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Abstract

Within the scope of this paper, which was designed as an action research study, the researcher, who is also a
mathematics teacher, investigated the role of gamification in mastery-based mathematics instruction. The
study was conducted as an action research, with 25 seventh-grade students attending a public secondary school
in the Akdeniz district of Mersin, Turkey. It examined how the implementation affected students’ academic
achievement, and attitudes. While designing a six-cycle action plan, an instructional program incorporating
gamification activities based on mastery learning was prepared. Climate change themes were placed at the
center of the instructional program. By utilizing the similarities between the elements of gamification and
those of the mastery learning model, these components were integrated with one another. In addition, the
study explored how gamification contributed to mastery learning throughout the research. Quantitative data
were collected through an academic achievement test, an attitude scale, a retention test, and parallel tests.
Quantitative data were analyzed using the non-parametric Wilcoxon Signed-Ranks Test, and qualitative data
were analyzed through content analysis. According to the results, there was a significant difference between
the students’ pre-test and post-test scores in the implementation where mastery-based mathematics
instruction was carried out through gamification. Furthermore, the retention test and parallel test results
indicated that gamification contributed to mastery learning.
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1. Introduction
1.1.  Introduction to the problem

Continuous changes are occurring in all areas of life worldwide and in Tirkiye. In order
to keep pace with these changes, it is necessary to accurately identify the problems
encountered and their underlying causes, and to develop solutions to them. In this process,
benefiting from different scientific disciplines is advantageous. According to Helmenstine
(2019) and Igik et al. (2008), mathematics is the common language of these scientific
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disciplines. Therefore, gaining proficiency in this common language can help us solve the
problems we encounter and understand the universe. Individuals who understand and can
perform mathematics seize important opportunities to shape their futures in this rapidly
developing world, and the mathematical competence they possess opens many doors for
them (NCTM, 2000). Mathematics enables the explanation of natural phenomena, the
production of mathematical models to address them, and provides opportunities for
thinking, reasoning, discussion, and inquiry (Altun, 2006). In contemporary education
systems, mathematics is accepted not merely as a numerical skill but as a fundamental
discipline that develops individuals’ logical reasoning and problem-solving abilities (Altun,
2015). However, for many students, mathematics has become a subject associated with fear
of failure and negative attitudes due to its abstract nature. International assessment
reports (MoNE, 2023a; MoNE, 2023b) reveal that students’ levels of mathematical literacy
need to be improved and that, in this process, affective characteristics (attitudes, anxiety,
motivation) are directly related to academic achievement. At this point, the Mastery
Learning Model developed by Bloom (1976) offers an approach focused on equality of
opportunity and achievement in education, grounded in the philosophy that “nearly
everyone can learn if appropriate learning conditions are provided.” Although this
statement is not explicitly included in the 2018 and 2024 mathematics curricula, the
emphasis on process-oriented assessment, feedback, correction, and reinforcement, as well
as the inclusion of elements that take students’ individual differences into account,
indicates alignment with the components of the mastery learning model (Sahin, 2025).

According to Bloom, 25% of the variance in learning outcomes depends on affective entry
characteristics such as attitudes and academic self-confidence, while 50% depends on
cognitive entry behaviors. However, during the implementation phase of the model,
particularly the “corrective” activities conducted to address the deficiencies of low-
achieving students may be perceived by students as a routine and tedious process (Guskey,
2010). In order to overcome this pedagogical barrier, gamification, which is integrated into
educational environments, is defined as the use of game elements and mechanics in non-
game contexts (Deterding et al., 2011). Kapp (2012) emphasizes that gamification employs
game-based mechanics to attract learners’ interest, increase motivation, and encourage
problem solving. It is known that today’s students belong to Generation Z and Generation
Alpha, who were born in and after the year 2000 (Crindle, 2022; Kuran, 2020). Therefore,
contemporary curricula should be designed to appeal to these two generations. Although
students from these generations possess skills such as being active during lessons,
benefiting from technology, rapidly establishing connections between topics, and
responding to multiple stimuli simultaneously, they experience difficulty in maintaining
prolonged attention on a single subject (Altunbay & Bicak, 2018; Demirel, 2021). These
students are individuals who can easily access information through the technological tools
at their disposal, are versatile, inquisitive, and able to express their expectations openly
(Tozlu, 2021). This situation reveals the necessity of learner-centered, engaging teaching
methods that promote active participation and incorporate the use of technology.

According to the Johnson et al. (2013), games and gamification function as simulations
of the real world and support students’ motivation. Games not only develop cognitive and
affective skills but also enhance psychomotor skills, thereby meeting the need for
movement (Burgaz Uskan & Bozkus, 2019). Moreover, important skills acquired through
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play include decision-making, retention, observation, reasoning, problem-solving, and
creative thinking (Ozyiirek & Cavusg, 2016). The use of games and gamification in
education increases students’ motivation, develops certain skills, and facilitates the
formation of inter-neuronal connections necessary for learning by helping to increase
dopamine levels in the nervous system (Celikyurt et al., 2012). During games, students
learn to struggle, win, lose, and cooperate, while simultaneously experiencing both positive
and negative emotions such as excitement, fear, empathy, and happiness, thereby
developing their affective skills (Ozyiirek & Cavus, 2016).

Although gamified learning can be challenging and stressful, when well-designed it
provides a safe environment in which learners can acquire the necessary knowledge and
skills and facilitates the realization of lasting learning (Velaora et al., 2022). In the
gamification process, roles appropriate to each student’s level and interests are assigned.
In this way, students’ active participation in lessons and their engagement in classroom
activities can be ensured. In this process, the more attention-grabbing and meaningful the
hints and reinforcements provided are, the more they can strengthen students’ motivation
toward learning and support active participation. In mathematics education, gamification
prepares the motivational foundation required for mastery learning by enabling students’
active participation in the process through elements such as points, badges, and
leaderboards (Hamari & Koivisto., 2014).

1.2.  Related studies

Bloom’s Mastery Learning model, which is based on the assumption that every student
can learn, argues that success rates in schools can increase from 20% to as high as 90% or
even 95% (Cavus & Semerci, 2020). Bloom developed his Mastery Learning Model by
building upon Carroll’'s model and supporting it with the ideas of Morrison, Bruner,
Skinner, Suppes, Glaser, Goodlad, and Anderson (Bloom, 1971). This model consists of
three components: Student Characteristics, which include students’ cognitive and affective
entry behaviors; Instruction, which comprises the learning unit(s) and the quality of
instructional services; and Learning Outcomes, which may vary according to learning pace,
level, and type. This structure is illustrated in the figure below.

STUDENT CHARACTERISTICS INSTRUCTION LEARNING OUTCOMES

Cognitive Entry Behaviors —_— ————— Level and type of learning

= Knowledge
= Skills
= Competence

Learning Unit
or

———————» Learningrate

— Units
Affective Entry Characteristics —_ » Affective outcomes

I

Quality of Instructional Delivery

= Interest
= Attitude
= Academic self-concept

= Cues

= Reinforcement

= Student Participation

= Feedback and Correction
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Figure 1. Mastery Learning Model (Bloom, 1979)

A review of the literature indicates that the mastery learning model becomes much more
effective when combined with different instructional methods and techniques.
Experimental studies have demonstrated that when the mastery learning model is
supported by cooperative learning (Jhala, 2003), the flipped classroom model (Lopez &
Oquendo, 2024; Ozler, 2020), concept maps (Saver & Kirkig, 2012), a group-based approach
(Ugwu & Nnamani, 2023), and STEM applications (Yildirnm & Selvi, 2017), positive
developments in academic achievement and attitudes are observed.

Gamification is defined as the use of game design elements in non-game contexts
(Deterding, 2017; Lugmayr et al.,, 2011). In challenging activities, the reason for
recommending gamification is the belief that it increases students’ motivation,
participation in lessons, and in-class performance. Hunicke et al. (2004) proposed a
framework illustrating the principles of gamification, as shown in the figure below.
According to this framework, gamification elements consist of three main components:
mechanics, dynamics, and aesthetics.

Mechanics Dynamics
(Design. rules. process) (Players' behaviours)

Aestethics
(Players' emotional states)

Figure 2. Gamification Principles (Hunicke et al., 2011)

Blanc (2004) argues that although the components of the MDA framework, which
constitutes the structure of game design, may appear to be independent, they are in fact
interactive elements. He states that mechanics form the fundamental structure and rules
of the game, dynamics describe players’ interactions with one another and with the
elements of the game, and aesthetics represent the emotions experienced by players during
gameplay.

It has been stated that when game elements appropriate to students’ levels and interests
are selected during the design of gamification, gamification increases academic
achievement (Bui, 2020; Yildirim et al., 2019) and has positive effects on attitudes (Cayir,
2021; Dominguez et al., 2013; Gelen & Ozer, 2010; Maryana, 2024; Morreira Parrales et
al., 2024). Otherwise, factors such as the misalignment of game mechanics with learning
objectives and an excessive dependence on extrinsic motivation may increase students’
participation or motivation in the course while simultaneously reducing their academic
achievement (Dominguez et al., 2013; Hanus & Fox, 2015).

In addition, in the study conducted by Amos (2022), the effects of gamification and
mastery learning on academic achievement were compared separately with those of
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traditional instructional methods. The results showed that both approaches created a
statistically significant difference in achievement compared to the traditional method.
However, no significant difference was found between the effect sizes of mastery learning
and gamification in this study.

A review of the literature reveals only two studies that have employed the mastery
learning model in an integrated manner with gamification and examined its effect on
academic achievement. In the experimental studies conducted by Pontes et al. (2019) and
Reichelt (2015), it was determined that the academic achievement scores of groups in
which gamification and mastery learning methods were used together were significantly
higher than those of groups taught using traditional methods. In both studies, preventing
students from progressing to the next module before reaching a certain level of proficiency
increased the permanence and depth of learning in line with the fundamental principles of
the mastery learning model. Particularly in Reichelt’s study, the inclusion of remedial
modules contributed to addressing learning deficiencies and ensuring that all students
achieved the targeted learning outcomes.

1.3.  Purpose of the study and research questions

The purpose of this study is to examine how gamification-based instructional practices,
implemented in accordance with the principles of the mastery learning model, affect
students’ academic achievement and their attitudes toward the course. In addition, the
study aims to contribute both theoretically and practically to teaching practices and the
related literature by identifying the factors that enhance the effectiveness of the
gamification approach in the instructional process.

In line with this purpose, answers were sought to the following research questions:

1. How did the mathematics achievement pre-test and post-test scores of students who
participated in mastery learning—based gamification activities change?

2. How did the mathematics attitude pre-test and post-test scores of students who
participated in mastery learning—based gamification activities change?

2. Method

The method of this study was designed as action research, which is also referred to as
teacher research when implemented in educational settings (Koékli, 2021), and is used to
solve a problem encountered by the teacher as a result of observations made during
practice (Buytikoztirk et al., 2020). Considering Mills’s (2014) types of action research,
this study is classified as practical action research, as it focuses on the process in order to
address the problems experienced by the researcher in the classroom and to produce
solutions to them. In terms of its model, it is consistent with operational action research,
as it follows a cyclical process that includes the stages of planning, acting, observing, and
reflecting.

This action research was conducted during the 2024—2025 academic year in 7th-grade
students’ mathematics applications course and focused on the topics of ratio—proportion
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and percentages. Prior to the implementation of the action plan, a gamification-supported,
mastery learning—based mathematics instructional plan was developed with climate crisis
issues placed at the center. For this purpose, relevant learning outcomes were selected
from the 7th-grade curricula of mathematics, social studies, science, and environmental
and climate change education. Taking into account the similarities between the mastery
learning model and gamification, a lesson plan was designed based on the MDA
gamification model (Hunicke et al., 2011) in line with Marczewski’s (2016) Gamification
Framework. In addition, the six-step gamification design model developed by Werbach and
Hunter (2012) was incorporated into the plan.

The plan was subsequently reviewed by an expert in gamification, and the necessary
revisions were made. By mutual agreement, it was decided that modifications could be
made to the lesson plan during the process. Heterogeneous student groups were formed in
a balanced manner according to Bartle’s (1996) player types.

o Climate crisis
context

Gamification

* Climate crisis context
« Gamification design
* 3-module instructional plan

)\ implementation
» Educational games
« Scoring and follow-up tests

o Strengths and A
| weaknesses

_ * Attitude Toward

<.\ Mathematics Scale
* Student motivation,
N \7 - 7/

\e Create new

* Attitude Toward

Mathematics Scale * Attitude Toward

* Student motivation Mathematics Scale

* Academic achievement data * Academic achievement

Figure 3. Activities Conducted Prior to the Implementation of the Action

2.1.  Participant characteristics

The researcher observed that among the students whom she had been teaching for three
years and who were in the 7th grade during the 2023—2024 academic year, the students
who actively participated in mathematics lessons were consistently the same individuals,
which increased the disparity in academic achievement within the classroom. Therefore,
in order to address this situation, Class 7/C—-characterized by the highest academic
achievement range and the lowest number of students with absenteeism—was selected. In
selecting the participants, criterion sampling, one of the purposive sampling methods, was
employed. In criterion sampling, the characteristics of the group to be studied are
determined in advance, and in-depth research is conducted with this group for a specific
purpose (Blytikoztiirk et al., 2020). The criteria used in this study were the highest
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difference in students’ achievement levels (range) and the lowest level of absenteeism. The
distribution of the students in the study group by gender is presented in the table below.

Table 1. Distribution of the number of the students participating in the study by gender

Gender Number of the students
Female 11
Male 14
Total 25

As shown in the table, the study group consisted of a total of 25 students, including 11
female and 14 male students

2.1. Implementation of the action plan

Based on the information obtained at the end of the literature review, the researcher
determined the research problem and research questions. In the subsequent stage, among
the four classes she taught, she selected the 7th-grade students who were most suitable
for the purpose of the study. She then decided on the instructional method to be used in
mathematics teaching and prepared lesson plans accordingly. The research method was
determined as action research. Subsequently, the data collection instruments were
identified, and the achievement test was administered to 8th-grade students in a different
school, while the attitude scale was administered to 7th-grade students. Validity and
reliability studies were then conducted. During the spring semester of the 2024—2025
academic year, an action plan consisting of six cycles was implemented. The action plans
were applied to the topics of ratio—proportion and percentages in mathematics lessons. The
action plan was concluded when mastery learning was determined to have been achieved.

2.1.1. Action plan 1

In the first action plan, students were informed about the study to be conducted. Pre-
measurements were evaluated using the Mathematics Achievement Test (OOYT) and the
Mathematics Attitude Scale (MYTO). These measurements aimed to identify students’
prior cognitive characteristics in accordance with the principles of the mastery learning
model. As a result of these measurements, deficiencies in students’ prior learning were
identified. Consequently, the topic in which prior deficiencies were detected was included
in the subsequent action plan. Thus, in accordance with the mastery learning model, the
number of previously planned modules was increased from two to three. Student groups
were formed based on player types, a classroom seating arrangement was organized
according to the groups, and desks were arranged accordingly. Group leaders were
selected.
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2.1.2. Action plan 2
The plan titled “The Beginning of the Energy Adventure” was implemented including
two lessons.

In the first lesson; in order to prepare students for the topic and for the lessons to be
conducted through mastery learning—based gamification, this cycle aimed to provide
students with information about climate crisis issues. Activities were organized within this
context. First, the video TEMA—Climate Change 2, prepared by TEMA Vakfi [TEMA
foundation] for middle school students, was shown. It was stated that new groups would
be determined based on the responses obtained from this activity. While group leaders
remained the same as determined in the previous cycle, their opinions were also taken into
account during the formation of groups. Player types were distributed equally among the
groups during grouping. Based on the responses received, the levels of the student groups
were equalized. Subsequently, information about greenhouse gases was provided,
emphasizing that they are a factor causing the climate crisis, and students were introduced
to the Climate Crisis Terminology Cards (Appendix 5). The cards were then distributed so
that each student received one card. Using the jigsaw technique, it was aimed for students
to learn all the terms written on the cards. Immediately after the jigsaw activity, a taboo
game related to the climate crisis, prepared by Iklim TEMA Vakfi [Climate TEMA
Foundation] (2024), was played to check students’ knowledge. All members of the group
that gave the highest number of correct answers were awarded a Climate Professor badge.

In the second lesson; deficiencies in prior cognitive learning identified through the
Mathematics Achievement Test (OOYT) were determined to be related to the topic of ratio.
For this reason, the topic of ratio, which is actually a 6th-grade topic, was reviewed in this
lesson. It was decided to add a leaderboard, one of the gamification elements, in the
following week, as students expressed a desire to see the points they received at the end of
each section and to learn their group’s ranking. It was also decided to incorporate
reinforcements into the process. A ratio monitoring test was administered.

2.1.8. Action plan 3
In the third action plan, the plan titled “Character Introduction: Green Heroes” was
implemented including two lessons.

In the first lesson of the third action plan, a video describing Gilindire Cave was shown.
After the video, students were given a worksheet that included ratio questions to be
answered based on the data presented in the video, and they were asked to respond
collaboratively as a group. While observing the students answering the questions, the
researcher noticed that not all students were actively participating. For this reason, the
researcher took the initiative to incorporate a game called Bottle Snatching into the
process. In this game, one student from each group was selected to answer the questions
posed by the researcher. The student who gave the correct answer in the shortest time
earned points for their group and also gained the right to transfer one student from another
group to their own group. In this way, all students were actively involved in the process.
In the second half of the first lesson, the researcher told a story in which the students
themselves were also heroes and described the characters and missions of the heroes in
the story. Subsequently, in order to help students better visualize the story and its setting,
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the researcher posed several guiding questions. The lesson was concluded with the
administration of a Ratio Monitoring Test.

Students were given cards labeled with the name of one type of sustainable energy in
the second lesson of this plan. Thus, each group became responsible for a specific energy
type. It was emphasized that each of these energy types represented a type of green hero.
Students were asked to use their imagination to create profile cards for their assigned
energy type and to design a logo with a unique slogan for their group. They were informed
that they could use the interactive whiteboard while completing this task. Throughout the
lesson, students developed their drafts. Subsequently, expert cards containing assigned
tasks were distributed. Students were asked to complete these tasks at home and to
present their work to the whole class in the following lesson.

2.1.4. Action plan 4

The plan titled “Energy Collection Mission” was implemented. The first lesson began
with student research presentations. Groups that completed all questions accurately in
their presentations received full points. The results of the Ratio Monitoring Test were
evaluated, and it was determined that the desired level had been achieved. Therefore, the
action plan proceeded to the topic of ratio—proportion, corresponding to the second module
of the mastery learning model. The topic of ratio—proportion was taught using EBA
(Educational Informatics Network) content.

The description of manipulations or interventions should include several elements.
Carefully describe the content of the intervention or specific experimental manipulations.
Often, this will involve presenting a brief summary of instructions given to participants. If
the instructions are unusual or compose the experimental manipulation, you may present
them verbatim in an appendix or in an online supplemental archive. If the text is brief, you
may present it in the body of the paper if it does not interfere with the readability of the
report.

In the second lesson, real-life problems prepared by the researcher in accordance with
the gamification scenario were solved. The problems are presented below:

In Gilindire Cave, trees can grow on the level above the lake. There are saplings
waiting to be planted, each measuring 50 cm. When planted, these saplings will grow 50
cm each year. When they reach 5.5 meters, they will become mature trees and will be able
to absorb 50 kg of carbon dioxide annually. Over the past five years, the amount of carbon
dioxide has increased by 0.2 tons, while the lake in the cave has absorbed enough carbon
dioxide to reduce this increase by half. This situation has increased the acidity of the lake
and endangered aquatic life. If trees are not planted in the cave, this increase will continue
to rise proportionally by 0.2 tons every five years. Your task is to protect aquatic life and
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the ecosystem by preventing the increase in carbon dioxide and stopping the lake’s carbon
dioxide absorption.

How can you achieve this?
In how many years at minimum can you achieve this?
How many trees do you need for this purpose?

Points were awarded for correct answers. The group with the highest score received the
Environmental Protector badge (Appendix 6). At the end of the lesson, the Ratio and
Proportion Monitoring Test was administered.

2.1.5. Action plan 5
The topic of percentages was taught using EBA content, and example problems were
solved in the first lesson.

In the second lesson of the fifth action plan, the following real-life problem was solved
in accordance with the gamification scenario:

In Gilindire Cave, trees can grow on the level above the lake. There are saplings
waiting to be planted, each measuring 50 cm. When planted, these saplings will grow 50
cm each year. When they reach 5.5 meters, they will become mature trees and will be able
to absorb 50 kg of carbon dioxide annually. Over the past five years, the amount of carbon
dioxide has increased by 0.2 tons, while the lake has absorbed enough carbon dioxide to
reduce this increase by half. This situation has increased the acidity of the lake and
endangered aquatic life. If trees are not planted in the cave, this increase will continue to
rise proportionally by 0.2 tons every five years. Your task is to protect aquatic life and the
ecosystem by preventing the increase in carbon dioxide and stopping the lake’s carbon
dioxide absorption.

If there were a carbon dioxide elimination device, that is, a superpower, somewhere
nearby that eliminated 10% of carbon dioxide each year, how would your answers to the
questions asked in the third week change?

In how many years at minimum could you achieve this?
How many trees would you need for this purpose?
How long would it take if no trees were used?

At the end of the lesson, the Percentages Monitoring Test was administered.

2.1.6. Action plan 6

In the sixth action plan, the plan titled “Change the Groups” was implemented. Students
were divided into level-based groups: Group 1 (advanced level), Group 2 (upper-
intermediate level), Group 3 (lower-intermediate level), and Groups 4 and 5 (basic level).
Activities appropriate to each group’s level and learning deficiencies were planned. For the
first two groups, activities aimed at developing problem-posing skills were designed. For
the last two groups, a Percentages Worksheet was prepared, while for the third group, an
activity requiring students to match questions with their corresponding answers was
designed.
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For the first two groups, three word cards and one percentage card were distributed to
each group. The content written on the cards differed between the two groups. Students
were first asked to individually write and solve a problem using these cards, and then to
collaboratively write and solve a single problem as a group. Subsequently, the third group
was given four question cards and four answer cards and asked to correctly match the
questions with the answers. The final two groups were given the Percentages Worksheet.
During the activity, each group was supported, and guidance was provided where students
experienced difficulty. This activity continued for two class periods. At the end of the
second lesson, the Percentages Parallel Test was administered.

2.1.7. Final week

As the results of the Percentages Parallel Test indicated that students had reached the
desired level, the implementation was concluded. Volunteer students were asked to
summarize the entire process. Based on the data obtained from the tests administered at
the end of the modules, it was determined that mastery learning had been achieved and
that the desired learning level had been reached. For this reason, all students were
awarded the Organic Brain badge. Interviews were conducted with students selected for
the focus group, and their opinions regarding the implementation were obtained. Finally,
the post-tests of the Mathematics Achievement Test (OOYT) and the Mathematics Attitude
Scale (MYTO) were administered.

2.2. Data collection

In this study, the Ratio—Proportion and Percentages Achievement Test (OOYT),
developed by the researcher, was used as the data collection instrument. The test was
administered to students as a pre-test and post-test before and after the implementation
in order to measure students’ academic achievement in the topics of ratio—proportion and
percentages. In cases where test items have clearly defined correct and incorrect answers,
such as multiple-choice tests, reliability can be calculated using KR-20; when item
difficulties are similar, KR-21 can be used (Akyildiz, 2008). For this reason, both KR-20
and KR-21 were used to calculate the reliability of the OOYT. The KR-20 value was
calculated as 0.91 and the KR-21 value as 0.90, indicating that the test has high reliability.
It was decided that four items with an item difficulty index of r < 0.30 should be removed
from the test.

To measure students’ attitudes toward mathematics, the Mathematics Attitude Scale
(MYTO) developed by Onal (2013) was used. This scale was designed by Onal (2013) as a
five-point Likert-type scale consisting of 22 items and four factors: interest, anxiety,
necessity, and study. The internal consistency coefficients (Cronbach’s alpha) of the factors
were reported as 0.89 for Interest (10 items), 0.74 for Anxiety (5 items), 0.69 for Study (4
items), and 0.70 for Necessity (3 items). The overall internal consistency coefficient
(Cronbach’s alpha) of the scale was found to be 0.90.

2.3. Data analysis

In the study, students’ academic achievement was measured using the Ratio—Proportion
and Percentages Achievement Test (OOYT) developed by the researcher. To measure
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changes in students’ attitude scores, the Mathematics Attitude Scale (MYTO) developed
by Onal (2013) was used. Pre-test and post-test administrations were conducted for both
Iinstruments.

When the sample size exceeds 30, even if the normality of the population distribution is
unknown, the sample distribution is assumed to approximate normality and parametric
tests can be used (Ovla et al., 2017). The number of groups to be compared is also an
important consideration. In this study, since the number of participants was fewer than
30 (n < 30) and measurements were taken twice at different time points, the Wilcoxon
Signed-Rank Test, a non-parametric test, was used to determine whether there was a
statistically significant difference between pre-test and post-test scores (Buytkoztiirk,
2020).

3. Results
3.1.  Results related to the first research question
The results of the Wilcoxon Signed-Rank Test examining whether there was a significant

difference between students’ academic achievement before and after the implementation
are presented in Table 2.

Table 2. Wilcoxon signed-rank test results for OOYT pre-test and post-test scores

Post-test&Pre-test N Mean rank Sum of ranks Z p
Negative ranks 3 10.17 30.50 -3.422 .001
Positive ranks 21 12.83 269.50

Ties 1

Total 5

Note. *p < .05.

The analysis results indicate a statistically significant difference between students’
academic achievement scores before and after the implementation (z = -3.422, p < .05).
Considering the mean ranks and sum of ranks of the difference scores, the observed
difference favors the positive ranks, that is, the post-test. Accordingly, it can be stated that
the gamification-supported mastery learning model implemented in this study had a
significant effect on improving students’ mathematics achievement.

3.2.  Results related to the second research question

The results of the Wilcoxon Signed-Rank Test examining whether there was a significant
difference between students’ attitudes before and after the implementation are presented
in Table 3.

Table 3. Wilcoxon signed-rank test results for MYTO pre-test and post-test scores

Post-test&Pre-test N Mean rank  Sum of ranks 7 p
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Negative ranks 0 .00 .00 -4.202 .000
Positive ranks 23 12 276
Ties 2
Total 25
Note. *p < .05.

The analysis results indicate a statistically significant difference between students’
attitude scores before and after the implementation (z = -4.202, p < .05). Intervention or
manipulation fidelity

4. Discussion and conclusion

According to the research findings, students who participated in mastery learning—based
gamification activities achieved significantly higher post-test scores in mathematics
achievement compared to their pre-test scores. This result indicates that integrating
gamification with the mastery learning model is an effective approach for increasing
students’ academic achievement. During the implementation process, it was observed that
students were more actively involved in the learning process not only cognitively but also
affectively, and that game mechanics such as task completion, earning badges,
accumulating points, and progressing through levels supported motivation for learning.

This finding is consistent with similar studies reported in the literature. Experimental
studies conducted by Pontes et al. (2019) and Reichelt (2015) found that groups in which
gamification and mastery learning methods were used together achieved significantly
higher academic achievement scores than groups taught using traditional methods. In both
studies, preventing students from progressing to the next module before reaching a certain
level of proficiency increased the permanence and depth of learning in accordance with the
fundamental principles of the mastery learning model. Particularly in Reichelt’s study,
remedial modules contributed to addressing learning deficiencies and ensuring that all
students achieved the targeted learning outcomes.

Similarly, meta-analyses quantitatively examining the effect of gamification on
academic achievement support the results of this study. In an analysis of 45 experimental
studies conducted by Yildirim et al. (2019), gamification was found to have a moderate
effect size on academic achievement (ES = 0.557). Bai (2020) likewise reported a moderate
effect size (ES = 0.507) in a meta-analysis of 24 studies. These results indicate that
gamification supports students’ academic performance by simultaneously activating
affective and cognitive factors in the learning process. Experimental studies conducted
using the mastery learning model also align with these findings. Yildirim and Selvi (2017)
reported that mastery learning components played a decisive role in students’ achievement
gains when combined with STEM-based instruction in science education. Jhala (2003),
Savcl and Kirki¢g (2012), and Ugwu and Nnamani (2023) similarly reported significant
increases In students’ achievement levels when mastery learning was supported by
cooperative learning, concept maps, and group-based approaches in different subjects and
grade levels. These findings demonstrate that the effectiveness of mastery learning is
strengthened when integrated with different instructional methods.
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Studies by Lopez and Oquendo (2024) and Ozler (2020) further showed that supporting
mastery learning with different technological or pedagogical models (e.g., the flipped
classroom model) reinforced academic achievement gains, highlighting the structural
flexibility of the mastery learning approach and its ability to work synergistically with
diverse instructional strategies.

Despite the large number of studies emphasizing the positive effects of gamification on
academic achievement, the literature also includes studies reporting different outcomes.
Dominguez et al. (2013) and Hanus and Fox (2015) found that although students’
participation levels increased in gamified courses, their academic achievement decreased.
These contradictory findings are attributed to factors such as the misalignment of game
mechanics with learning objectives, excessive reliance on extrinsic motivation, and
imbalances in instructional design. In this regard, it can be argued that the effectiveness
of gamification depends not merely on whether it is used, but on how it is implemented,
how well it aligns with students’ profiles, and the quality of feedback processes.

On the other hand, Amo and Aou (2022) reported that both gamification and mastery
learning methods produced significant achievement differences compared to traditional
instruction, but no significant difference was found between their effect sizes. This result
suggests that both approaches are powerful and effective in enhancing achievement, and
that their effect sizes may be similar.

The results of the study also revealed that students who participated in mastery
learning—based gamification activities showed a statistically significant increase in their
post-test attitude scores toward mathematics compared to their pre-test scores. This
finding indicates that combining gamification with the mastery learning approach can
positively influence students’ attitudes toward the course. Active participation in the
learning process, experiencing a sense of achievement, having opportunities for individual
progress, and enjoying learning environments supported by game elements contributed to
the development of positive emotions toward the course.

Although no studies were found in the literature that directly examined the effect of
combining mastery learning and gamification on attitudes, numerous studies have
demonstrated that both approaches individually have positive effects on attitudes. In
particular, studies integrating mastery learning with different instructional approaches
have reported increases in students’ interest and positive attitudes toward the course
(Jhala, 2003; Oquendo & Lopez, 2024; Sava & Kirkig, 2012; Ozler, 2020; Ugwu &
Nnamani, 2023; Yildirim & Selvi, 2017).

Jhala (2003) found that the attitude scores of the experimental group in which
cooperative learning and mastery learning were implemented together were significantly
higher than those of the control group. Similarly, Yildirim and Selvi (2017) reported that
STEM-based mastery learning applications in science education produced the most
pronounced increase in students’ attitudes. These findings indicate that mastery learning’s
emphasis on individual differences, remediation of learning deficiencies, and continuity in
the learning process has a direct positive effect on attitudes.

Hayat (2018), who quantitatively examined the effect of mastery learning on attitudes,
reported in a meta-analysis involving 4th—8th grade students that mastery learning had a
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strong effect, particularly in mathematics courses (ES = 0.601), with an overall large effect
size of 0.609. Similarly, Batdi (2016) found a large effect size (ES = 0.904) for mastery
learning’s impact on attitudes in a meta-analysis of experimental studies conducted
between 2013 and 2014. These results support the conclusion that mastery learning
produces positive affective outcomes and strengthens students’ motivation and confidence
toward learning.

The role of gamification in improving students’ attitudes toward the course is also
frequently emphasized in the literature. Cayir (2021) and Gelen and Ozer (2010) observed
significant increases in students’ attitude scores in gamified mathematics instruction,
although they reported the effect to be at a moderate level. Maryana et al. (2024) similarly
reported that gamification significantly improved middle school students’ attitudes toward
mathematics. In contrast, a study conducted by Moreira Parrales et al. (2024) found that
gamification had a neutral effect on attitudes. This variation suggests that the outcomes
of gamification designs may differ depending on variables such as students’ age level,
interests, and sensitivity to reward systems.
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