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ARTICLEINFO ABSTRACT
Keywords: Background and Purpose: One of the major obstacles to learning multiplication and division in
Children, primary school is mathematics anxiety. This study was conducted with the aim of examining the
gamification, effectiveness of gamification in teaching multiplication and division on reducing mathematics
mathematics anxiety, anxiety in children.
multiplication and Method: The research method was quasi-experimental with a pretest-posttest design with an
division instruction experimental group and a control group. The statistical population of this study included all male

students studying in the third grade of primary school in Varamin in the academic year 2024- 2025.
Fifty-six students were selected as the study sample using the convenience sampling method and
based on the inclusion and exclusion criteria and were randomly assigned to two control and
experimental groups (28 students in each group). The educational intervention was conducted on the
students of the control and experimental groups during 20 sessions of 45 minutes. Teaching
multiplication and division was done using gamification for the experimental group and traditional
and non-gamification method for the control group. Data was collected using the most recently
validated version of The Mathematics Anxiety Scale for Children (MASC; Chiu & Henry, 1990) in
Iran was administered. The data were analyzed using one-way univariate analysis of covariance
(ANCOVA) and multivariate analysis of covariance (MANCOVA). The software used for data
analysis was SPSS-23.

Results: The results indicated that the gamification of mathematics instruction had a statistically
significant effect on reducing overall mathematics anxiety (F = 10.67, p < 0.001), evaluation anxiety
(F=4.13, p<0.001), learning anxiety (F = 25.18, p < 0.01), and teacher anxiety (F = 1.45, p < 0.01).
However, the findings showed that gamification did not have a statistically significant effect on
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Extended Abstract

Introduction

Multiplication and division are basic mathematical concepts in
elementary school. Learning mathematics, especially
multiplication and division, seems to be a problem for many
students and is one of the subjects that students prefer to avoid
learning (5). One of the factors affecting mathematics learning
is mathematics anxiety (3). Mathematics anxiety is a state of
fear, helplessness, disorganization, and mental stagnation that
occurs in some learners when they need to solve mathematical
problems (7). This type of anxiety is manifested in everyday
experiences as well as in classroom assessment situations.
Many students experience mathematics anxiety, which can lead
to lack of self-confidence and inability to remember (13) and
negatively affect their academic achievement, mathematical
performance (14), and career choices (15). One of the advances
in the field of education is the gamification of educational
environments, which can be used to increase student efficiency
and engagement. Gamification is defined as the application of
game elements, such as scoring, competition with others, and
game rules in other contexts (18). Also, as an innovative
solution in the educational environment, using game-like
elements has a positive effect on student interaction,
motivation, and self-efficacy (7, 20) and improves learning in
educational environments (7-24).

Despite the considerable effectiveness of this approach in
teaching and learning, as well as the persistent challenges
associated with mathematics education—particularly in the
instruction and learning of multiplication and division—and the
growing issues such as increased mathematics learning anxiety,
no study was found, based on the conducted searches, that
specifically examines the effectiveness of gamified instruction
on mathematics anxiety (related to multiplication and division)
in children. Addressing this gap, the present study was
conducted with the aim of investigating the impact of gamified
instruction in multiplication and division on mathematics
anxiety in the third-grade primary school students.

Method

The research method was quasi-experimental with a pretest-
posttest design with an experimental group and a control group.
The statistical population of this study included all male
students studying in the third grade of primary school in
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Varamin in the academic year 2024- 2025. Fifty-six students
were selected as the study sample using the convenience
sampling method and based on the inclusion and exclusion
criteria and were randomly assigned to two control and
experimental groups (28 students in each group). The inclusion
criteria consisted of the absence of learning disabilities, no
history of grade repetition or academic failure (based on
academic records and assessment), while the exclusion criteria
included absence from more than two instructional sessions and
incomplete completion of the questionnaire. The local
Department of Education (Varamin, lran) introduced the
school. To conduct the study, the instructional intervention was
implemented for the experimental group over 20 sessions, each
lasting 45 minutes. Instruction in multiplication and division
was delivered using a gamification-based approach for the
experimental group, while the control group received
instruction through traditional, non-gamified teaching methods.
The instructional content included teaching the concept of
multiplication (three sessions), instruction of the multiplication
symbol and reinforcement of the multiplication concept (three
sessions), teaching the properties of multiplication (four
sessions), memorization-based multiplication instruction (three
sessions), teaching the concept of division (three sessions), and
instruction in division using symbols and problem-solving
(four sessions). Gamification elements included immediate and
descriptive feedback, points, badges, and leaderboard
registration. The intervention program for gamification of
mathematical operations was developed based on various
sources (16-28) during various stages, and its validity was
confirmed by supervisors, consultants, and other experts using
a qualitative method. The instrument used to measure
mathematics anxiety was the most recently validated version of
The Mathematics Anxiety Scale for Children (MASC; Chiu &
Henry,) (30-32) in Iran. This questionnaire measures four
subscales: Mathematics learning anxiety, Mathematics
problem solving anxiety, Mathematics teacher anxiety, and
Mathematics evaluation anxiety. The data were analyzed using
one-way univariate analysis of covariance (ANCOVA) and
multivariate analysis of covariance (MANCOVA). The
software used for data analysis was SPSS-23.

Results
Descriptive indices of the experimental and control groups in the
pre-test and post-test stages are reported in Table 1.

Table 1. Descriptive indices of experimental and control groups

Variables Phase Group M SD Skew K
pre-test 29 I8 et 0.733 -0.450
. . . CG 1.97 0.74
Mathematics learning anxiety
ost-test 29 e 20 0.976 0.337
P CcG 1.42 0.56 ' '
pre-test EG 2.38 105 0318  -0.850
. . . CG 2.74 0.85
Mathematics evaluation anxiety
ost-test EG 2.66 0.85 0428  -0.493
P cG 1.69 0.56 : :
Mathematics problem solving anxiety pre-test EG 1.93 0.73 0.691 -0.297
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post-test
pre-test
Mathematics teacher anxiety
post-test
pre-test
Total Score
post-test
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CG 1.84 0.86

Eg 2;2 gzgg 0.761 0.112
Eg %:?g 8:?2 0.646 -117
cc L6 16 0341  -1.405
Eg ;?(73 8:2121 0.484 -0.430
CE?g igi 8:22 0.532 -0.367

Note. M = Mean, SD = Standard Deviation, EG, experimental group; CG, control group. skew = Skewness, k = Kurtosis, p<.05.

Based on the results of Table 1 in the test anxiety variable,
examining the mean of the two groups in the pre-test and post-
test stages shows that the post-test scores of the participants in
the experimental group have decreased. It should be noted that
obtaining a lower score in this test shows lower test anxiety.
Univariate analysis of covariance was used to examine the
effect of gamification of multiplication and division training on
the total score. The results of the covariance analysis showed
that the corrected post-test means of the experimental group in
math anxiety were (78.96) and the control group mean (10.67),
which is significant at the 0.000 level according to the F
statistic. Given this finding, it can be said that gamification of
multiplication and division training reduces math anxiety in
children. Also, multivariate analysis of covariance was used to
examine the effect of gamification of multiplication and
division teaching on the components of math anxiety
(mathematics learning anxiety, mathematics problem solving
anxiety, mathematics teacher anxiety, and mathematics
evaluation anxiety). After examining the assumptions of
multivariate analysis of covariance, the test results showed that
there was a significant difference between the two groups in
learning anxiety, problem solving anxiety, teacher anxiety, and
evaluation anxiety (P=0.000, F=6.96, Wilks' Lambda=0.64).
After examining the assumptions of the multivariate analysis of
covariance, the test results showed that there was a significant
difference between the two groups. To examine which of the
components the experimental and control groups differed in,
univariate analysis of covariance was used. According to the
results obtained, the F-statistic for learning anxiety (18.25),
teacher anxiety (1.45), and evaluation anxiety (13.4) is
significant at the 0.001 level, which indicates that there is a
significant difference between the two groups in these
components. However, the results show that there is no
significant difference in the problem-solving anxiety
component (34.5). The results of the corrected means in the
post-test showed that the mean of the experimental group in
learning anxiety (2.93), problem solving anxiety (468.8),
teacher anxiety (0.92), and evaluation anxiety (0.57) are lower
than the mean of the control group in these variables (4.13),
(1.45), (5.34), and (18.25), respectively. Considering these
findings, it can be said that gamification of education can help
create a safe and pleasant classroom atmosphere and, so, reduce
anxiety and its dimensions in students.
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Conclusion

The present study aimed to investigate the effectiveness of
gamification of multiplication and division instruction on
mathematics anxiety in the third-grade primary school students.
The findings showed that gamification leads to a reduction in
mathematics anxiety. In addition, the results showed that
gamification of mathematics instruction reduces mathematics
evaluation anxiety, teacher anxiety, and mathematics learning
anxiety in third-grade students. These findings are consistent
with the results of earlier studies (7), which have shown the
positive effects of gamified instruction on academic outcomes.
However, gamification did not have a statistically significant
effect on mathematics problem solving anxiety.

Based on the results obtained, gamification of education has a
significant effect on mathematics anxiety of third grade
elementary school students. This finding is in line with the
results of previous studies that have shown the effect of
gamification of education on increasing the effectiveness of
education (23, 22), solving educational problems (28),
increasing learning (25), academic performance (23, 24),
learning motivation (7, 24, 25), learning pleasure (23), interest
(23), participation (23), attitude and positive changes in
attitude, behavior, and psychology (23, 25), educational and
learning attractiveness (7), acquiring knowledge and learning
concepts and skills (23), cognitive abilities such as problem-
solving skills and critical thinking (27), concentration and
curiosity and commitment (23, 24), and reducing anxiety (7).
Based on the findings of the study, teachers can help create a
safe and pleasant classroom atmosphere through gamification
of education and, so, reduce students' anxiety.

In explaining the results, it can be said that by using
gamification elements such as points, competition,
participation, rewards, etc., a safe and pleasant psychological
and emotional environment can be provided for children. Also,
in gamification, due to the cooperation and teamwork between
learners and emotional support between group members, it
increases interest in learning and reduces anxiety. One of the
limitations of this research was the resistance of teachers to
using new teaching methods with a gamification approach, and
more time and explanations were needed to accept this method.
Based on the findings, it is suggested that training workshops
be held for teachers to familiarize themselves with gamification
in mathematics education.
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