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Abstract

This study examined the effect of the flipped classroom model and creative mathematics activities and games on
mathematics achievement. Two equivalent 4th-grade students from a public school in Kirikkale, Turkey, were
randomly selected to create experimental and control groups. The experimental group consisted of 25 students, while
the control group consisted of 27 students. Before the application, a mathematics achievement test prepared by the
curriculum was applied to both groups, while Mathematics game videos following the curriculum were ready for the
experimental group. Then, application studies were carried out with the experimental group for 4 weeks. Meanwhile,
no intervention was made in the control group, and their traditional teaching continued. At the end of 4 weeks, the
mathematics achievement test was re-administered to both groups, and the results were compared. While the
difference between the experimental group's pre- and posttest mean scores is 16,68, the difference between the control
group's pre and posttest mean scores is 6,37. As a result, it was concluded that creative games and activities combined
with the flipped classroom model increased mathematics achievement. The study recommended designing creative
activities with the flipped classroom model to increase success in other courses, such as mathematics.
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I. Introduction everyday life; it involves transactions, interaction,

The primary level of education is a stage
in which learners are exposed to different subjects
to develop the foundation phase of education and
produce holistically developed individuals. One
of the subjects of great importance is primary
school mathematics. This is a subject that has
great importance due to the integrations it has
with different subjects. Mathematics is needed for

and even answering questions. The significance
of mathematics cannot be overemphasized.
However, a lacuna affecting this subject is the
prevalence of poor performance at different levels
of education, including preschool, primary, high
school, and even university students, which is
attributed to the traditional teaching methodology

often employed by schoolteachers. Different parts
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of the world pay attention to the teaching and
learning of mathematics at the foundation phase,
emphasizing the benefits of this subject.

However, parents,  teachers,  policy
makers, and administrators are often on the
lookout for a possible solution to these
performance issues at the elementary level of
education (Sulaimon & Manditereza, 2024;
Lazic, Knezevi¢ & Marici¢, 2021; Petrillo, 2016).
Therefore, there is a need to find a lasting solution
to the problems of poor performance at the
elementary level of education because if this stage
is well taken care of, it lays the foundation for
other levels of education problems.

The general lockdown worldwide due to
COVID-19 has led to the introduction of online
media and the integration of technology materials
in teaching and learning. Several schools, both
elementary and high schools, also integrate
technology materials in teaching and learning due
to the pandemic, which enables the countries to
blend both the technology integration and
traditional lessons side by side (Toptas, Usluoglu
& Sengiin, 2021). The flipped classroom
instructional model is often used side by side with
the inverted classroom; it is a form of model
which provides learners with prior knowledge of
instructional content before the actual learning
activities; it is more advanced than the traditional
classroom in which teachers deliver all contents
physically in the class, while in the flipped
classroom models learners are given access to
instructional content, via technological devices
such as Laptops, phone, televisions, etc. students
watch instructional activities prior lesson, then
instructional activities commence after the
exposure activities. The significance of the
flipped classroom model is that it increases
learners' collaboration and active participation,
reduces teachers' stress, and allows self-paced
learning (Cabi, 2018; Al-Samarraie, Shamsuddin,
& Alzahrani, 2020). The term "flipped" refers to
a method of teaching that reverses the traditional
classroom setup, where teachers instruct students
in class and assign homework to be completed at
home. However, in the flipped classroom model,
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students are exposed to instructional content
outside the classroom and work together to
complete assignments and tasks. This fosters
student satisfaction with learning, academic
success, and real-world learning (Almulla, 2020;
Unal & Cakir, 2021; Lin & Gao, 2020; Bahiyah,
2023).

Elementary school children are often
exposed to creative game activities due to the
incorporation of fun-based activities as a teaching
strategy at this level of education. Creative game
activities involve sharing materials,
experimenting, competing in pairs, developing
children's intellectual, social, emotional, and
language skills, and promoting holistic
development. Mun (2022) posited that creative
game activities are fun and interesting activities in
classes in which children engage in some
activities that involve the use of cardboard, gum,
puzzles, scissors, charts, bowls, water, etc., to
create collaborative game activities, which in turn
raise children's curiosity and level of thinking,
develop resilience in the child, arouse their
interest in learning, and increase their attention
span. Children often engage in creative game
activities, including soccer, ABC games, mental
sums, alphabet chains, puzzles, bingo, and
Monopoly. Creative game activities have been
explored by researchers such as Arnab, Clarke &
Morini  (2019), Mulyono, Kurniadi, Araiku,
Otniel & Ratnanenci (2023), and Chatain, Bitter,
Fayolle, Sumner & Magnenat (2019) at different
levels of education. It has been proven that
creative game activities can develop children at
all levels of education, i.e., primary, secondary,
and higher levels. These activities develop the
child's emotional, psychological, intellectual,
social, and personality development.

According to Oni (2018), mathematics is
a science subject connected to all discipline areas,
such as art, business, technology, etc.
Mathematics deals with the relationship between
numbers, shapes, forms, patterns, geometry,
colours, and designs, which develops learners'
logical thinking skills. The importance of
mathematics  for  learners  cannot  Dbe
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overemphasized; it develops the child's creativity,
problem-solving skills, logical thinking skills, and
basic literacy skills. Mathematical knowledge is
needed in different activities, such as buying and
selling, sharing things, cooking, sewing, and
farming activities, to mention a few. All
professions and all human interaction activities
require mathematical knowledge. Mathematics's
importance in pre-primary, primary, secondary,
and  university  education  cannot  be
overemphasized on learner  development;
however, scholars have reported issues of poor
achievement in this subject, which has become
worrisome for teachers, administrators, parents,
and policymakers to find a long-lasting solution
to this issue of poor achievement in mathematics.
Notably, the reason for the poor achievement is
related to parental factors, language, teaching
methods, attitude towards mathematics, and
societal problems (Husna et al., 2023; Ugwuanyi,
Okeke & Asomugha, 2020; Luo et al., 2023;
Sulaimon, Yusuf, Yakub & Syarif, 2023).

Incorporation of game  strategies,
vocabulary development strategies, problem-
solving strategies, brainstorming strategies, and
modified flipped classroom strategies are among
the bulk of available research, experimental
projects, and studies that have been suggested to
address the issue of low mathematics achievement
among pupils (Sulaimon et al., 2023; Sulaimon, &
Manditereza, 2024; Cabi, 2018; Arnab et al.,,
2019; Almulla, 2020). Since implementing the
aforementioned strategies, there is still evidence
of poor math performance among elementary
school children. To address these issues, studies
have employed the flipped classroom model and
creative games activities as novel strategies for
tackling poor performances in mathematics;
however, no study has combined these two
strategies to tackle this ever-growing issue in
Turkey effectively.

Research Objective

The main aim of this study is to
investigate the effect of a flipped classroom
model with creative game activities on pupils'

mathematics achievement in a Turkish

elementary school.

11. Research Method

The study investigated the effect of a
flipped classroom model with creative game
activities on pupils’ mathematics achievement in
a Turkish elementary school. Price, Jhangiani &
Chiang (2015) utilized pretest and posttest control
groups in quasi-experimental research designs.
The design adopted utilized two experimental and
control groups, selected randomly. Two
government-owned elementary school pupils
from Turkey served as participants in this study.
Probability sampling using simple random
sampling techniques was used to select two
government schools for the experiment.

In two randomly selected elementary
schools, the experimental group was introduced to
a 4-week treatment section (a flipped classroom
model and creative game activities). In contrast,
the control group was taught using the
conventional teaching method without treatment
within four weeks. After four weeks of traditional
application, the two groups were subjected to an
assessment posttest to check if the groups exposed
to the flipped classroom model and creative
games activities outperformed the group taught
with the conventional method.

The two groups assigned for this study in
the Kirikkale province of Turkey were subjected
to 4th-grade mathematics achievement. The
researcher visited the two schools selected to seek
approval. Then, the experimental group was
exposed to a mathematics achievement test as a
pretest before the 4 weeks of exposure to the
flipped classroom model with creative activities,
with the assistance of the classroom teacher as a
research assistant. While the control group was
exposed to the pretest and then taught using the
conventional method for four weeks concurrently,
the posttest was administered to both
experimental and control groups at the end of the
four-week posttest.

The test developed by the researchers
contains 20 items for topics, units, and
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experimental studies based on 4th-grade
mathematics course studies. The test includes 4th-
grade subjects that students have not yet studied,
in light of the academic calendar carefully
calculated before the study. These subjects
measure time, geometric objects, shapes, and
length. The distribution of the 20-item questions
applied as pretest and posttest is as follows: 10
questions are about basic concepts in geometric
objects, five are about geometric objects and
shapes, and 5 are about length measurement. Two
lecturers and mathematics teachers at Kirikkale
universities validated the achievement test. At the
same time, test-retest reliability was used to
establish  the instrument's reliability by
administering 10 copies of the academic
achievement test to some students who were not
part of the initial sample, and a reliability
coefficient of 0.78 was established, which makes
the instrument reliable.

The mathematics achievement test was
applied to the experimental and control groups.
Before the application, the researchers prepared
achievement tests and studies that followed the
curriculum, with support from the classroom
teacher. Creative mathematics games and activity
videos have been prepared with the flipped
classroom model based on the 4th-grade
curriculum and topics such as measuring time,
geometric objects and shapes, and length.

The prepared videos were shared with the
experimental group, students, who were allowed
to watch them before the lesson. The same games
and activities were performed in the classroom
with the experimental group of students who
watched the videos. The materials used in the
games and activities were prepared in advance for
the experimental group that watched the videos.
Interactive and collaborative teaching is taken as
a basis in the classroom. The control group
continued traditional instruction. After the 4-week
application, a mathematics achievement test was
administered to both groups, and the results were
compared.

Descriptive analysis was employed to
examine demographic information, providing
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valuable insights into the characteristics of the
study population. Furthermore, this research
objective was rigorously tested using a paired
sample t-test. This statistical method allowed us
to discern the differential impact of the
intervention on mathematics achievement and
attitude while controlling for pretest scores. By
employing robust data analysis techniques, we
aimed to accurately evaluate the effectiveness of
the intervention and draw meaningful conclusions
from this study.

After measuring the subjects included in
the study, the researchers scored the results
obtained from the inventory. The raw scores of the
students participating in the experimental and
control groups from the pretest and posttest
applications were tabulated, and the arithmetic
mean, minimum-maximum values, and standard
deviation scores of the groups were calculated.
The difference between the experimental and
control groups' pretest and posttest mean scores
was tested in the comments on whether the
creative activity and game work applied in the
mathematics lesson were practical. The t value
was calculated and investigated whether it was
significant at the .05 level. The pretest and
posttest mean scores of the experimental and
control groups were compared with the dependent
t-test and examined whether it was significant at
the .05 level.

I11. Results and Discussion

Table 1. Demographic distribution of respondents
based on gender

Groups Male Female Total
Experimental 11 14 25
Control 17 10 27

The table above shows the total number
of pupils who participated in the study. The
experimental group comprised 11 males and 14
females, totaling 25 pupils. The control group
comprised 17 males and 10 females, totaling 27

pupils.
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Table 2. Findings regarding the pretest and posttest
scores in the experimental group

Statistical
Value

Pre Test 25 59,12 34,00 90,00 15,87 -,589
Post Test 25 75,80 36,00 98,00 16,29
p<0.05

N X Min. Max. sd tvalue

As shown in Table 2, the experimental
group's pretest mean score in the mathematics
achievement test is observed as (59,12) and the
posttest mean score (75,80). This result showed a
significant difference in favour of the posttest. In
order to determine whether the difference
between the students' mathematics achievements
before the experiment and their mathematics
achievements after the experiment was
significant, the pretest and posttest mean scores
were compared with the dependent t-test. The
calculated t value (-589) is significant at the .05
level. Accordingly, the difference between the
experimental group's pretest and posttest mean
scores is significant. This result shows a
significant difference in mathematics
achievement level between the pretest and
posttest results of the experimental group of
students who participated in the creative
mathematics games and activities study
conducted with the flipped classroom model.

Table 3. Key findings regarding the control group
pretest and posttest scores

Statistical
Value

Pre Test 27 58,78 31,00 90,00 15,75 ,710
Post Test 27 65,15 29,00 95,00 16,23

N X Min. Max. sd tvalue

p<0.05

Table 3 shows that the mathematics
achievement levels of the control group students
are very low compared to the pretest and posttest
mean scores. When the pretest and posttest mean
scores were tested with the dependent t-test to test
the significance of this difference, the t-value was
not significant at the .05 level. This result shows
no significant difference between the pretest and
posttest mathematics achievement scores of the
control group of creative mathematics games and

activities performed with the flipped classroom
model.
Table 4. Findings regarding the differences in the

pretest and posttest mean scores of the experimental
and control groups

pre-
Statistical pretest posttest post t
value x-sd x-sd testx value
diff.
Experimental 59,12- 75,80 -
group 20 1587 1666 L0088 221
Control 58,78 - 65,15 -
group 27 1575 1623 037
p<0.05

As shown in Table 4, the t value of the
difference in pretest and posttest score averages
was calculated to determine the mathematics
achievement levels of the experimental and
control groups of creative mathematics games and
activities implemented with the flipped classroom
model. The calculated t value (2,21) is significant
at the .05 level. While the pretest and posttest
mean difference of the experimental group is
16.68, the pretest and posttest mean difference of
the control group is 6.37. The gain of the
experimental group after 4 weeks of application is
significantly higher than that of the control group.
This result shows that the study of improving
mathematics achievement through creative
mathematics games and activities with the flipped
classroom model is very effective on the
mathematics achievement levels of fourth-grade
primary school students.

Discussion

Many studies conducted with the flipped
classroom model have achieved fruitful results.
Chen et al. (2015) stated that the flipped
classroom model supports the development of
basic education goals such as problem-solving,
critical thinking, and social interaction. It has
been shown that the flipped classroom model,
which has recently emerged as a new approach to
teaching and learning, differs from traditional
classrooms and offers interactive teaching.

The primary purpose of the flipped
classroom model is to reverse or invert the
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traditional learning process. In other words,
activities usually carried out in the classroom,
such as taking instructional content, are carried
out individually outside the classroom. In
contrast, activities such as exercises and
homework, which are usually carried out outside
school hours, are implemented in the classroom
under the teacher's guidance. The biggest aim of
this study is to ensure that effective individual
homework and games are combined with
creativity skills.

Creative mathematics games with the
flipped classroom model enable students to
develop positive attitudes towards mathematics.
In this way, children do not see math class as
boring and enjoy exploring with fun. The studies
(Ariyanti, Azizah & Amir, 2022; Balaaldia, 2022;
Usluoglu & Toptas, 2023) have revealed that
teaching mathematics with creative activities and
games is very effective in improving mathematics
attitude and academic success in mathematics.

The sub-problem of this study was to
examine the effects of creative mathematics
games made with the flipped classroom model on
children's  academic  success.  Therefore,
experimental and control groups were created
from two identical 4th-grade classes. An
achievement test was prepared and administered
to both groups without disrupting the dates and
plans of their curriculum. After the preliminary
tests of the experimental and control groups were
taken, studies were started with the experimental
group for 4 weeks.

The researchers shot creative math game
videos for the experimental group that were
compatible with the achievement test. These
game videos were shared with the experimental
group. Each game was at a level that students
could easily try at home and school. Thus, each
student in the experimental group could learn
according to his or her learning speed and level.
The primary basis of the study is the flipped
classroom model, where students learn core
content on their own, at their own pace, through
instructional videos or other resources, such as
recorded lectures or readings, before relevant
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class meetings. The students in the experimental
group both had fun and learned. Meanwhile, no
intervention was made in the control group. The
4th-grade students in the control group continued
their mathematics lessons with traditional
instruction.

At the end of 4 weeks, the achievement
test was applied again to the experimental and
control groups. Posttest results from both groups
were compared. The average difference between
the pre- and posttests for the experimental group
is 16,68. This result is relatively high and
significant for four weeks of application. This
means that creative mathematics games made
with the four-week flipped classroom model
positively impacted the mathematical success of
the experimental group. On the other hand, the
average difference between the pre- and posttests
for the control group is 6,37. This means that
traditionally taught mathematics courses do not
have much effect on mathematics achievement.

IVV. Conclusion

Based on the findings of this study, it was
concluded that the flipped classroom model and
creative mathematics activities and games
significantly  impact pupils’ mathematics
achievement. As a result, it was observed that the
aim of this study was achieved in mathematics.
Trying different methods and models to achieve
mathematical success causes children to
encounter the fun side of mathematics rather than
the serious side. Especially for children in primary
school, mathematics lessons can be perceived as
quite abstract. To prevent this, teachers can
explore mathematics through concrete and
creative games. Creative mathematics games
created with the flipped classroom model have
saved teachers' time and facilitated individual
learning. Thus, students could do mathematics at
their own pace and readiness level. It is
recommended that the study be applied to other
mathematics subjects. In addition, applying
creative games with the flipped classroom model
with other disciplines will benefit teaching.

Based on the findings of the study, the
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following recommendations are made:

1. Teachers should design creative activities
using the flipped classroom model to enhance
pupil engagement and achievement in
mathematics.

2. Seminars and conferences should be organized
to train teachers on effectively integrating
creative activities using the flipped classroom
model.
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