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CEMECICRERE e LR The rapid transformation in technology and the evolving

lifestyles of the new generation have significantly exposed today's students to the "digital
divide." This divide has led students to seek more interactive, engaging, and personalized
learning methods. Digital educational games are powerful tools for bridging this gap and
providing captivating learning experiences. This research aimed to investigate the impact of
game-based educational applications (apps) on facilitating mathematics learning among
second-grade elementary students.

This study employed a quasi-experimental design with pre-test, post-test, and a
control group. The statistical population comprised of all female second-grade elementary
students in Firoozkooh during the 2023-2024 academic year. The research sample was
conveniently selected from Golehaye Behesht Girls' Elementary School, consisting of two
intact natural classes. Specifically, two classes out of the three second-grade classes in this
school were chosen, with one class randomly assigned to the experimental group and the
other to the control group. The primary educational tool used in this study was the "Chakmeh"
digital game, developed by the researcher using the Unity game engine. Unity is a robust and
flexible engine for creating both 2D and 3D games. The game comprised 52 pages and
featured four educational stages based on the concepts of process-oriented addition and
subtraction from the second-grade mathematics textbook (place value, number patterns,
introductory addition and subtraction, and advanced addition and subtraction). A researcher-
made mathematics test was used to assess process-oriented addition and subtraction
concepts. The experimental group received instruction for 18 sessions based on a curriculum
designed according to the Karbasi-Jiménez model, utilizing the new game-based teaching
method with the "Chakmeh" digital game. In contrast, the control group was taught using
traditional methods. Data analysis involved descriptive statistics (mean and standard
deviation) and inferential statistics, specifically univariate analysis of covariance (ANCOVA).

The results of the ANCOVA revealed that students in the experimental group, who

learned using the "Chakmeh" digital game, showed significant improvement in learning
process-oriented addition and subtraction concepts compared to the control group
(p<0.0001). The effect size (n2=0.43) indicated that 43% of the variance in students'
mathematics scores could be attributed to the use of the educational game. Furthermore, the
calculated Cohen's d (1988) of approximately d=1.74 falls into the category of a large effect.
These findings demonstrated the effectiveness of digital game-based learning in facilitating
mathematics concepts for second-grade elementary students.
The findings of this research suggest that the implementation of game-based
educational applications is an effective method for facilitating the mathematics learning
process and enhancing motivation among elementary students. Given these results, the
design of such applications should be based on the individual needs of students and used as
a supplement to traditional teaching methods. Overall, this study indicates that using
gamification in mathematics education has high potential and capacity for improving learning
and increasing student motivation. Therefore, it is recommended that this tool be used more
extensively alongside other methods, and with consideration for individual student
characteristics, to enhance the quality of learning and overcome the limitations of traditional
approaches.
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Table3: Digital game-based learning intervention protocol for CHAKMEH
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Practical exercises

098 485 gal e ralel g olsS 09,5 ljgel sls 5l
A pre-test will be administered to both the control and experimental
groups.

Dol Cuso Ql}yiuula L J Slgize g daS> Jlizms 5L L akaly o
Students will be introduced to the digital game "CHAKMEH" and its
content.
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Several students will be randomly selected to throw balls into a basket
in a competition. They will then count the balls and play levels 1 and 2
of the "CHAKMEH" game on the smart board.
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The teacher will write numbers on a dartboard. A randomly selected
student will throw darts at the board. Other students will use tally
marks to record the numbers hit. The teacher will then repeat this
process with two more numbers, and students will use continuous

tally marks. Afterward, students will play levels 5-8 of the "CHAKMEH"
game
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Sk Administering a pre-test to Pre-test First
Pre-test paper, assess learners' prior
pencil, eraser knowledge before
implementing the protocol
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Video projector 'M’S eacheran Second
The teacher introduces stud.er\ts bgcome
students to the digital famlllar “{'th the
game's content with the instructional
goal of learning math content.
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Aoogd 5'“. Reviewing the ]
Ball, basket, smart The teacher reviews the concept of Third
board concept of counting with counting with
students through a game- students
based approach
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Reviewing

Tally marks, darts,
dartboard, smart
board

(The teacher will review
counting with students using
tally marks in a game-like
manner.)

counting shapes

using tally marks

and continuous
tally marks.
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. comparison
D9 smart board session's homework and s:>
Four apples will be placed in one basket and ten in another. Students provide feedback.
will be asked to compare the quantities. This will be repeated with 2) The teacher will review
different numbers of apples. Afterward, students will play levels 3 and the concept of comparison
4 of the "CHAKMEH" game. For homework, students will practice (<=>, =) with students.
counting and comparing numbers
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Each student will have matchsticks on their desk. After reviewing ones " . erba ) Aewlewt © previous reviewing the
o whiteboard, session's homework and concepts of ones
and tens, the teacher will write numbers on the board, and students smart board rovide feedback d ith
will use matchsticks and rubber bands to represent the numbers. marker 2 Thsteacher e dthe an tzns witl
Afterward, students will play levels 22, 25, and 26 of the "CHAKMEH" students.
ame concepts of tens and ones
8 . with students.
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ools (g0l il (Sl (3] yamme by Gy iz ans dnndr (sl Abacus, smart The teacher will review the Introducing and Seventh
g board concept of pcliace value with reviewing the
students.
The teacher will review ones and tens using an abacus. Students will abacus and place
then represent two-digit numbers on the abacus. Afterward, students value chart.
27 of the "CHAKMEH" game. For will play levels 23, 24, and
homework, students will practice place value
5 b andz G5 (o 200
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Students and the teacher will use manipulatives to visualize addition

and subtraction. After practicing with manipulatives, students will play
levels 28-31 of the "CHAKMEH" game
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A student will randomly select an addition or subtraction problem. The
teacher will review the concept using tally marks, and then students
will practice independently. Afterward, students will learn multi-digit

addition and subtraction and play levels 9-13, 34-36 of the
"CHAKMEH" game

marker,
whiteboard, video
projector

oI5 axdgocs

Laign

Question box,
tally marks, smart
board

session's homework and
provide feedback
2) The teacher introduces
students to manipulatives
and then teaches two-digit
addition and subtraction
using them
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The teacher reviews single-
digit addition and
subtraction and teaches
multi-digit addition and
subtraction to student

using
manipulatives.
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FHLRVES PPNt
Srhe %
Single-digit and Ninth
multi-digit addition
and subtraction in
horizontal format.
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The teacher will write numbers 1-10 on circles in the playground. board homework and provide nugmbergs
Students will stand on a number and count forward and backward. In feedback
the classroom, the teacher will introduce the number chart and 2) Introduce students to the
students will practice counting forward and backward. Afterward, number chart ‘and how to
students will play levels 16, 17, and 21 of the "CHAKMEH" game use it
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: : number chart, number chart organized by and backward by
29 00ls g0l rils 4y slael ol iy jamma by o ped iz (g0 dud> smart board, tens. tens.
Each student will have a set of 100 beads. The teacher will write chocolate
single-digit numbers, and students will represent the numbers and
their neighbors using the beads. Students will also count by tens
forward and backward. Afterward, students will play levels 18-20 of
the "CHAKMEH" game. For homework, students will practice number
patterns
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25 00ls lgal il Balloon 0o subtraction in
1) Review h k and
First, the teacher will teach students mental addition and subtraction. ) leew omework an vertical format.
provide feedback. 2) Teach
Then, students will randomly pop balloons with written addition and students single-digit mental
subtraction problems and solve them mentally. Afterward, students rrg1ath 8
will play levels 16, 17, and 21 of the "CHACKME" game on the smart
board. For homework, students will practice column addition and
subtraction, emphasizing correct alignment.
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2095 ool o3 5,8, b 5,8 able, marker, 1) Review homework and

After learning addition and subtraction using tally marks and
diagrams, students will mentally solve addition and subtraction
problems written on a table drawn in the schoolyard. Students who
answer correctly will stand on a designated spot. Afterward, students
will play levels 38 and 39 of the "CHACKME" game. For homework,
students will practice mental addition and subtraction
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At this stage, students should be familiar with the concepts of
numbers, ones, tens, and the order of numbers. The teacher will

whiteboard,
smart board

provide feedback
2) Teach students addition
and subtraction using a table

)l g IS5 s, ()

provide feedback
2) Teach students the
process of addition

subtraction using a

table format.
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introduce addition using manipulatives and provide practice problems.
For homework, students will practice the addition procedural
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At this stage, students should have a complete understanding of
numbers, ones, tens, and the concept of numbers before and after, all
performed mentally. They should also be able to write numbers
correctly in columns. The teacher will write a subtraction problem on
the board and demonstrate its solution using manipulatives. After
providing some practice problems, the teacher will assign homework
that reinforces the concepts of numbers before and after, as well as
procedural addition and subtraction.
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Students will play levels 42, 43, 45, and 46 of the "CHACKME" game on
the smart board.
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After installing the software on their devices, students will play the
game from start to finish
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A post-test will be administered to both the control and experimental
groups
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CHAKMEH With permission from the
school administration and
parents, students brought
their devices to school and
were taught how to install
the app using a video
projector.
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Post-test paper,
pencil, eraser

Administering a post-test to
assess learners' progress
after the implementation of
the protocol
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Table 4: Descriptive Statistics of Student Scores in Pre-test and Post-test
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Table 5: Kolmogorov-Smirnov Test of Normality for Pre- and Post-test Data
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Table 6: Levene's Test for Homogeneity of Variances
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Table 7: Results of Univariate Analysis of Covariance

sl g

Slupe Sile (soljl az o

Slojlul & ol mhaw Fo Lol Slaspo Egoe Ot s
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a. R Squared = .672 (Adjusted R Squared = .660
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