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ABSTRACT

Fractions have great importance for primary students in mathematics education and are
one of the most problematic concepts they encounter in their school life. This research
study aimed to examine the effectiveness of a game-based app (Slice Fractions) to help
students to develop their academic performance and self-efficacy in fraction skills
during distance education. A total of 142 fourth grade students from eight different
classes participated to the study. A quasi-experimental method was used to assess the
impact of the Slice Fractions game on student learning and self-efficacy of the concept
of fractions in the fourth-grade math course. The self-efficacy scale and the diagnose
test for fractions were applied to the fourth-grade students. The results showed that the
students in the game group had significantly better learning performance in fractions
than students in the non-game group. Similarly, the students in the game group had
significantly better self-efficacy in fractions than students in the non-game group.
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OZET

Matematik egitiminde biyiik 6nem tastyan kesitler konusu ilkégretim Sgrencilerinin
okul hayatlarinda karsilastiklart en problemli kavramlardan birisidir. Bu calismanin
amact, uzaktan egitim sirasinda oyun tabanli bir uygulamanin (Slice Fractions)
ogrencilerin kesitler konusundaki akademik performanslarint ve 6z yeterliklerini ne
denli gelistirmelerine olanak sagladigini incelemektir. Arastirmaya sekiz farkli siniftan
toplam 142 doérdincii siif Sgrencisi katilmistir. Calismada yart deneysel arastirma
yontemi kullanilarak Slice Fractions oyununun O&grencilerin kesitler kavramini
Ogrenmesinde ve Oz-yeterlik konusunda etkisi arastirilmistir. Arastirmaya katilan
ogrencilere kesitler 6z-yeterlik 6lcegi ve kesirler basart testi uygulanmustir. Yapilan
analizler sonucunda, oyun grubundaki Jgrencilerin, oyun oynamayan gruptaki
ogrencilere gore kesitlerde 6nemli 6lctide daha iyi 6grenme performansina ve daha iyi
6z-yetetlige sahip olduklari sonucuna varilmigtir.
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INTRODUCTION

Fractional concepts in mathematics education are difficult and complex to understand for both students
and adults (Hecht et al., 2007). It is one of the abstract concepts that form the basis of daily life issues
relevant to rational numbers and problems (Charalambous & Pitta-Pantazi, 2005; Naiser et al., 2004) and
that students encounter for the first time in school life (Olkun & Toluk-Ucar, 2014). It is known that the
concept of fractions was used to describe amounts less than one whole in a variety of civilizations since
ancient times (Cajori, 1999). Today, the topic of fractions is included in almost every stage of formal
education. In fact, the concept of the fraction begins in the pre-school period with quarter and half
concepts, with awareness of whole and half fractions in 1st grade of primary school, and then the
association of quarters with whole and half concepts given in 2nd grade. In 3rd grade, the part-whole
relationship is emphasized and concepts related to fractions are described and the unit fraction concept
is considered to reinforce the relationship between numerator and denominator and finally, in 4th grade,
students are expected to define and use simple, combined, and whole number fractions. Additionally, the
objective of the 4th-grade curriculum is to add and subtract fractions with equal denominators (MEB,
2018). Early fractions difficulties seen in schools are a significant indicator for future achievement in
mathematics (Watts et al., 2014). In this sense, fraction plays an important role in enhancing mathematics
topics such as algebra or geometry and in high functioning skills for a productive and successful life
(Bailey et al., 2012; Haser & Ubuz, 2003; Siegel et al., 2010; Siegler et al., 2013; Aksu & Konyalioglu,
2015). However, it is well known that students, and even teachers, experience a range of difficulties in
learning fractions, such as having misconceptions about whole numbers as decomposable units (Ni &
Zhou, 2005), misunderstanding the part-whole notion of fractions (Brousseau et al., 2004), and
conceptual and procedural understanding of fractions (Gabriel, et al., 2013) which are associated with
many mathematical concepts (Hecht & Vagi, 2012; Lortie-Forgues, et al., 2015). Due to the structural
diversity and complexity of fractions, it is a process that requires time and careful planning for student
conceptual learning at every school level (Alacaci, 2015; Pesen, 2007).

Developing students’ self-efficacy beliefs and learning achievement has been viewed as a challenging issue
in mathematics education (Peters, 2013; Soylu & Soylu, 2005). Researchers have attempted to cope with
this issue by offering effective teaching approaches or digital tools in traditional teaching environments
(Hung et al, 2014). As the impact of developments in technology on education becomes more
widespread, learning environments and instructional contents have begun to be designed in a way that is
independent of time and space. Due to the difficulties experienced related to fractions and the importance
of fractions in the curriculum, educators and teachers have oriented toward discovering new
technological devices such as iPads, smartphones, and Kindles to make this concept more meaningful
for students. In fact, findings obtained from studies in the literature show that with the popularization of
mobile devices, the number of studies on mobile learning is increasing every year, are beneficial, and can
be used for learning and teaching mathematics. Most research supports the idea that the effective use of
mobile tools can improve mathematics teaching and increase the academic performance of students
(Musti-Rao & Plati, 2015; Zhang et al., 2015). Additionally, the use of mobile technology is unavoidable
due to advantages like visualization of fractions, the ability to make changes to the visual representations
through technology, and the ability to learn at an individual pace (Bruce & Ross, 2009; Suh & Moyer-
Packenham, 2008). Through the use of the game-based mobile application in education, it is more
convenient to explain mathematical concepts with interactional multiple representations (Riconscente,
2011). Mobile learning provides important opportunities for students to meet the individual differences
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and needs of students in a challenging subject such as fractions. Therefore, the Slice Fractions is an award-
winning fraction game and is an incredibly fun way to learn fractions. In this context, the question that
comes to mind is "how a game-based mobile application (Slice Fractions) affects the academic
achievement and self-efficacy of fourth-grade students' learning about fractions in compatison with
traditional instruction? In order to answer this question, first of all, studies that focus on the importance
of fractions in learning and the use of mobile learning in mathematics education have been compiled by
reviewing the relevant literature and presented to support the theoretical background of the study.

Theoretical Framework
Fractions and Self-Efficacy

Fractions have great importance for primary students in mathematics education and are one of the most
problematic concepts they encounter in their school life. Despite this importance, theoretical and
empirical-based studies reflect that students and even teachers have some misconceptions and difficulties
about fractions for a variety of reasons, factors may be listed as; natural number bias (Van Hoof et al.,
2018), symbolic representation (DeWolf et al., 2015), teaching form of fractions (Ipek et al., 2005),
learning with a rule-based approach (Bulgar, 2003), not perceiving a fraction as a number but seeing it as
a certain portion/amount of a shape/whole (Kerslake, 1986), petceiving the numerator and denominator
of fractions as two different whole numbers (Cramer & Whitney, 2010; Siegler et al., 2011), inability to
distinguish parts with equivalent value to the whole (Haser & Ubuz, 2003) and fractions having more
than one meaning (Dickson et al., 1993).

In order for students to have a sturdy foundation for the fraction concept, it is necessary to concretize
and visualize how fractions work. After teaching natural numbers at the primary school level, when
fractions begin to be taught, especially, students experience difficulty understanding the topic; this
situation creates an effect on the students' performance, self-efficacy, and attitudes about fractions (Soylu
& Soylu, 2005). Related to this, when a student is learning a topic, high self-efficacy related to that topic
is crucial for learning. Bandura (1982) expressed the self-efficacy concept as personal judgments related
to what a person can do if they encounter a probable situation. According to Kauchak and Eggen (1998),
the self-efficacy beliefs of an individual are a good motivation component for learning. People with high
self-efficacy beliefs about any topic were identified to expend more effort to succeed in the process of
working at something and did not immediately give up to succeed at the work (Bonne & Johnston, 2010).
Contrary to this, people with low self-efficacy beliefs feel stressed in the process of succeeding at
something and are said to be aggressive in situations (Bandura, 1997). People are expected to have strong
self-efficacy beliefs to reveal competency in learning processes and not to experience negative feelings.
If it is considered that the topic of fractions is generally a complicated concept for students, promoting
the self-efficacy of students about fractions carries great importance in the name of changing this idea.

Research shows that when the fraction concept is not learned well, it negatively affects the learning of
other topics in mathematics like rational numbers, decimals, and percentages, ratio and proportions,
operations with fractions, algebraic expressions, and equations (Ipek et al., 2005). For this reason,
developing fractions sense is very important for basic mathematics education (MEB, 2018). In order to
resolve difficulties experienced by students in fractions teaching and to support better comprehension of
the concept of the fraction, the use of multiple representations is recommended (Cramer et al., 2008;
Eroglu, et al., 2019). According to Pesen (2007), the ‘part-whole’ relationship concept is very important
when teaching fractions. Sowder (1995) stated that comparisons of part-whole in fractions involve
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physical or mental actions. There is no limitation about the area, length, and cluster models that can be
used to show the part-whole relationship. Cramer et al. (2008) and Olkun and Toluk-Ucar (2014) stated
that circle-rectangle area models were effective to show this relationship. Additionally, when students
perform comparison and ordering processes for fractions, they need to be aware that they are working
with a ‘whole’ with the same dimensions. Misunderstanding of this concept will cause errors in comparing
and ranking fractions. For this reason, rather than passing over symbolical representation quickly before
developing a conceptual understanding, it is important to develop number sense related to fractions
which students have less probability of forgetting (Jones, 2012; Lamon, 2012).

Mobile learning (The Use of Game-based app in Education)

Game-based mobile learning is becoming very popular because they improve learners’ achievement in
mathematics (Fabian et al., 2016). In addition to this, game-based apps offer entertaining activities,
learners' motivation on task was developed, and it encouraged students to learn problematic topics (Carr,
2012). With regards to the feature of digital games, these games, such as Slice Fractions (one of the apps
to teach the notions of the fraction to students who are the age of 8-12), might help them to increase
mathematics learning by developing their self-efficacy beliefs for attempting to solve a problem over and
over when they are not successful. Playing digital games develops the enjoyment and interest of students
in learning mathematics (Cyr et al., 2019). Moreover, these game-based apps could be utilized as virtual
manipulatives (Riconscente, 2013).

Berch and Mazzocco (2007) stated that conceptual understanding and fraction sense are interchangeable,
and interacting with mathematics games has the potential to develop mathematical skills. One of the
methods assisting in developing fractions sense is the use of manipulatives and pictorial representations
of fractions (Long et al., 2015). In this sense, breaking up sections, gluing, and overlapping activities are
frequently used with technological tools or a variety of geometric shapes. In this context, it is important
to ensure meaningful learning with concretization and modeling through multiple representations of
abstract concepts like fractions by students (Van de Walle et al., 2013).

There are limited studies in the literature assessing the effect of the game-based app about fractions on
4th-grade students' learning achievements and self-efficacy. For example, the semi-experimental study by
Cyr et al. (2019) identified that a mobile-based slice fraction game positively contributed to student
success about fractions. Additionally, they revealed that learning was more affected compared to other
traditional methods and that it played a potential role in making the teaching-learning process more
efficient. Another positive aspect of mobile learning appears to be the role in making it easier to learn
abstract concepts by concretization (Lee, 2010). In this sense, mobile-based applications are a very
important material in the sense of the efficiency of the learning environment. A study by Masek et al.
(2017) found that the experiment group with access to games in addition to direct teaching received
higher points compared to control group students. When students with lower levels of fraction skills are
examined especially, students with access to games appeared to have larger developments in skills.

There are a limited number of studies on the effect of using a game-based application on students’
achievement and self-efficacy in Turkey. Thus, more attention has been directed in general towards
students' attitude, motivation, perception of the use of mobile technology in the mathematics context.
Riconscente (2013) expressed that there is no study including controlled experiments that assessed the
effectiveness of a game-based mobile app for increasing learning outcomes. Based on all of these, in this
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study, the aim was to use a game-based mobile application in the distance education process to ensure
concretization and meaning through multiple representations or modeling of abstract concepts with
technology, which has an important place in the lives of students today. In line with this aim, the facility
to use a digital game called slice fractions ensuring the opportunity to associate the fractions topic in
teaching with mathematics in the daily life of students with distance education was provided. For this
reason, the effect of a game-based application developed for the fractions subsidiary learning area, one
of the basic concepts included on the 4th-grade mathematics lesson curriculum, on academic success and
self-efficacy related to the mathematics of students was investigated.

The Purpose of the Research

Within the scope of this research, it will be investigated how a game-based application in the distance
education process affects the academic achievement and self-efficacy of fourth-grade students' learning
about fractions. In line with this aim, answers to the following questions were sought:

(1) What is the development of academic performance and self-efficacy about fractions of 4th-grade
students in the experimental group?

(2) What is the development of academic performance and self-efficacy about fractions of 4th-grade
students in the control group?

METHOD
Research Model

In this study, the quasi-experimental method was used to assess the impact of the Slice Fractions game
on student learning and self-efficacy of the concept of fractions in the fourth-grade math course. The
objective of the unit was to educate the students learning of the concept of fractions. For this purpose, a
quasi-experimental design with experimental-control groups was used. The quasi-experimental method
is one of the methods commonly used in educational research (Cohen & Mannion, 1994). The purpose
of this method is to test how the change seen in one group is different from the change in the other
(Buyukoztirk, et al.,, 2008). The independent variables were the different types of learning, while the
dependent variables were learning achievement and self-efficacy scores on learning fractions. The self-
efficacy scale for fractions and the diagnose test for fractions were applied to the 4th-grade students in
both the experimental group and the control group before the subject of fractions was explained. The
change in students’ achievement and self-efficacy regarding fractions was examined.

In this study, two different types of math classes were compared. A total of four traditional classes were
assigned to the control group (non-game group) and four-game classes assigned to the Slice Fractions
experimental group (game group). A total of eight classes included the same learning objectives and
content.

Based upon the literature review, the following hypothesis formulations were tested:

e Students in the game group would have significantly better performance in learning fractions than
students in the non-game group.

e Students in the game group would have significantly better self-efficacy in fractions than students
in the non-game group.
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Participants

The participants were randomly selected from the primary schools in the city of Artvin, located in the
northeastern part of Turkey. In total, 142 fourth-grade students (64 boys and 78 girls) from eight different
classes agreed to participate in this study. All participants were aged from 10 to 11 years old. They also
had the same learning objectives and content related to fractions during the study. Each class was
randomly assigned to one of the following groups: the traditional non-game group (4 classes) and the
game group (4 classes).

Ethical Statement

All procedures performed in studies involving human participants were in accordance with the ethical
standards and with the Helsinki Declaration and its later amendments or comparable ethical standards.
Informed consent was obtained from all individual participants included in the study. In line with this,
the study was permitted by Artvin Coruh University Scientific Research and Ethical Review Board.

Material

Slice Fractions Game: The participants in the game group interacted with Slice Fractions game during
the study. The game was developed by a team of learning experts from the University of Quebec in
Montreal. The main purpose of the game was to increase students’ understanding of abstract and
symbolic elements of fractions. By playing the game, students were expected to learn the following
concepts;

e Part-whole partitioning: Understand how to slice one whole into equal shares

e Fraction symbols: Understand that a numerator counts as equal parts.

e [Fraction reading: Understand how to read fractions.

e Numerator / Denominator notation: Understand how to use numerator and denominator
e DPie charts: Understand how to use pie charts to represent fraction values.

e [Fraction equivalence: Understand how to use equivalent fractions.

e Fraction ordering: Compare fractions successfully

e Fraction addition: Understand how to add additional block fractions to ice block fractions

In the game, students must move a woolly mammoth forward by removing obstacles that block its path
to find its family. To do that, they must slice through pieces of ice and lava. Students must figure out on
their own how to associate equivalent parts of ice and lava to clear out the mammoth's path (See Figure

1.
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Figure 1. Example of different levels showing the game’s progression
Instruments

TIMMS Knowledge Test. The pre and post-knowledge test questionnaires about fractions were
designed to assess students' knowledge of fraction concepts during the study. The questions were picked
from the Trends in International Mathematics and Science Study (TIMMS) exams for 4th grades from
2011 to 2019. The knowledge test included 15 multiple-choice questions on fractions concepts, which
were derived from both the learning objectives of the course and the concept of the Slice Fractions game.
To adequately measure student progress, the same questions with different orders were used in both pre
and post-tests. Therefore, students in both classes would need to remember the same information to be

able to answer the knowledge test questionnaires.

Self-efficacy Scale. In this study, a scale of self-efficacy of primary school students towards fractions
developed by Uz (2018) consisting of 18 items under 4 sub-dimensions in total was used. This scale is a
Likert-type scale with 5 options consisting of never, occasionally, sometimes, often, and always. The
researchers gave the final version of the scale at the end of three stages. In the first stage; 24 items were
created and data were collected with 300 students. In the second step; 3 items were removed and the 21-
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item version was applied to 400 students, and in the third stage, exploratory factor analysis was conducted
to assess the validity and reliability of the scale. As a result of the Factor Analysis, 3 items were removed
from the scale; It was determined that the remaining 18 items explained 48,557% of the total variance
and gathered in 4 factors. Cronbach's Alpha index was calculated for the reliability of the 18-items scale
whose validity had been approved and it was found 0,812 for the whole scale. As a result of the analysis,
a 3-dimensional, 16-item scale with proven validity and reliability has emerged with Cronbach Alpha
values of .85, .69, .53, and .50, respectively.

Procedure

The participants of the study were chosen from eight fourth-grade classes from primary schools located
in Artvin. These 8 classes were randomly assigned the following conditions: the traditional non-game
group (regular teaching) or the game group (regular teaching + playing Slice Fractions game). By the time
this study was conducted, all lessons were delivered via online learning platforms due to the COVID-19
pandemic. Before the teachers started to fractions unit, the students completed the web-based pre-test
questionnaire individually in synchronized online classes. After completing the pre-test questionnaire, all
students in both groups started to take lessons about fractions. In the game group, the teachers asked
their students to download Slice Fractions game to their smartphones or tablets. They provided detailed
information about the game. The traditional group had no additional learning materials while the game
group played the Slice Fractions game. For groups playing the game, students had four separate one-hour
periods to complete as many levels as possible (1 hour per week for 4 weeks).

Data Analysis

To investigate the potential differences between the control (non-game) and the experimental (game)
groups regarding the learning performance and self-efficacy in fractions collected in the pre-test
questionnaire, Levene’s test of homogeneity of variances was performed. After investigating the potential
differences of the two groups before the intervention, the paired-samples t-test was used to investigate
the effectiveness of both learning methods on students' knowledge and self-efficacy of fractions. Finally,
the repeated measures of ANOVA test was used to illustrate the main and interaction effects on the
variables. All of the analyses were performed using the SPSS 19.0 application with a significance level of
0.05.

RESULTS
Comparison of the two groups with regard to the knowledge tests

The first purpose of this study was to explore the effectiveness of the game-based app in terms of
improving the learning performance of the students in fractions. In each knowledge test questionnaire
(pre-test and post-test), the students could score up to 15 points. The mean values and standard
deviations of the pre-test scores were 8.93 and 3.43 for the non-game group, and 7.17 and 3.68 for the
game group. The analysis of Levene’s test showed that there was no statistically significant difference
between the two groups with, [F(1, 140) = 0.925, p = 0.338]. Therefore, this indicates that the two groups
of students had equivalent prior knowledge before the intervention.

The results for the paired-samples t test showed a statistically significant difference for both groups with
[t =-2.61, p = 0.01] between the pre-test (M = 8.93, SD = 3.43) and the post-test (M = 9.76, SD = 3.46)
for the non-game group and [t = -10.39, p = 0.00] between the pre-test (M = 7.17, SD = 3.68) and the
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post-test (M = 12.11, SD = 3.00) for the game group respectively. Consequently, it can be concluded that
the students in both groups gained some new information during the two types of classes.

Finally, the results of the repeated measures of ANOVA indicate a significant main effect of time,
F(1,142)= 585.80, p=0.001, n2=0.580; a significant interaction effect of group learning by time,
F(1,142)= 298.29, p=0.001, n2=0.429. Thus, it can be concluded that there was a difference in the
students' learning performance before and after exposure to group learning as measured and indicated
by the pre-test and post-test scores of the students' learning of the fraction concept. The results showed
that there was an interaction between group learning and test time. Thus, these findings imply that game-
based intervention had a significant impact in improving students' learning performance.

Comparison of the two groups with regard to the self-efficacy tests

The second purpose of this study was to explore the effectiveness of the game-based app in terms of
improving the students’ self-efficacy in fraction skills. In each self-efficacy scale test (pre-test and post-
test), the students could score up to 90 points. The mean values and standard deviations of the pre-test
scores were 57.79 and 9.26 for the non-game group, and 56.47 and 10.53 for the game group. The analysis
of Levene’s test showed that there was no statistically significant difference between the two groups with,
[F(1, 140) = 1.608, p = 0.112]. Thus, this shows that the two groups of students had equivalent self-
efficacy scores towards the fraction skills before the intervention.

The results for the paired-samples t test showed that there is no statistically significant difference for
non-game groups with [t = 1.17, p = 0.245] between the pre-test (M = 57.79, SD = 9.26) and the post-
test (M = 59.16, SD = 11.00) for the non-game group. However, the results showed a statistically
significant difference for game groups with and [t = -3.08, p = 0.003] between the pre-test (M = 56.006,
SD = 10.37) and the post-test (M = 63.87, SD = 9.49) respectively. Therefore, it can be concluded that
the students’ self-efficacy towards learning fractions increased in game groups.

Finally, the results of the repeated measures of ANOVA indicate a significant main effect of time,
F(1,142)= 1476.6, p=0.001, n2=0.232; a significant interaction effect of group learning by time,
F(1,142)= 726.4, p=0.001, n2=0.180. Thus, it can be concluded that there was a difference in the
students' self-efficacy scores before and after exposure as measured and indicated by the pre-test and
post-test scores of the students' self-efficacy of the fraction concept. Thus, these findings imply that
game-based intervention had a significant impact in improving students' self-efficacy in fractions skills.

DISCUSSION

This research aimed to examine the effectiveness of a game-based app (Slice Fractions) to help students
to develop their academic achievement and self-efficacy during distance education. According to the
findings of the study, it was seen that the success scores of the experimental group students who received
a game-based mobile application-supported education in addition to distance education lead to a higher
increase in the subject of fractions than the control group students who only received distance education,
and the students’ level of comprehension of this subject increased. In addition, it was found that the
mathematics course carried out with the digital video game-supported educational activities had a positive
effect on the students' self-efficacy beliefs about fractions. As a result, it was determined that the
experimental group students showed a significant difference in their self-efficacy beliefs and academic
achievements about fractions, which is one of the important topics in mathematics.
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These results are similar in terms of the positive contribution to the learning outcomes of the students
to previous studies that have examined the effectiveness of using a game-based app in mathematics
education. For instance, As stated in the studies of Cyr et al. (2019), the mobile compatible digital video
game, which provides active participation and allows multiple displays, offers students effective learning
in an educational process. It is even stated that because of this process and its advantages, educational
games are being used more as complementary teaching tools for mathematics education. In addition, in
this study, it was revealed that the use of the game caused a significantly greater increase in learning
compared to the traditional teaching without the use of games. As one of the reasons for this, educational
games create cognitive conflicts in individuals and put users in a state of imbalance (Annetta, 2010).
Learning results from the resolution of these conflicts. From Piaget's point of view, learners use these
new experiences and relate them to previous knowledge so that they can absorb new knowledge (the
concept of fractions). It has been stated that the Slice Fractions game, designed for educational purposes,
helps students who have no previous knowledge about fractions to understand intuitively and move to a
more abstract understanding through virtual manipulatives (Cyr et al., 2019). In addition, it is stated in
the literature that the use of technological tools is an effective approach because it allows students to
manipulate the visual representations of fractions in a virtual environment and thus helps students
understand (Aslan, 2011; Moyer-Packenham & Bolyard, 2016). Similarly, Simsek (2016) stated that,
according to the results of his study, all students' knowledge and skills about fractions improved after
interacting with the mobile application called Motion Math: Fraction, and even after a long break from
using it, it maintained its permanence.

Research reveals that when used effectively, digital game-based learning environments increase students'
performance, interest, motivation, and self-efficacy (Hung et al., 2014; Wouters et al., 2013; Yu, 2019).
Unlike entertainment games, digital video games are designed for education rather than entertaining
(Nazry et al.,, 2017). One of the reasons why mobile-based educational games are effective in education
may be their effects on students' affective states. Game-based mobile applications that offer a recreational
environment play an important role in the formation of affective states such as sadness, happiness, and
anger (ibid). Effective educational video games try to create a positive motivation to encourage users to
keep playing, which helps increase interest in the game and demonstrate better academic achievement.
In line with these results, it has been determined that both learning environments have different effects
on increasing the success of the students, and supporting distance education with a game-based mobile
application in addition to the process is more effective in increasing the achievement and self-efficacy of
the students.

Limitations and Implications

This study is a quasi-experimental study with a control group to explore the effect of a game-based mobile
application on the mathematics achievement and self-efficacy beliefs of fractions of 4th-grade students
who learn fractions in the process of distance education. The study, which presents a theoretical
framework and empirical evaluations in line with the findings, has some limitations. The first of these
limitations is that due to the fact that the study is quasi-experimental, it was carried out on a limited
number of students and in a limited time. Although all statistical results in the study give positive results
on the suitability of the group, this may limit the generalizability of the results of the study. The second
limitation is to be handled within the framework of a certain subject and to choose suitable mobile
applications in this direction. As a matter of fact, although this is the right approach, the suitability of the
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preferred mobile application in future studies and the management of the process may lead to different
results.

It is considered that this study has important contributions to both theory and practice in the field of
mathematics education in terms of revealing the effectiveness and benefits of technology use in
mathematics education and a digital game-based mobile application supported mathematics education
applications. In line with the purpose of the study, we can state that a digital game-based application
contributes to students' associating mathematics with daily life, embodying abstract concepts and making
sense of these concepts in the teaching of fractions, which is one of the complex and difficult subjects
of mathematics. As a matter of fact, this situation is an indicator of the success achieved, as well as the
positive development in students' self-efficacy perceptions. On the other hand, the main source of the
experimental group being much more successful than the control group as a result of the study may be
the mobile application or teaching method used. Although it is very difficult to give a clear answer to this
situation, which is also seen as one of the limitations of the study, it is possible to say that all elements in
the implementation process have the potential to affect success, according to the findings obtained from
this research. In this direction, based on the results obtained from the research;

e Using mobile technologies that can be used anytime and anywhere, as well as digital video games
that allow learning while having fun, in mathematics education,

e Supporting the processing of mathematical subjects by establishing a connection with real-life
with appropriate methods and techniques,

e Supporting the use of technology and accompanying applications in the process that will
contribute to the teaching of mathematics by students,

e Carrying out similar studies in other levels of education and other mathematics subjects,

recommendations are made.
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