New Educational Approaches

E-ISSN: 2423-6780

Vol. 18, Issue 2, No.38, Autumn and Winter 2024, P:135-156
Received: 28/04/2023  Accepted: 24/04/2024

New Educational Approaches

Research Article

The effect of Gamification on Problem Solving Performance, Motivation
and Engagement in Mathematics Course of 4" Grade Elementary School
Female Students in Shahin Shahr District of Isfahan Province

Azam Esfijani “="*: Assistant Professor of Educational Technology, Faculty of Education and
Psychology, University of Isfahan, Isfahan, Iran.
esfijani@edu.ui.ac.ir
Negin barat dastjerdi: Assistant Professor of Educational Technology, Faculty of Education and
Psychology, University of Isfahan, Isfahan, Iran.
N.dastjerdi@edu.ui.ac.ir
Mohadeseh Bateni: M.A. in Educational Technology, Faculty of Education and Psychology,
University of Isfahan, Isfahan, Iran.
bateni2014@gmail.com

Abstract

Nowadays, enhancing the quality of education stands as a critical imperative, driven by
various factors including budget constraints, inadequacy of appropriate educational
infrastructure, low level of knowledge and skills of graduates, overwhelming content in the
textbooks, classroom monotony, and a lack of student motivation, it has received the attention
of the educators and policy makers of education. This study aimed to investigate the effects of
gamification on problem-solving performance, motivation, and engagement of fourth-grade
female students in mathematics. This is applied research which employed quasi-experimental
method with a pre-test-post-test design with a control group. Research population was all
fourth-grade female students of the ShahinShahr district of Isfahan in 1400-1401 academic
year. The study utilized multistage cluster sampling method, in which 15 students were
randomly assigned into the control group and 15 students in the experimental group. Data
collected using a researcher-made test for measuring students’ problem-solving in the
mathematics (fractions in the fourth grade of elementary school), the learning motivation
questionnaire (Hu et al, 2016), and the learner’s engagement questionnaire (Reeve, 2013).
Descriptive and inferential statistics were used to analyze data using SPSS-23 software.
Results of multivariate covariance analysis showed that gamification was effective in
problem-solving performance, different types of learners’ motivation, and academic
engagement of fourth-grade elementary students (p<0.05). According to the results, it can be
argued that gamification has a positive effect on the performance of problem-solving,
different types of motivation (surface motivation, deep motivation, achieving motivation), as
well as various types of academic engagement (behavioral, cognitive, emotional and agentic
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engagement) of fourth-grade female students in mathematics. Considering these results, it is
suggested that teachers incorporate gamification as one of the effective strategies in teaching
mathematics in this grade.

Keywords: gamification, motivation, engagement, problem solving, and mathematics.

Introduction

Considering the growing innovations in the fields of technology and various sciences, it
seems that the educational ecosystem has now become an integrated system based on science
and technology (Njoku, 2022). In spite of this concern, many schools are still using
conventional methods such as lectures and exercises in teaching meths. As a results,
mathematics became an unpleasant and difficult subject for students and they faced problems
and challenges in its learning (Atin et al, 2022). During the past decades, researchers have
emphasized the use of technology and new methods in teaching math; linking its lessons with
real life and the incorporation of technology and new learning methods have created a new
vision in teaching and learning mathematics. (Ortiz et al., 2022). One of the new learning
methods is the use of gamification in which by employing simple game elements such as
points, medals, progress bars, challenges, and time teachers can turn a boring task into an
interesting learning activity. Considering that the three categories of motivation, conflict and
problem solving are considered important topics in effective learning of math lessons. In this
research, an attempt has been made to determine the effect of gamification elements on the
level of motivation according to the motivational theories of Malone, Lepper, and ARCS and
other theories such as flow theory, social learning theory, goal setting theory, operant
conditioning theory, self-determination theory, and Maslow's hierarchy of needs theory. The
review of literature reveals that gamification can motivate the learners, engage and
accompany students during the class, increase their academic achievement, their interaction
throughout the classroom, strengthen the connection of the learning experiences with real
world and improve the level of effective learning.

Methodology

This study is an applied research which employed quasi-experimental method with a pre-
test-post-test design with control group. The research population was all fourth-grade female
students of the Shahin Shahr district of Isfahan in 1400-1401. The study utilized multistage
cluster sampling method, in which 15 students were randomly assigned into the control group
and 15 students in the experimental group. According to the literature, different gamification
elements such as points, competitions, ranking, challenges and feedback, grouping,
leaderboards, timing and countdowns, scoring questions, skill-based assignments, wheel of
luck, rewards, PhET interactive activities, surveys, roadmaps, avatars, and educational
worksheets have been employed in the experimental group for teaching fractions. In order to
collect data, the researcher made questionnaire for measuring students’ problem-solving
performance was used. Also, two other tools including learning motivation questionnaire (Hu
et al, 2016) with three sub-scales of surface motivation, deep motivation, and achieving
motivation (r= 0.77), and learner’s engagement questionnaire (Reeve, 2013) with four sub-
scales of behavioral, cognitive, emotional and agentic engagement (r= 0.81) were employed.

Findings

According to multivariate covariance analysis, the main research hypothesis has been
confirmed. The results have shown that 0.972 or 97.2 percent of individual differences in the
improvement of research variables including problem-solving performance, different types of
motivation, and learners’ engagement in the post-test stage are related to the difference
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between the two groups. In other words, gamification has improved research variables in the
experimental group.

Discussion and Conclusion

The main goal of this research was to investigate the effects of gamification on problem-
solving performance, motivation, and engagement of the fourth-grade female students in the
mathematics. The results revealed that gamification can improve problem-solving
performance, engage students, and increase their motivation in mathematics. In spite of its
positive impacts, the gamification approach and its capacities has not received much attention
to improve the motivation and academic engagement and problem solving performance of
students in mathematics in our country. According to these results, it is suggested to teachers
incorporate elements of gamification such as medals, badges, and points, as well as the
roadmap and PhET program to create different types of engagement and motivate students in
mathematics. The use of timing, attractive educational clips, and the wheel of chance can
increase the involvement and participation of students, so it is suggested that teachers use
these element in their math classes.
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Table 1- Implementation steps in the experimental group
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Figure 1- Image of some elements used in the implementation process
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Table 2- Descriptive indices of the scores of the research variables by two groups and two stages of the research

Ja8 bt oy S e
Ol OsnTo 05037 NPT
VF/0 \/Y WY \/Y ol
s o > Shas
¥/ VO Y/f \/¥ s ol
YY/Y5 YY/VY oV VAN oSl _
é:«é.’:; Ej.g.ﬂ
¥/55 F/VY F/F0 $1\¢ s ol
/¥4 17004 \\A\S el 5ol
b
VAV VAV VY Y/AY S ol
Vo/Ys e/ LAY \o/98 SOl
e
Y/\Y Y/YY Ve f/vs Shas ol
Viny ks \Hias g oSl
ey
¥y Y/¥ Y0¥ Y/ e 31 il
rals YY/vE AT Yo/av ol _
J‘:“-"'E 6J:§J°
VV/FY VV/FA ¥/X VE/AY Shrs ol ol
VISV Ve/EY FY/AY 1 5ol
Sels
#/Y $/ A AT 5IYF e 31 il
AN VIVE YZIA¥ NIFY oSle
Y/AA Y/AQ V14 Y/FY Shas ol
V/£0 V/OA YV/¥y AOY ool
&bb
Y/YA \finx VY £/ S O3l il
AIVY AAd YV/0F A\ oSl
3
Y/vs Y/ar \/9Y Y/ Shas ol

5SSl s o 3, Shes Sl o Kb ¢ o 5 (LBl alal 0353 oo odalie ¥ Sl 55 45 6,8 Oles
S O g 3T oy Al o 53 (6 ey 531 ol 8 4 S 23T 09 8 55 0T slal 5 (i (5,555 5 oo

el 0303 0L O 5037 i 4
3 s ol (g et wlole ST e iy ) 03T iy SIS ke 5 beesls e sl

Sy el sl S puiboly Sl m Sl Glend (ca)p (e puillssS s 0503T Slaas s e



V¥4 OLan 5 bl €does v U 03 03 6,8 53 5050 s Jo 3 Ses 63l sl ST
Csls b bl S Sl 5200 51 Sl T oal s o eslizal WSTbpl 05a5T I as e cal ()
(BOX M=\V/A¥ 4F=Y/8f 4P=+/:00)

b Olaer 5 Jlaji €305 Slpad 5 (i ook linl S g5 ,mls 05057 51 035dbe s (2500 et ¢l p
SF= /) e o s Slas (6l Shg g mls 0s03T i Sl S Jol> S iS5 S 5 el anal
Givw 50l (P= /YA 5 F= 2 /AF) Joasw (6,8 55 5 (P= +/¥A s F= +AF) Luass ;550 «(P= /)
503 pdle i a e

53 5ar 050518l 2 35 0 g B 5l 5 558 w5 ptatizr il S o K5 e A e
Jis ite 5 deans (67555 5 o 5550 s o 5 S 0505T oy Jols o 31 05 55 ] 5
OY g F= RN dis o 3, e (La0 50T i ol ol 2 s g 2 O g0 3T g Al o 55 (Oleys B9))
5 s 13l Jis e L (P= /YA 5F= V14) a5, 55 «P=+/\) 3F= YV Laass 53500 «(P=
el 3 e3litl (6 ptadi il s S ol Slaads e (6313 i gl ol e 85 il 58w I ST
o o3l (g ez il s ST o 51 B slaans 5 0550 5T Sl copl pl el Slams 05037

O P S WO IS P  CRP-JOF SR LS PR PYC g W i Ly b Y s
Table 3- General results of multivariate covariance analysis of the effect of gamification on research
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