post fraction problem-solving test 

 Group n Mean Standard deviation t df Sig. (2-tailed) 

Post-test Experimental 41 11.93 1.738 5.024 78 .000 
Control 39 9.90 1.875 

 

 
Figure 1. Students’ overall mean total score in pre- & post-
test 
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The three levels of each game in ABACUS makes it 
an effective site. The reward system gave the students in 
the experimental group the opportunity to practice more 
fraction problems with three different levels for each 
game. The students were scoring points whenever they 
solved a question, thereby increasing their points to 
collecting rewards from the ABACAS site, whereas the 
control group could not do the same. This would 
challenge the students in the experimental group to 
solve more questions to increase their points and at the 
same time move to the harder level to get more points. 
This would help them confirm the conceptual fraction 
lesson taught at the class and practiced by the games. 

ABACUS gave the students an opportunity to learn 
independently through digital games. Students had the 
capability to explore more with ABACUS active 
learning, through the available digital resources to learn 
more about a specific mathematics fraction topic. The 
features of using ABACUS lay out the rewards available 
to the students and the points they could get whenever 
they solved more questions and the challenges they 
could meet while solving the questions. The more 
problems they solved, the more points they would get, 
and the more rewards they received, hence the more 
stimulated they would be to attempt completing all three 
levels of the game. As a result, their performance would 
improve, and they would be further encouraged to solve 
more questions. Similarly, Kim and Ke (2017) showed 
that there is a positive effect inclu1ding the DGBL in 
accordance with math learning. The results revealed that 
the digital games included the characteristic challenges, 
rewards, and integration of game play with learning 
content that could improve math achievement in the 
learning environment. While in the control group the 
teaching was limited to a few examples using the white 
board and worksheets with only the teacher’s 
explanation and no digital resources and games to 
practice in the school or at home. Hence, the students 
were only listening to the teacher in the class and 
practiced using different questions on a photocopied 
worksheet; this affected the teaching and learning 
process negatively. The students felt bored after solving 
a few questions in the class and merely waited for the 
teacher to check their work. 

The difference between the performance of male and 
female students regarding the digital games-based 
learning were tested. The results of the male group were 
(M=5.33, SD=1.770); the results of the female group were 
(M=5.30, SD=2.179). This showed that there are no 
statistically significant differences at (α=0.05) due to 
gender variable. 

The results showed that regardless of gender, the 
resources and the strategies in teaching mathematics 
fractions is what affected the performance of both 
genders among grade 5 students. Chung and Chang 
(2017) stated that the attitude towards the digital game-
based learning was found to be positive regardless of 

gender. The researcher agreed that there was no 
significant difference in the correlation in the learning 
achievements between genders.  

On the other hand, Lowrie and Jorgensen (2011), who 
had different results concluded that women tend to have 
a lower learning achievement than men in digital games 
of a competitive nature. The main reason could be 
attributed to the digital games used in this study belongs 
to moderate style. The enjoyment, happiness, 
challenging levels, motivation, points, and rewards 
available for both the male and the female students help 
in encouraging both genders to practice more and to 
confirm the knowledge acquired through practicing 
using the games. This benefits the learners by helping 
them enhance their learning process and cognitive 
understanding regardless of their gender. 

As noted from the findings in this study, the 
ABACUS digital games-based learning had a positive 
impact on student achievement. Additionally, digital 
resources were available on ABACUS with detailed 
lesson plans, the differentiated activities, and the digital 
games related to the fraction concept taught. The teacher 
could assign the game to be practiced by the students 
using the electronic devices in the class or at home, 
which had a positive effect in delivering the lesson and 
therefore improve their performance. This study showed 
that the use of the digital games in ABACUS affected the 
performance of the students positively, and it concluded 
that the possible factors affected the student’s 
performance are enjoyment and happiness, challenges, 
motivation, points, and rewards through the digital 
games in ABACUS. 

The high level of curiosity and engagement was 
observed by the researchers when students contacted 
mathematics teachers to ask for more games to be played 
to practice the fraction topics, as Giannakos (2013) 
mentioned that the enjoyment and the happiness while 
playing the game could play a very effective role in 
determining the knowledge acquired by the learner. 
Enjoyment and happiness are two important factors 
which show that the learners are solving more questions 
by playing more games at different levels. Allocating 
games through the ABACUS active learning strategy to 
the students gave the teacher an opportunity to check if 
the students were enjoying and happily solving different 
levels. This feature on ABACUS enabled the teachers to 
know the level of the students and the knowledge they 
acquired from practicing at school or at home using the 
games as agreed by Gresalfi et al. (2018). As stated in 
previous research, digital games promote the learning of 
mathematics problem-solving and show that the digital 
games have a positive effect on the student achievement 
as mentioned by Dayo et al. (2020). 

In addition, enjoyment and happiness while playing 
the games in ABACUS increased the challenges and the 
effort to solve more problems with fractions. While 
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conducting the study, teachers observed how students 
were excited to practice more fraction problems by 
finishing the three differentiated levels in each fraction 
game to gain more points and therefore earn more 
rewards. Using ABACUS active learning provided the 
students with different levels to solve fraction problem 
starting with the bronze level, the silver level then the 
gold level where they can see the questions are becoming 
increasingly difficult with each level, but they are 
acquiring more points which enhanced in the learning 
process. This was obvious for the mathematics teachers 
when they observed that the students were eager to 
solve the assigned games with all the levels (bronze, 
silver, and gold) as mentioned in Figure 2. 

The challenges the students faced in solving the 
question encouraged the students to try different 
methods to solve the questions when they were stuck. 
They sometimes asked their friends and shared their 
ideas to try solving the question. They even stated they 
used the internet to search for ways to solve the 
questions in order to get more points. This helped the 
students learn by doing and by using their prior 
knowledge to construct new knowledge in the new 
concepts learnt. These results are in line with the 
findings by Jazim et al. (2017) reporting that students 
should be actively involved in process of building their 
understanding, that knowledge is not only to be stored 
in the minds of students, but it should be constructed 
through active involvement in the learning process. 

When students used the ABACUS active learning, 
they were more engaged in their own learning and more 
confident of their ability to solve more mathematical 
fraction problems. These results are in line with the 
findings reported by Huang and Huang (2015), who 
reported that the digital games significantly improved 
the low-achieving students’ motivation and 
performance in the learning process. The motivation 
they gained through solving more games with different 
levels encouraged them to play more games and collect 
more points (Wardat et al., 2021). 

As shown in Figure 3 and Figure 4, the ABACUS 
active learning site offers points to be added to the 
students account whenever they solve a question or 
finish a specific level. The reward system included in 
digital games encourages the students to solve more 
difficult challenging questions and stay focused in their 
paly (Kim & Ke, 2017). Similarly, this idea is supported 
by Moon et al. (2011) who highlighted that reward 
points/system is one of the most important elements in 
game structure to stimulate more active learning and to 
help players sustain in gameplay. This supports the 
rewarding system available on ABACUS active learn. 

As for teachers, the use of technology is a challenge, 
and many teachers are still not familiar with how to use 
it properly in their teaching methodology. ABACUS 
active learning provides teachers with completed lesson 
plans with the integration of the technology tool that 
suits each mathematics lesson. Because some teachers 
shy away from using technology in their teaching, it is 
important to train teachers on effective methods to 
ensure that they are capable of using the features 
ABACUS provides for teaching mathematics through 
the available digital tools. Demirbilek and Tamer (2010) 
suggested that the professional development training 
regarding introducing the educational computer games 
is crucial to change the mathematics teachers’ attitude 
toward computer games. ABACUS active learning is an 
easy website for teachers to use.  

In summary, the purpose of this study was to 
investigate the impact of the digital games-based 
learning ABACUS active learning on the student 
performance. The results showed there is a positive 
impact of ABACUS on students’ learning of fraction 
concepts. The feature of the ABACUS website offers 
students with fun experience in a challenging and clear 
teaching methodology as Dele-Ajayi et al. (2019) believes 
that mathematical digital games can potentially bridge 
the gap between the practical knowledge and the 
theoretical understanding by presenting the educational 
mathematical concepts and their application in a clearer 
way to students. 

 
Figure 2. Game three levels 
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Recommendation and Suggestions for Further 
Research 

As proved in many studies, including digital games 
in the mathematics lessons were productive for all 
elements of the learning and teaching process. A 
literature review showed that the implementation of the 
digital games to teach fractions had a positive effect on 
student performance in solving fraction problems and 
that the digital games encourage the students to play 
more and thereby solve more problems. 

Being that this study concluded that teaching 
mathematics through the use of digital games affected 
the students’ performance in solving mathematical 
fraction problems and increased the motivation of the 
students to solve more and acquiring more knowledge 
and ways in solving fraction problems, we recommend 
further exploration and implementation of digital games 
to teach mathematics in order for students to arrive at a 
firmer grasp of fractions. 

Considering the findings of this study, teachers are 
encouraged to use the ABACUS active learning tool in 
their mathematics classes. Providing students with the 
opportunity to study and work independently is an 
important goal of the learning process and ABACUS 

gives the students the opportunity to work and practice 
more independently. Many schools are equipped with 
digital devices in class, and digital resources are 
available to enhance the teaching and learning process. 
However, teachers are reluctant to use these resources 
because of their lack of confidence using the devices or 
tools. The researchers recommend training the new 
teachers and teach them how to integrate the technology 
during their lessons and how to benefit from the digital 
resources such as ABACUS.  

ABACUS encourages students to work 
collaboratively and ask each other about different 
mathematical problems and how to solve problems to 
get more points and to move to the next level. This 
method encouraged them to study and learn 
independently. 

It is also recommended to investigate the 
effectiveness of training the teachers to use the ABACUS 
active learning on the student’s performance. This 
further investigation will show if the teacher is confident 
about the use and the integration of the technology and 
assigning the suitable games for each lesson and how 
this could affect the students’ performance during the 
teaching and learning process. 

 
Figure 3. Student’s account 

 
Figure 4. Reward system 



EURASIA J Math Sci Tech Ed, 2022, 18(10), em2159 

9 / 10 

Author contributions: All authors have sufficiently contributed to 
the study and agreed with the results and conclusions. 

Funding: No funding source is reported for this study. 

Declaration of interest: No conflict of interest is declared by 
authors. 

Data sharing statement: Data supporting the findings and 
conclusions are available upon request from the corresponding 
author. 

REFERENCES 

Abdallah, R., & Wardat, Y. (2021). Teachers’ perceptions 
on the effectiveness of professional development 
programs in improving the curriculum 
implementation at Jordanian schools. Elementary 
Education Online, 20(5), 4438-4449. https://doi.org/ 
10.17051/ilkonline.2021.01.126 

Al Khateeb, M. A. (2019). Effect of mobile gaming on 
mathematical achievement among 4th graders. 
International Journal of Emerging Technologies in 
Learning, 14(07), 4. https://doi.org/10.3991/ijet. 
v14i07.10315 

Alarabi, K., & Wardat, Y. (2021). UAE-based teachers’ 
hindsight judgments on physics education during 
the COVID-19 pandemic. Psychology and Education 
Journal, 58(3), 2497-2511. 

Aloufi, F., Ibrahim, A. L., Elsayed, A. M. A., Wardat, Y., 
& Ahmed, A. O. (2021). Virtual mathematics 
education during COVID-19: An exploratory study 
of teaching practices for teachers in simultaneous 
virtual classes. International Journal of Learning, 
Teaching and Educational Research, 20(12), 85-113. 
https://doi.org/10.26803/ijlter.20.12.6 

Anastasiadis, T., Lampropoulos, G., & Siakas, K. (2018). 
Digital game-based learning and serious games in 
education. International Journal of Advances in 
Scientific Research and Engineering, 4(12), 139-144. 
https://doi.org/10.31695/IJASRE.2018.33016 

Byun, J., & Joung, E. (2018). Digital game-based learning 
for K-12 mathematics education: A meta-analysis. 
School Science and Mathematics, 118(3-4), 113-126. 
https://doi.org/10.1111/ssm.12271 

Chung, L. Y., & Chang, R. C. (2017). The effect of gender 
on motivation and student achievement in digital 
game-based learning: A case study of a contented-
based classroom. EURASIA Journal of Mathematics, 
Science and Technology Education, 13(6), 2309-2327. 
https://doi.org/10.12973/eurasia.2017.01227a 

Dayo, N. A., Alvi, U., & Mujtaba Asad, M. (2020). 
Mechanics of digital mathematics games for 
learning of problem-solving: An extensive 
literature review. In Proceedings of the 2020 
International Conference on Emerging Trends in Smart 
Technologies. https://doi.org/10.1109/icetst49965. 
2020.9080715 

de Winter, J. C. (2013). Using the student’s t-test with 
extremely small sample sizes. Practical Assessment, 

Research, and Evaluation, 18(1), 10. https://doi.org/ 
10.7275/e4r6-dj05 

Dele-Ajayi, O., Strachan, R., Pickard, A. J., & Sanderson, 
J. J. (2019). Games for teaching mathematics in 
Nigeria: What happens to pupils’ engagement and 
traditional classroom dynamics? IEEE Access, 7, 
53248–53261. https://doi.org/10.1109/access.2019. 
2912359 

Demirbilek, M., & Tamer, S. L. (2010). Mathematics 
teachers’ perspectives on using educational 
computer games in mathematics education. 
Procedia-Social and Behavioral Sciences, 9, 709-716. 
https://doi.org/10.1016/j.sbspro.2010.12.222 

Fazio, L., & Siegler, R. (2011). Teaching fractions. 
International Academy of Education. http://unesdoc. 
unesco.org/images/0021/002127/212781e.pdf 

Giannakos, M. N. (2013). Enjoy and learn with 
educational games: Examining factors affecting 
learning performance. Computers & Education, 68, 
429-439. https://doi.org/10.1016/j.compedu.2013. 
06.005 

Gresalfi, M. S., Rittle-Johnson, B., Loehr, A., & Nichols, I. 
(2018). Design matters: Explorations of content and 
design in fraction games. Educational Technology 
Research and Development, 66(3), 579-596. 
https://doi.org/10.1007/s11423-017-9557-7 

Hamzah, N., Mistima Maat, S., & H. Iksan, Z. (2019). The 
effect of fun and interactive games as a strategy in 
teaching coordinates to enhance students’ 
performance in Mathematics. Religación. Revista de 
Ciencias Sociales y Humanidades [Religation. Journal of 
Social Sciences and Humanities], 4(22), 274-278. 
https://doi.org/10.46652/rgn.v4i22.579 

Huang, Y. M., & Huang, Y. M. (2015). A scaffolding 
strategy to develop handheld sensor-based 
vocabulary games for improving students’ learning 
motivation and performance. Educational 
Technology Research and Development, 63(5), 691-708. 
https://doi.org/10.1007/s11423-015-9382-9 

Jagust, T., Boticki, I., Mornar, V., & So, H. J. (2017). 
Gamified digital math lessons for lower primary 
school students. In Proceedings of the 2017 6th IIAI 
International Congress on Advanced Applied 
Informatics (pp. 691-694). https://doi.org/10.1109/ 
IIAI-AAI.2017.17 

Jarrah, A. M., Khasawneh, O. M., & Wardat, Y. (2020). 
Implementing pragmatism and John Dewey’s 
educational philosophy in Emirati elementary 
schools: Case of mathematics and science teachers. 
International Journal of Education Economics and 
Development, 11(1), 58. https://doi.org/10.1504/ 
ijeed.2020.104287 

Jarrah, A. M., Wardat, Y., & Gningue, S. (2022). 
Misconception on addition and subtraction of 
fractions in seventh-grade middle school students. 

https://doi.org/10.17051/ilkonline.2021.01.126
https://doi.org/10.17051/ilkonline.2021.01.126
https://doi.org/10.3991/ijet.v14i07.10315
https://doi.org/10.3991/ijet.v14i07.10315
https://doi.org/10.26803/ijlter.20.12.6
https://doi.org/10.31695/IJASRE.2018.33016
https://doi.org/10.1111/ssm.12271
https://doi.org/10.12973/eurasia.2017.01227a
https://doi.org/10.1109/icetst49965.2020.9080715
https://doi.org/10.1109/icetst49965.2020.9080715
https://doi.org/10.7275/e4r6-dj05
https://doi.org/10.7275/e4r6-dj05
https://doi.org/10.1109/access.2019.2912359
https://doi.org/10.1109/access.2019.2912359
https://doi.org/10.1016/j.sbspro.2010.12.222
http://unesdoc.unesco.org/images/0021/002127/212781e.pdf
http://unesdoc.unesco.org/images/0021/002127/212781e.pdf
https://doi.org/10.1016/j.compedu.2013.06.005
https://doi.org/10.1016/j.compedu.2013.06.005
https://doi.org/10.1007/s11423-017-9557-7
https://doi.org/10.46652/rgn.v4i22.579
https://doi.org/10.1007/s11423-015-9382-9
https://doi.org/10.1109/IIAI-AAI.2017.17
https://doi.org/10.1109/IIAI-AAI.2017.17
https://doi.org/10.1504/ijeed.2020.104287
https://doi.org/10.1504/ijeed.2020.104287


Jarrah et al. / Digital games-based learning 

 

10 / 10 

EURASIA Journal of Mathematics, Science and 
Technology Education, 18(6), em2115. 
https://doi.org/10.29333/ejmste/12070  

Jazim, J., Anwar, R. B., & Rahmawati, D. (2017). The use 
of mathematical module based on constructivism 
approach as media to implant the concept of 
algebra operation. International Electronic Journal of 
Mathematics Education, 12(3), 579-583. 
https://doi.org/10.29333/iejme/634 

Kim, H., & Ke, F. (2016). Effects of game-based learning 
in an OpenSim-supported virtual environment on 
mathematical performance. Interactive Learning 
Environments, 25(4), 543-557. https://doi.org/ 
10.1080/10494820.2016.1167744 

Kraft, M. A. (2020). Interpreting effect sizes of education 
interventions. Educational Researcher, 49(4), 241-253. 
https://doi.org/10.3102/0013189x20912798 

Lazem, S., & Jad, H. A. (2017). We play we learn: 
Exploring the value of digital educational games in 
rural Egypt. In Proceedings of the 2017 CHI 
Conference on Human Factors in Computing Systems 
(pp. 2782-2791). https://doi.org/10.1145/3025453. 
3025593 

Lowrie, T., & Jorgensen, R. (2011). Gender differences in 
students’ mathematics game playing. Computers & 
Education, 57(4), 2244-2248. https://doi.org/10. 
1016/j.compedu.2011.06.010 

Martin, L. (2018). The effect of game-based learning on title 1 
elementary students’ mathematics achievement 
[Doctoral dissertation, Concordia University]. 

Mills, G. E., & Gay, L. R. (2019). Educational research: 
Competencies for analysis and applications. Pearson. 

Moon, M. K., Jahng, S. G., & Kim, T. Y. (2011). A 
computer-assisted learning model based on the 
digital game exponential reward system. Turkish 
Online Journal of Educational Technology-TOJET, 
10(1), 1-14. 

Nino, M., & Evans, M. A. (2015). Fostering 21st-century 
skills in constructivist engineering classrooms with 
digital game-based learning. IEEE Revista 
Iberoamericana de Tecnologias Del Aprendizaje [IEEE 
Ibero-American Journal of Learning Technologies], 
10(3), 143-149. https://doi.org/10.1109/rita.2015. 
2452673 

Ocaki, I., & Akkas Baysal, E. (2019). The evaluation of 
elementary 4th grade science curriculum. 

Mediterranean Journal of Social & Behavioral Research, 
3(1), 9-15. https://doi.org/10.30935/mjosbr/9588 

Sabirli, Z. E., & Coklar, A. N. (2020). The effect of 
educational digital games on education, motivation 
and attitudes of elementary school students against 
course access. World Journal on Educational 
Technology: Current Issues, 12(3), 165-178. 
https://doi.org/10.18844/wjet.v12i3.4993 

Stohlmann, M. (2019). Integrated steM education 
through open-ended game-based learning. Journal 
of Mathematics Education, 12(1), 24-38. 

Stoica, G., & Wardat, Y. (2021). An inequality can change 
everything. The American Mathematical Monthly, 
128(9), 810. https://doi.org/10.1080/00029890. 
2021.1949218 

Tashtoush, M. A., Wardat, Y., Aloufi, F., & Taani, O. 
(2022). The effectiveness of teaching method based 
on the components of concept-rich instruction 
approach in students achievement on linear algebra 
course and their attitudes towards mathematics. 
Journal of Higher Education Theory and Practice, 22(7), 
41-57. https://doi.org/10.33423/jhetp.v22i7.5269  

Tokac, U., Novak, E., & Thompson, C. G. (2019). Effects 
of game‐based learning on students’ mathematics 
achievement: A meta‐analysis. Journal of Computer 
Assisted Learning, 35(3), 407-420. https://doi.org/ 
10.1111/jcal.12347 

Wardat, Y., Jarrah, A. M., & Stoica, G. (2021). 
Understanding the meaning of the equal sign: a 
case study of middle school students in the United 
Arab Emirates. European Journal of Educational 
Research, 10(3), 1505-1514. https://doi.org/10. 
12973/eu-jer.10.3.1505 

Wijaya, A. (2017). The relationships between Indonesian 
fourth graders’ difficulties in fractions and the 
opportunity to learn fractions: A snapshot of TIMSS 
results. International Journal of Instruction, 10(4), 221-
236. https://doi.org/10.12973/iji.2017.10413a 

Worthen, B. R., White, K. R., Fan, X., & Sudweeks, R. R. 
(1999). Measurement and assessment in schools. 
Addison Wesley Longman. 

Zhang, L., Shang, J., Pelton, T., & Pelton, L. F. (2020). 
Supporting primary students’ learning of fraction 
conceptual knowledge through digital games. 
Journal of Computer Assisted Learning, 36(4), 540-548. 
https://doi.org/10.1111/jcal.12422  

 

 

https://www.ejmste.com 

https://doi.org/10.29333/ejmste/12070
https://doi.org/10.29333/iejme/634
https://doi.org/10.1080/10494820.2016.1167744
https://doi.org/10.1080/10494820.2016.1167744
https://doi.org/10.3102/0013189x20912798
https://doi.org/10.1145/3025453.3025593
https://doi.org/10.1145/3025453.3025593
https://doi.org/10.1016/j.compedu.2011.06.010
https://doi.org/10.1016/j.compedu.2011.06.010
https://doi.org/10.1109/rita.2015.2452673
https://doi.org/10.1109/rita.2015.2452673
https://doi.org/10.30935/mjosbr/9588
https://doi.org/10.18844/wjet.v12i3.4993
https://doi.org/10.1080/00029890.2021.1949218
https://doi.org/10.1080/00029890.2021.1949218
https://doi.org/10.33423/jhetp.v22i7.5269
https://doi.org/10.1111/jcal.12347
https://doi.org/10.1111/jcal.12347
https://doi.org/10.12973/eu-jer.10.3.1505
https://doi.org/10.12973/eu-jer.10.3.1505
https://doi.org/10.12973/iji.2017.10413a
https://doi.org/10.1111/jcal.12422
https://www.ejmste.com/

	INTRODUCTION
	Problem Statement

	METHODOLOGY
	Participants
	Instrument
	Procedure
	Data Analysis

	RESULTS
	Analysis of Research Questions
	Question 1: What is the effect of using digital games-based learning on students’ performance in fraction problem-solving?
	Question 2: Is there a difference in the performance in digital games-based learning between genders?

	Summary of the Results

	DISCUSSION
	Recommendation and Suggestions for Further Research

	REFERENCES

