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ABSTRACT

This study examined the effectiveness of gamification in fostering critical
thinking and problem-solving skills in high school chemistry education in Qazagstan.
Using a mixed-method design, 92 participants across three school settings were divided
into experimental and control groups. Mann-Whittney U tests revealed statistically
significant differences in post-test scores in favor of the experimental group across all
contexts (p < 0.05; critical thinking skill: U =475, p <0.001; problem-solving skill: U
= 221, p < 0.001). Thematic analysis of semi-structured interviews supports these
findings, with participants reporting enhanced motivation and deeper cognitive
engagement. The study concludes that gamification is an effective pedagogical strategy
for developing critical thinking and problem-solving skills in high school chemistry
education.

Keywords: gamification, critical thinking skill, problem-solving skill, chemistry

education, chemistry, high school, Qazagstsan.
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AHJIATIIA

byn 3eprrey KazakcTanaarbl >Korapbl ChIHBIIT OKYIIBUIAPBIHBIH XUMUS MTOHIH/IE
ChIHM OWJIAY OHE MICEJIEH] STy JaFAblIapblH reiMU(GUKALUSIHBI KOJIAHY apKbLIbI
KOFapbUIATYbI 3epTTEH 1. Apasiac TOCT 3epTTEyiH KOJIJaHa OTHIPHIMN, YIII MEKTENTeH
92 KaThICYIIBI 3€PTTEY >KYMBICHIHA TOXKIpHOENIK XoHE Oakbuiay TOOBIHA OOJIHIN
KaTbICThI. MHH-YuTHN U aHaMM31H KOJIaHa OTBIPHII, MTOCT-TECT HOTHUXKECI OOMBIHIIIA
OapibIK MEKTenTeri TAKIpUOeNmiK KoHe Oakbliay TONTApbIHBIH —apachbIHAAFbl
CTAaTUCTHKAJIBIK albIpMaIbUIBIK aHBIKTAIABI (p < 0.05; chinu oitnay kadineti: U =475,
p < 0.001; macenenepai memry parapicel: U = 221, p < 0.001). CeMu-cTpyKrypasbl
WHTEPBbIOACH aJbIHFAH TEMATHUKAJBIK TajlAay aHAJM3/ICH aJIbIHFAH HOTHKEJIEpre cai
kenal. 3eprrey redMuUKAIMIHbIH XUMUS TOHIHAE JKOFaphl ChIITApAa ChIHU Oiiay
MEH MaceNeNep/l IICMIYJaFAbICBIH AaMbITyJa THIMJII MEJaroruKalblK CTpaTerus
CKEHIH TY>KbIPBIMJIalIbI.

Kinrce3nep: reiiMudukanus, CbIHU Oillay AaFlbIChl, MOcCeeIepl IIelry

JAFABICHI, XUMUS MTOHIHEH O171iM Oepy, XMMHUs, )KOFaphl ChiHbIN, KazakcraH.
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AHHOTALIUS

JlanHoe uccienoBanue uzydyaeT 3(QPEeKTUBHOCTh redMudUKAMU B pa3BUTUHU
HABBIKOB KPUTUYECKOTO MBIIIICHUS ¥ pEIICHUS MPOOJIEM Ha ypOKax XUMHUU B CTapIIeH
mikosie Kazaxcrana. B pamkax cMelmaHHOrO MeToja MCCieloBaHus 92 ydyacTHUKA U3
TpeX MIKOJI ObUTH pa3/ieJICHbl Ha IKCIEPUMEHTATBHYIO U KOHTPOJIbHYIO TpyIITy. AHAIN3
MbuH-Yuten U BBIABAJI  CTATMYECKH  3HAYMMbBIE  PA3IMuMsl B MOJbB3Y
AKCIIEPUMEHTANILHOM TPYIIBl OT KOHTPOJBHOW TPYIIbl MPU MOCT-TECTaX BO BCEX
mkoiax (p < 0.05; maBbik kputnuyeckoro mbinuieHus: U = 475, p < 0.001; HaBbIk
pemenne npodnem: U = 221, p < 0.001). TemaTtnueckuii aHanu3 ceMU-CTPYyKTYpPHOTO
WHTEPBBIO TMOATBEPAWSI 3TH  pe3ylbrarbl. MccinegoBaHuME — 3aKJIIOYAET, 4TO
reiimudukanus sBiserca dPQGEKTUBHON CTpaTerueil st pa3BUTUS KPUTUYECKOTO
MBIIIUICHUS U PEIIEHUE MPOOJIEM HABBIKOB B KYpCe€ XUMUU CTAPILIEH IIKOJBI.

KioueBble cjioBa: reiimudukaiusi, HaBbIK KPUTUYECKOE MBIIIJICHUE, HABBIK

peleHue npodiaeM, XMMUIEeCcKoe 00pa3oBaHue, XUMUs, cTapuias mkosua, Kazaxcras.
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INTRODUCTION

The significant growth of technology and variety of gadgets have improved the
quality of life, easing all kinds of daily chores. Amid this growing ‘easiness’, the new
generation has lost most of the vital skills known as critical thinking and problem-
solving. These skills become more consciously ingrained in a person’s consciousness
during adolescence and high school. Using gamification in high school chemistry can
help fill these gaps in students (Kamal, 2025).

The peak of technology use and the origin of this problem date back to 2019,
during the quarantine that followed the first global outbreak of the coronavirus. To
address learning challenges, all educational institutions transitioned to online learning,
giving students greater freedom. This opportunity led to various tricks among students:
using ready-made materials, cheating, not thinking through solutions independently
and the ease of accessing materials via gadgets, which led to health risks when used
longer than the allotted time. At the same time distractors, including videos, social
media, cartoons and scrolling, increased significantly. Due to the increased popularity
of these factors, students mostly perceive the negative impact of social media, leading
to a decline in their academic performance (Rithika, 2013; Kamal, 2025).

Negative impact and deterioration in academic performance are not the primary
consequences of addiction. Before reaching this stage, students clearly experience
decreased motivation, loss of independent study, disfocus, and misplaced priorities,
amidst the anxiety generated by ‘successful people’ on social media. Furthermore, the
‘light dopamine rush’ received from scrolling through social media replenishes the
student’s dopamine stores, leading to ‘laziness’, which is clear when performing even
the mundane tasks. The resulting addiction will lead to sleep problems, social isolation,
and unproductivity, increasing cyberbullying and mental health issues (Khare, 2023;
Kamal, 2025)

This section provides information about the introduction, including the
background and context of study, the research problem, the goal and objectives,

research questions and hypothesis, significance, limitations (Kamal, 2025).



One of the learning strategies used in online learning is gamification, which has
attracted much interest in recent decades due to its potential impact on improving user
engagement and enjoyment. Gamification is a method in which various game strategies
and mechanics are used in non-game contexts to increase student’s engagement and
motivation. This methodology seeks to engage students in an interactive system that
motivates them to participate in the process of a particular activity (Chans, 2021; ibid.).

Chemistry represents an intricate yet important field of study within science. The
subject goes far beyond rote memorization of the periodic table and equation balancing.
Instead, chemistry requires students to think through problems where certainty is not
always possible, discern causation through unseen molecular reactions, and construct
arguments to explain things not visible to the naked eye. But this process of thinking
1s not simply academic. Rather, it represents the core of how scientists think. Still,
modern chemistry education shows inconsistency in how it is practiced, as lecturers
teach to a room full of disengaged students while practice problems are drilled without
regard for the logic behind them.

This mismatch between what chemistry demands and what traditional teaching
offers is not an abstract issue. It is evident in learners who know Le Chatelier’s
Principle but cannot utilize it in dealing with novel chemical equilibria problems and
in learners who get stuck in answering an experimentally oriented question due to a
lack of ambiguity management training.

Gamification was chosen to close this gap. By designating particular game
mechanics such as points, levels, achievements, challenges, leaderboards, and instant
feedback, these mechanics become flexible according to the topic at hand. In addition,
there is a significant amount of research demonstrating an effect where engagement
and motivation improve based on the idea that learning is not mandatory. The logic
behind it suggests that games engage people, make them care about results, and
encourage perseverance more effectively than, for instance, worksheets. As an
example, solving the chemical equation becomes more meaningful when it affects the

student's place in the class leaderboards.



Many studies conducted on gamification in education have focused on evaluating
the effectiveness of the use of gamification in improving students' enjoyment,
attendance, or motivation (Dicheva et al., 2015). Although these studies have produced
important findings, more needs to be done. When a student enjoys a gamified chemistry
class and leaves without any improved analytical ability, he or she is merely amused,
but not educated. The gap that will be explored in this study relates to the influence of
gamification on critical thinking and problem solving in secondary school chemistry.
Whether gamification makes students think better, not merely feel better about thinking
will be the findings of the given study.

Aim of the study is to investigate how gamification can be effectively leveraged
to foster students critical thinking and problem-solving skills among high school
chemistry students, and to understand which gamification elements drive those
outcomes and how students experience the process.

The study i1s guided by four research questions, each addressed through a
specific method:

1. How can gamification be effectively leveraged to foster students
critical thinking skill in chemistry education in high school?

2. How can gamification be effectively leveraged to foster students
problem-solving skill in chemistry education in high school?

3. Which specific gamification elements are most effective for
developing critical thinking and problem-solving skills in chemistry
education in high school?

4. How do the students perceive the use of gamification in chemistry
education in high school?

Objectives are:

1. To assess the impact of gamification on students critical thinking
skill in high school chemistry education through pre- and post-test

comparisons.



2. To assess the impact of gamification on students problem-solving
skill in high school chemistry education through pre- and post-test
comparisons.

3. To identify which specific gamification elements are most effective
in developing critical thinking and problem-solving skills in chemistry
education in high school.

4. To explore student’s perceptions and experiences regarding the use
of gamification in high school in chemistry education.

Hypotheses of the given study are shown below:

Null hypothesis: Gamification does not significantly foster critical thinking and
problem-solving skills in high school chemistry education.

Alternative hypothesis: Gamification significantly fosters critical thinking and
problem-solving skills in high school chemistry education.

The significance of this research is layered. For the classroom teacher, the study
offers practical guidance based on research about what gaming practices result in
cognitive benefits. From the perspective of curriculum developers and administrators,
the research contributes to an increasingly larger body of knowledge that could be used
to make decisions regarding science education in high schools. And for the broader
field of educational research, it insists on a distinction that too many studies have
blurred: the difference between a student who 1s engaged and a student who is thinking.

This study’s theoretical contribution adds to what is already known by looking
at a part of education that hasn't gotten much attention before. Specifically, it looks at
how to intentionally develop critical thinking and problem-solving skills in high school
chemistry classes. While researchers have looked at gamification in many different
areas of learning, there's less focus on how it can build these higher-order thinking
skills in chemistry. The study helps grow our theoretical understanding of how
gamification links up with cognitive development and subject-specific teaching
techniques. It lays down some groundwork for future research too, helping to find

reliable ways to teach analytical and problem-solving skills in high school settings.



This study’s practical contribution is a ready-to-use instructional manual for
chemistry teachers who work with high school students. It includes 16 games made to
boost critical thinking and problem-solving in their lessons. What sets it apart is its
bilingual design - in both Qazaq and English - which fits well in Qazaqgstan's schools
and makes it useful for an international audience too. These games are super easy to
use, needing little prep time, and can be slotted into any lesson plan with ease. By
combining theory with practical use, the manual gives teachers a set of tools based on
real evidence. This lets them go beyond old teaching methods and get students engaged

in more complex thinking through fun, game-based activities.



LITERATURE REVIEW

This literature review examines the scholarly evidence of three basic themes
based on implementation of gamification to increase critical thinking skill in chemistry
education and the contribution of gamification to problem-solving skill development
in chemistry education, gamification’s effect on critical thinking and problem-solving
skills in other subjects. Each of these themes is addressed in a dedicated section
drawing on recent empirical research, with the aim of constructing the theoretical and
evidential foundation for the present study’s investigation of gamification’s impact on
critical thinking and problem-solving in high school chemistry across three
institutionally distinct school settings (Kamal, 2025).

Gamification is broadly defined as the integration of game design elements into
non-game contexts, with educational settings being among its most widely studied
application areas. The growth of gamification research in educational settings has been
substantial over the past decade, with a growing application in STEM and formal K-
12 education, as well as increasing relevance of online and personalized learning
environments, through significant research gaps remain, particularly concerning the
long-term impact of gamification and isolated effects of individual game elements
(Gini1 et al., 2024).

Importantly, in underrepresented science disciplines like chemistry, conducting
more research is especially critical to understand the impact of gamification
(Kalogiannakis et al, 2021). A meta-analysis focused specifically on chemistry
education confirmed this potential, finding that interactivity in combination with
multiple representations in game-based learning requires learners to connect all three
levels of chemistry knowledge and switch from one level to another, which may help
overcome learning difficulties, while real-time feedback enables learners to identify

chemistry content they may be struggling with (Hu et al., 2022).

1.1 Critical thinking skill in Chemistry Education
A growing body of evidence links gamification to the development of critical

thinking skills. Research employing a pre- and post-test approach revealed statistically
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significant improvement in student’s post-test scores across all critical thinking
domains, indicating that gamification positively influences conceptual retention and
cognitive development among Grade 9 students (Khattib, 2024). At the level of STEM
education more broadly, gamified STEM activities may enhance problem-based
learning but focuses on active learning in which students work with different tools and
resources to solve their problem (Asigigan, 2021).

Teachers have observed that while students enjoy themselves and interact during
gamified activities, new skills such as critical thinking and creativity are developed,
improving their memory capacity (da Silva et al., 2025). It supports theories suggesting
that the inclusion of story, competition, and creativity in games tends to encourage the
involvement of higher-level cognitive functions.

This aspect of how gamification interacts with critical thinking and problem
solving is equally well supported by the literature. As an instruction technique that
focuses on student engagement, gamification is a promising strategy that can motivate
students to develop problem-solving skills, making it a valuable improvement in
teaching procedures (Zeng et al., 2024). This idea is additionally backed up by
empirical evidence obtained in the context of secondary schools, which reveals a
significantly positive impact of gamification on problem-solving skills in secondary
schools, evidenced by the test scores after treatment (Xavier, 2024).

What has not been proposed any longer is the idea that gamification produces
improvements solely in the realms of critical thinking and problem solving. A meta-
study confirms this trend, as gamified students show tangible improvement in their
higher-order cognitive functions. The process at work here is the usage of the
knowledge obtained through new concepts within active learning rather than passive
learning (Zheng et al., 2024). However, the scope of research expands further than
merely cognitive abilities; behind every learning experience, there is the aspect of
affective functions, where progress is slower to be made.

A departure from the traditional approach was followed by Hyung (2025), as the

researcher looked into the effects of gamification on students' emotions during



instruction based on self-determination theory. For this purpose, the author utilized the
Classcraft program alongside other traditional gaming components like points, badges,
and leaderboard rankings. However, the implications were far-reaching: gamification
not only helped boost students' positive feelings, but it also served to reduce negative
feelings, with notable decreases in levels of anxiety and hopelessness. Even more
interesting, however, was that which existed below the surface of the data: Learning
styles did not serve as a neutral factor, but actually affected all aspects of emotional
experience. Sensory learners had more success emotionally thriving in situations where
direct interaction was possible due to the stimuli involved, while intuitive learners
found relief through the logical structure of gamification. The same intervention, in
other words, reached different students through entirely different doors.

The broader landscape of gamification research in science education has been
systematically explained by Alahmari et al. (2023), whose review of 31 studies indexed
across international databases found that most gamification interventions produced
positive outcomes for science education students. The review confirmed that
gamification was most commonly employed to enhance student’s learning skills across
various science fields, while also highlighting that certain areas within science
education remain insufficiently investigated. The authors concluded that while the
evidence base is encouraging, further research is needed to develop across the full
breadth of science disciplines. This finding is directly relevant to the present study,
which addresses one area. And contributes empirical evidence to a literature that thus
far lacked sufficient subject-specific and context-specific investigation.

According to scholars, gamification can turn traditional educational processes in
chemistry into engaging and student-focused learning environments that will foster
critical thinking and problem-solving skills in young people. As mentioned by Jenkins
and Mason (2020), the implementation of gamification in active learning frameworks
helps to achieve better conceptual understanding and active involvement in general
chemistry courses. Moreover, the bibliometric mapping of gamification in chemistry

performed by Dolni¢ar (2025) indicated an increasing number of publications



dedicated to this phenomenon and confirmed gamification as a new trend in
educational practice, which is important because of the importance of developing
cognitive skills in the high school context.

Motivation and engagement have become regular outcomes of various types of
studies on gamification. For instance, Suryapranata et al. (2023) showed how
gamification can be used to motivate high school students to study chemistry using the
visual novel method. Another study conducted by Hallal (2022) proved that the
utilization of gamification through the tool known as ChemiPuzzle led to positive
changes in students' motivation and enhanced their ability to understand structural
elements of organic compounds. Additionally, Ambarwati et al. (2022) proved that
gamification could also be applied together with problem-based learning, which led to
improvements in mathematical problem-solving skills. Consequently, gamification
may serve as an effective tool to motivate students and engage them in learning

different subjects.

1.2 Problem-solving skill in Chemistry Education

In addition, many studies have proven the potential of gamification to help
students develop critical thinking skills and become efficient problem solvers. The
same conclusion was drawn by Benjamin (2024), who discovered that gamification
improved students' perception of engagement and problem solving that were crucial
for success in chemistry studies. In another study, Feng at al. (2024) performed a
systematic review of existing literature and found evidence of the positive influence of
gamification on the problem-solving skills in students regardless of subject. Thus, the
use of gamification techniques may contribute to the improvement of young people's
cognitive functions.

Recently, several researchers focused on gamification as a means for cultivating
higher-order cognitive skills in high school students. Specifically, Olaya-Abril (2026)
proposed ESTOPA as a low-cost method of developing critical thinking and problem-
solving skills in the field of chemistry. Machmud et al. (2023) developed a

constructivist gamification environment and emphasized the importance of introducing
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ill-structured problem-solving tasks to enhance students' critical thinking. These
examples show that gamification is quite flexible and can be adjusted to meet various
needs in terms of educational practices.

At the same time, it is essential to focus on the narrative-driven gamification
methods to promote cognitive engagement of students. According to Jiménez-Valverde
(2025), combining a narrative and gamification strategies could improve conceptual
understanding and applications in chemistry. In particular, embedding a certain
problem-solving task into the storyline i1s associated with increased development of
critical thinking in students as they would solve a particular problem within a certain
situation.

Chang et al. (2021) proposed to improve the educational strategy by using
gamification to overcome the difficulties in teaching. The article also noted that
previous studies in the field of gamification have been successful in showing students’
professional abilities with an increase in their activity during the lesson. These findings
prompted the creation of gamification in undergraduate chemistry courses called
Fundamental of the Structure and Transformation of Matter and Analysis of the
Structure and Transformation of matter in the 2020-2021 academic year in Mexico.
According to the description, three principles were used for their gamification system:
autonomy, relatedness, and competence. In the project, long-, medium-, and short-
termed activities with tools such as survey and pre-, post-tests were used to achieve
goals and obtain answers to research questions. In the results obtained from pre-, post-
tests, at the end the number of students who got higher scores increased. In the survey,
most students wrote about a good disposition to gamification, describing it as a tool to
be focused and motivated, and effective for studying. As the authors mentioned, the
most effective and interesting in the gamification methodology for students was tokens,
promoting students’ participation in each lesson. Otherwise, the least effective was
mind maps due to the heavy workload along with other subjects. In conclusion, authors
propose using the gamification methodology in different circumstances, classes and

subjects (Kamal, 2025).
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In the case of Lutfi et al. (2023), the objective was to obtain a game for use on
hydrocarbon learning media based on the effectiveness, practicality, and validity of the
game. To achieve this goal, the authors collaborated with students from East Java High
School-Indonesia. The research and development (R&D) method consisting of three
steps, such as 1) Preliminary Study, 2) Product Development, and 3) Testing was used
to create the game. To check the reliability of the results in the article, calculations were
made using SPSS program assistance. During the verification of the calculations, it was
proven that the Hydrocarbons Chem-Rush game is valid for use, gaining validity with
a range of 73.33% - 93.33%. Thus, the authors showed accurate data for use in further
new projects. The created game showed high results when checking the student’s
learning outcomes using the Kolmogorov-Smirnov Test. The method of checking the
motivation of students was a questionnaire with four aspects, all aspects of students
after the game showed results above 70%. According to the author, despite the age of
the high school students love games, in connection with this, the created new game was
crowned with success and can be used as an alternative version of teaching chemistry
(ibid.).

Othman et al. (2024) article started research from the studying student’s
responses to the integration of gamification in science education. Based on the ADDIE
method, CHEM-XPLORACE activities were created, consisting of four games, each
of which represents different aspects of chemistry, from creating songs with chemical
terms to correctly forming chemical terms. The data were obtained from pre-Diploma
in Science students an Universiti Teknologi MARA. To achieve the goals and verify
this, pre-, post-survey was used. The results of the work showed a positive impact on
students, as well as an increase in understanding of the importance of chemistry in
everyday life. Despite this, limitations were identified during the work, the first one is
efficiency. The authors noted that it will be different due to different student
populations and educational contexts. During the survey, a small decrease in student
interest was noted, while it is difficult to identify more accurate data due to the study

being conducted without a control group. These shows that it is worth considering
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many factors that influence student’s perception. The results obtained, despite the
limitations, show that CHEM-XPLORACE develops group work, communication,
leadership, and improves the effectiveness of teaching chemistry using visual and

kinesthetic elements (op cit.).

1.3 Gamification’s effect on Critical thinking and Problem-solving
skills in other Subjects

The article by Al Ghawail et al. (2022) aims to create different game designs in
the technology of Kahoot! In addition, the article seeks ways to determine the effective
ability of students to learn in-, out-of-class and the use of psychology theory in
connection with the motivation of students. As a sample, first-year students of
pharmacy science college of Alasmarya Islamic University, Libya were chosen. The
research controls the process of education with the help of game based learning. In the
process of data analysis, the use of Likert scale, Schronbaskhs alpha, IBM SPSS
Statistics 20.0 software 1s noted. The obtained data comes to the fact that Kahoot!
provides more constant learning in comparison with traditional methods, helping to
teach easily, and facilitating the process of obtaining information for teachers on how
many questions the student answered correctly. The authors write that this will help to
determine the level of the student at the moment. The article in the results showed
greater involvement of students in lessons, high indicators of competition, which led
to diligent preparation for lessons. In addition, competition among students was
consistent in the findings. In the limitations, the authors mentioned that due to the
number of samples, the results obtained do not apply to all lectures using the Kahoot!
technology. Interesting moments that occurred during the use of the Kahoot!
technology increased the fast-paced learning environment and competition among
students, thereby having a positive impact at the end of the research (op cit.).

da Silva Junior et al. (2025) in his article took as a goal to motivate students in
low positions, thereby improving the learning of students. The most interesting is the
training of students to determine the chemical composition of an unnamed drug.

Chemistry and Pharmacy undergraduate students were chosen as the object. The game
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has three different rankings, during the game the player receives rewards, thereby
increasing his ranking. A distinctive feature of the game is the "Unsuccessful student".
The meaning is to choose one student as unsuccessful from the top five students, as a
reward gives chocolate. According to the author, this increases the motivation of
students to reach the top, thereby becoming unsuccessful. Reading the article, you can
see that the authors relied on popular games among students, thereby drinking the
service of their own game. For example, this can be seen in the change of avatars, or
in the final boss. The rewards received were different: for students in low positions,
they added more points than to other students. However, the authors claim that there
was no complaint about this because all players were given extra points. And at the end
of the semester, the top players were presented with a real trophy in recognition of their
victory. To test the effectiveness of the game, the authors used the User Engagement
Scale (UES-SF). When comparing traditional methods with the game, there was not
much difference. There is several limitations are shown. Firstly, having changed
traditional methods with a dynamic game, students remained under pressure due to the
imposed dynamism. Secondly, the number of students who chose traditional methods
calculated the inconveniences of gamification as little time to solve problems, learn
new content, and the performance of students. In conclusion, the authors can change
the game in the desire of students (op cit.).

In most cases, there are a lot of "gaps" in the research areas, and gamification
technology is no exception. In the Swacha (2021) article, the objective is to find such
holes and close them. To begin this, it was decided to make a survey consisting of three
parts. In the first part, the number of publications in three sites was analyzed. Google
Scholar showed the largest publication in 2019. But Scopus was chosen for further
analysis. The author explains this by the fact that there are articles that can answer all
questions. The main analysis shows that the USA and the UK have the largest number
of publications. As an area of most interest in gamification and education was computer
science. And the most common type of publication is a conference. The author briefly

explained the results of the mentioned lack of dominance between institutions in
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publications, and there are no holes between frequent authors or leaders. Many
situations means that the author is a major participant in the field of gamification in
education. This is a method of effective research communication (ibid.).

In this work, Yildinm et al. (2021) examines the elements for effective
integration of gamification into the educational process. To identify the results, the
author decided to use the meta-analysis method. The object was more than 3,000
students from different countries. The study was conducted using different games in
different concepts. Each game included different elements, such as motivation,
relativity, dynamics, aesthetics, and so on. In identifying the results, a common effect
size value was used, the resulting figure showed a positive effect on student
achievement. In general, using Hedges' g value's omega square, 7.2% positive value
was calculated, which increased academic achievement (ibid.).

The Murillo-Zamorano et al. (2023) article explores the gamification gap in
learning by linking engagement, knowledge, and satisfaction of students with
gamification that has not been explored in single research. As a gamification tool was
chosen The ECOn+Star Battle from the teaching-learning process -The 8-Pointed
Higher Education Gamification Star-. This method was conducted in classroom and
extracurricular gamified activities for the Macroeconomics class for 15 weeks and 60
hours. The participants were in groups of 3-4 students. During the experimental part of
research 5 topics from the syllabus of the course were covered. The results showed that
gamification would directly affect the level of knowledge and engagement; the indirect
effects of gamification were shown in the students' network. In conclusion, this piece
of paper shows the impact of gamification does not work consistently in the long term
when students are not satisfied with the implementation of gamification (op cit.).

The article of Nazneen (2024) describes the changes in students' attitudes
towards gadgets that attract their attention. The root of this problem is the main reason
for socialization today. The article discusses the introduction of gamification as a way
to attract students' attention, develop critical thinking, and thus improve thinking, logic,

and concentration. The gamification strategy was applied to 150 college students in
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Aurangabad. After passing the preliminary test, the students were randomly divided
into control and experimental groups. After the study, the analysis showed that the
indicators of critical thinking, decision-making and problem-solving were significantly
higher in the experimental group compared to the control group. The average values of
these indicators were higher compared to the t-value. In conclusion, it has been proven
that the inclusion of gamification in the curriculum will help students actively
participate in lessons, while strengthening teamwork and competitive spirit (ibid.).

The article by Ahmed et al. (2025) is devoted to the problems of online education
for university students; the increased demand for online education in the field of natural
sciences has led to unprecedented problems. Developing critical thinking in the study
of natural sciences is a fundamental skill, but online learning does not fully meet this
need. Gamification was used as a suitable problem-solving strategy. Although most
studies demonstrate the positive effect of gamification in online learning, the
effectiveness of the strategy depends on factors such as student demographics, prior
knowledge, and the subject being taught (Dichev and Dicheva, 2017).

The study was conducted quantitatively using surveys. Six hundred students
from three universities were selected: University of [lorin, Kwara State University and
Al-Hikma University, with 200 students each. The data collected from the students was
divided into research questions. All questions related to critical thinking received
positive answers. In conclusion, this topic demonstrated the effectiveness of
gamification in online science education, and the effectiveness of the strategy depends
on student motivation and learning style (Kamal, 2025).

In the article of Hursen (2019), the authors begin by explaining gamification and
its necessity, considering its potential to increase the effectiveness of achieving goals.
Unlike the previous one, the author's research subject was elementary school students.
The use of gamification has reinforced the perception of traditional learning as boring
and ineffective, while improving communication and problem-solving skills. Despite
this, the influence of parents on children and their motivation remain unchanged.

Therefore, the authors decided to study the parents' opinion on gamification. The study
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involved 16 students and their parents from the primary school of the Ministry of
National Education of Northern Cyprus. Preliminary and post-test tests were used to
assess the level of motivation, and interviews were conducted with parents and students
to find out their opinions. The ClassDojo app was used to gamify science lessons. The
app gave negative and positive marks depending on the students' skills, as well as
assessed homework and provided feedback in the app. The students were divided into
four groups. Based on the data obtained from the app, the group with the highest score
received awards, and students were given the opportunity to change their avatar. After
receiving the results, the Wilcoxon rank test method was used to analyze the motivation
level. The effectiveness of gamification to increase motivation in science lessons was
determined. Interviews with students and parents revealed positive feedback from both
sides. The conclusion demonstrated the effectiveness of gamification in developing
positive qualities of students (ibid.).

In the work of Angelilli (2023), the authors aim to use the heroes of Brazilian
folklore to create a game that develops critical thinking and empowers vulnerable
communities affected by misinformation and fake news. Four groups from the city of
Goiania were selected for the study: one group was homeless, two groups were from
urban and suburban areas, and one group was garbage collectors. It used the
methodology of a role-playing game (RPG), in which the player assumes a new,
distinctive role, different from his everyday persona. The host starts the game from the
stage, and the players must decide together what to do next. After making a decision,
the moderator displays the result, showing how it affected the course of the game. To
understand the structure, the players were given cards with the characteristics of their
characters. The results showed that the participants demonstrated a high level of game
learning combined with creativity and critical thinking in real life. As the final
conclusions have shown, game learning is effective for developing critical thinking not
only in schoolchildren, but also in adult learners (op cit.).

In an article by Chavez Suarez et al. (2024), the goal was to evaluate the

effectiveness of gamification in developing students' critical thinking in a math lesson.
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Seventy-four 10th grade students enrolled in the Basic General Education (BGE)
program at an educational institution in Quito were selected to participate in the study.
Each game lesson lasted from two to three hours, and a total of 10 lessons were
conducted offline. For a descriptive analysis, pre- and post-test tests were used to
compare effectiveness. The games used in the lessons were adapted to the cognitive
level of the students, and their difficulty level was gradually increased to develop
analytical thinking and reasoning. The analysis of the pre- and post-test tests showed
the effectiveness of gamification in the development of critical thinking. The study
concludes that with good design and implementation, gamification will yield positive
results, but problems include dependence on context and the need to avoid distractions
(ibid.).

The article written by Ravil and Rinat Ramazanov (2025) is aimed at
strengthening critical thinking and solving skills problems along with increasing
engagement in learning using gamification. To achieve this goal, a 3-week Lesson
Study was chosen, the participants were students of the 12 high school students of
Nazarbayev Intellectual School in the age range of 15-16 years. The gamification
elements in the study included challenge levels, personalized avatars, and group work.
There was also a virtual assistant in gamified activities. Assistant helped with
instructions, sent motivational messages, and used reflective promts to increase
efficiency, for example, by asking students to explain their logic. Group work with
problem solving scenarios was chosen to enhance analytical abilities; after finishing
special exercises, "knowledge crystals" were given. The mixed approach method was
used for reflection and observation. A Likert scale was chosen to test motivation;
engagement was shown through participation and completion of the task. The data
obtained showed a positive effect of gamification, engagement and motivation were
increased by the corresponding 15% and 0.9. Reasoned responses and teamwork during
gamification showed an increase in solving skills problems along with independent
learning and analytical thinking. This article proves the effectiveness of gamification

by various indicators in the computer science class. Findings suggest the usage of
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gamification as an approach in STEM education for increased learning outcomes.

Unlike other articles, the work written by Temirbay A. (2025) considers
gamification in chemistry together with theoretical models as constructivism. This
work 1s aimed at learning the concepts of Organic Chemistry in secondary school
systematically and in long-term memorization through gamification. ChemPlay was
chosen as the gamification element, this game includes flashcards, matching, and
writing appropriate reactions. The authors suggest using this game to repeat the theme
of Organic Chemistry. The game includes team activities of 4-5 students, teams will
compete for the number of correct answers to questions within a minute. Correct
answers will help you move to the top. The authors described several distinctive
features of this game when used in chemistry, such as memorizing materials in long-
term memory, increased student interest, the possibility of differentiation, and an
emotionally positive reaction in the classroom.

Lutfi (2021) work was conducted as a case study in Indonesia, the authors aim
to study the effectiveness of computer-assisted games as a learning environment for
improving the quality of Chemistry education in high school. The study was conducted
in three different classrooms at three different schools that were randomly selected.
The total number of students was 88; 28 of them were the control group. Unlike other
papers, there are 2 experimental groups, each with 30 students. The chosen topic for
the study was called Atoms and Molecules. The collection of information began with
a pre-test, followed by change of behavior during the introduction of gamification,
ended with a post-test, and students also answered questionnaires. The lesson lasted 90
minutes. After the lesson, a post-test was conducted. The data obtained from the pre-
and post-test shows a significant difference between the control group and the
experimental group, the experimental group showed high results in training and
engagement in the lesson. This computer game will help students to easily learn
chemistry by attracting them through the choice of colors and content. The author
mentioned that chemistry is a suitable subject for this type of research, but it would be

better to try to conduct research in other subjects (Kamal, 2025).
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Sahito (2024) conducted research on the topic with the aim of finding an effective
tool for increased student engagement with enhanced critical thinking in STEM
education. The main part of the study was gamification, which showed the relationship
of gamified activities to motivation, critical thinking, and problem solving skills of
students in STEM education. Quantitative and qualitative methods were used for
evaluation, the first method examined the representation of participants before and after
the implementation of gamification. The second method included an observation of the
classroom, a survey, and an interview. This study includes 120 participants of 9-12
grades from three urban public high schools that teach Stem education. The schools
were chosen based on the possibility of adapting to gamification and access to
resources such as the Internet. Two teachers from each school, overall 6 teachers were
trained to implement gamification to the lessons. The gamification elements were
points, rewards, missions, group and individual work. The data for the analysis was
collected using pre- and post-tests to determine the level of critical thinking and
problem solving skills. The interview was semi - structured and collected from 20
students with 6 teachers. The collected data showed positive gamification traits for
critical thinking and problem solving skills among high school students, despite
demographic differences and grades (op cit.).

Abbassyakhrin’s (2024) work includes a study of the effect of metacognitive
skills and critical thinking in implementing gamification to high school Biology. This
study was used in quasi-experimental research. The Gamification website and syllabus,
along with the Learning Implementation Plan, were used as tools. Metacognitive
abilities were tested using a test on a scale of 0-7, and critical thinking was tested using
a test on a scale of 0-5 based on the critical thinking assessment rubrics. The
participants in this training were 30 high school students from Bima City. The date was
collected in the first semester of the 2021-2022 academic year in quantitative form as
an estimate. Gamification website design includes navigation keys, which is continued
by challenges of the appropriate level. After the end of the challenge, the result page is

displayed, provided that you get the right number of correct answers. If you haven't
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reached the indicated goal, then you need to switch again with a time limit. Random
motivation windows appear while completing tasks. After reaching the goal, the
participants will see the prizes received in the form of medals. The data obtained was
analyzed, the results showed the possibility of using gamification to enhance
megacognitive skills along with critical thinking (ibid.).

The literature has examined the scholarly evidence bearing the development of
critical thinking through gamification in chemistry education, and the contribution of
gamification to problem-solving in chemistry education and across different subjects.
Across all thematic areas, the evidence consistently points toward gamification’s
capacity to transform the quality of chemistry learning, motivationally, cognitively, and
behaviorally only when implemented with sufficient pedagogical sophistication,
subject-matter alignment, and instructional duration.

The critical thinking literature demonstrates that gamification in chemistry
education develops not merely the capacity for critical reasoning but the disposition to
exercise it spontaneously in chemical problem contexts. It can be inferred from the
problem-solving literature that gamification helps improve chemistry problem-solving
in at least three different ways: directly by providing increasingly difficult problems to
solve along with immediate feedback; indirectly by affecting motivational and
metacognitive states; and structurally by promoting productive failure as well as
viewing chemistry problems as real challenges requiring intellectual work.

Overall, based on the analysis of the literature presented above, it can be
concluded that gamification plays two main roles in modern chemistry education: it
helps to foster student motivation and engagement, and also leads to the development
of cognitive skills in young people. The reviewed studies show that gamification can
be effectively used in different educational contexts depending on specific

circumstances and needs.
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METHODOLOGY
2.1 Research Design

A sole research paradigm would not suffice in this case. The research questions
which guide this research are varied; while some of the questions need quantifiable
proof of any cognitive change, others depend upon an explanation of the experience of
the students involved. This is where the rationale behind choosing mixed methods
comes into play. Gamification cannot be tested only by looking at the scores obtained,
neither can it be analyzed through mere qualitative analysis. Using mixed methods will
help explore both dimensions simultaneously, leading to data collection through each
dimension independently followed by integration in the next step.

Furthermore, this finding is reinforced by the nature of the academic discipline.
Based on the results of the literature review, most of the previous studies that examined
the phenomenon of gamification in teaching chemistry were done using a mixed-
method approach. This finding conforms to the fact that the academic field has already
addressed this methodology problem and found its proper conclusion.

The quantitative section uses a pre-test/post-test approach based on the tool
designed by Chavez Suarez et al. (2024). The decision to use this tool was deliberate
in that it was explicitly designed to measure knowledge learning in the field of
chemistry while concurrently assessing higher order cognitive functions such as critical
thinking and problem solving, and not viewing these aspects as separate entities. This
tool has proven to be reliable and valid in previous studies, thus alleviating any
uncertainty regarding the methodology of this study.

The instrument designed by Chéavez Suarez et al. (2024) is different from a
standard chemistry test in the sense that it does not resemble what a typical student
would consider to be an assessment in chemistry. While a test may rely heavily on the
recollection of information that students have previously learned, the new instrument
encourages the learners to engage in activities that require more effort. For instance,
students will be presented with real-life situations that involve analysis, evaluation, and

synthesis of knowledge gained throughout their educational careers. Problem solving
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plays a key role in the instrument's structure; it ensures that the instrument can move
beyond declarative knowledge into procedural and strategic knowledge—the ability to
apply knowledge in practice and respond in a time of need.

Two points in time were considered for the test: once before the game-based
intervention started, when the level of knowledge and cognitive skills could be
measured as a base value, and after it, to measure any differences. As the same
technique is used both in the pre-test and post-test situations, the values are directly
comparable. What is more important, no reliance was placed on students' subjective
feelings on whether they learned anything or not.

Qualitative research, in turn, has its own logic of knowing. Specifically,
qualitative interviews based on Hursen's (2019) template have been used to shed light
on some of the aspects of the students' experience, namely, affective, motivational, and
personal changes. While the former aims at finding evidence of cognitive changes
through the use of test scores, the latter is interested in exploring the nature of cognitive
change and the causes underlying it. Hursen's original questions, intended for gaining
insight into the students' opinions about gamification in education, have been modified
in accordance with the specifics of this study focused on high school chemistry. Thus,
questions are adapted to the reality of the participants' experience of gamified
chemistry class. As far as the method of semi-structured interview was chosen, its
advantage lies in ensuring consistency of the questioning procedure while at the same
time giving an opportunity for pursuing unexpected leads.

The interviews were conducted with a group of selected students following the
implementation of the program. All the interviews were conducted in an encouraging
environment. They were all taped for later transcription.

Semi-structured interview choice is based on the methodology proposed by
Sahito (2024). According to Sahito, semi-structured interviews are particularly useful
in educational research settings seeking to uncover complicated cognitive and affective
processes. During the investigation into the gamification experience in STEM classes,

it was found that semi-structured interviews provide an adequate balance between
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structuring and flexibility of interviewing process. That way, consistency of answers is
ensured along with room for further probing and discussion on the basis of individual

reactions.
2.2 Sampling

There was only one principle driving the sampling process: if the influence of
gamification is considered as a fact, it should be visible throughout education facilities
that vary in characteristics that are most crucial for the research, such as
resourcefulness, culture, previous academic achievements, and nature of the
establishment itself. Therefore, for the purpose of this paper, three types of schools
have been chosen: public gymnasium, lyceum, and private school. These are three
different types of educational establishments providing their own unique understanding
of gamification, which would otherwise be unattainable with the use of single-site
approach. As a preliminary step before the experiment, a pilot study was conducted at
a nearby private school. All of the necessary agreements with the administration of the
relevant educational facilities were made after that.

In each educational institution, the pupils were divided into two subgroups,
namely, control subgroup and experimental subgroup. In the control subgroup, pupils
followed traditional teaching procedures, whereas in the experimental one, they used a
gamification treatment. The sizes of both subgroups in each institution were the same,
which had its methodological consequences. The total number of students was equal to
92 people, of whom there were 28 pupils in the public gymnasium, 14 in each group,
24 pupils in the lyceum, 12 in each group, and 40 pupils in the private school, 20 in
each group.

Three educational organizations have been chosen owing to the distinctive nature
of each institution, giving rise to the analytical relevance. In the case of the state-owned
gymnasium, the institution operates under the normal conditions associated with state
education. Conversely, the lyceum exists in another normative space. This institution
tends to be selective in its academic admissions policy. Students attending the lyceum

have high academic performance levels; thus, gamification will not be measured by

23



disengagement, but against the background of an already present tradition of academic
rigor. Finally, the private institution is unique due to its higher economic potential and
greater room for pedagogic innovation.

2.3 Data Collection

The test was given to both the control and experiment group students in three
schools, before and after the program. The number of questions on the test was six in
each section, which comprised equally critical thinking and problem solving. The
marking scheme emphasized the cognitive difficulty level. Critical thinking questions
were marked from five to 10 marks, apart from a 15-mark question; while problem
solving questions were from 10 to 15 marks. It was done to ensure that the instrument
rewarded not mere recall but the application of chemistry concepts to unfamiliar
situations (Chavez Suarez et al., 2024). Pre- and post-tests questions are shown in the
Appendix 1 section p. 71.

Because curricula diverged across schools, the testing instrument could not be
standardized, it had to be rebuilt. Fourteen pre-test and fourteen post-test questions
were constructed fresh for each school, yielding 28 questions in total. It was decided
to use 4 gamified chemistry lessons between pre- and post-tests to check change in
critical thinking and problem-solving skills. Intervention of gamification for each
school took from 2 weeks to 1 month based on the numbers of chemistry lessons in per
week. In the private school and public gymnasium, meeting twice weekly, completed
full cycle in two weeks; the lyceum, meeting once weekly, required a full month. 10
grade students at the lyceum and private school, 11 grade students at the gymnasium
classes were chosen to do given study. Participants for groups were not chosen
randomly, because there was no opportunity to randomly divide students.

The first two games ran on digital platforms fully, specifically Worldwall,
Wordize and Baamboozle. Given games worked together for immediate scoring
feedback, animations, and competitive mechanics kept the task legible to students
without reducing it to entertainment. In the first game called ‘Bingo!” Wordize and

Worldwall platforms were used, in the game itself there were answers to questions
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given. In the second game called ‘Baamboozle’, were open questions based on the
themes. The third and fourth games inverted the dynamic entirely, because students
built the materials themselves, constructing molecular models, designing posters
around the given theme and writing problem-solving scenarios in quest to find key. All
the problems in the named games used Canva to provide game conditions as a
presentation. Named games were combined as hand-made games, that produces
changes that virtual games cannot. Games made students negotiate objects, revise and
defend them in front of others. In caused the change in the direction of cognitive labor
of chemistry lessons, because level of games changed from easier to harder levels to
foster critical thinking and problem-solving skills. All the games used during study
were combined as a Manual, QR code to it shown in the Appendix 2 section p. 80.
Manual itself contains all 16 games, including the ones used in the pilot study, for
different chemistry subject themes for 10-11 grade students, it combines to 4 types of
games.

All games were collected through the leaderboard system. The leaderboard
system was not a fifth game, it acted as a spine that connected the other four. Points
earned in all the activities were tallied for the whole group, whose overall score would
determine its ranking. There were prizes to be won depending on the ranking, making
each round significant. The nature of this point tallying process ensured that efforts had
to be sustained because a bad showing in one round could not be compensated for by
lack of effort in another round. More importantly, it created a conflict between
competitiveness and cooperation.

The results of the quantitative research show what achievements students made,
whereas the interviews were conducted to understand the reasons behind such results.
In other words, semi-structured interview questions were formulated taking into
account chemistry education and related issues about the effect of gamification on
students’ critical thinking and problem-solving readiness, ways of their teamwork, etc.

In all, sixteen students participated in the interviews after the intervention with

each experimental group being represented by equal numbers of respondents. Each
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school participants were chosen 1/3 of experimental group for semi-structured
interviews. For instance, a sampling frame with representation of diversity was used in
selecting the participants for interviews based on their academic performance, gender,
and engagement levels. In this regard, four respondents from lyceum, five from the
public gymnasium, and seven from the private school took part in semi-structured
interviews where eight questions were asked from each respondent.
2.3.1 Validity of Pre- and Post-tests, Semi-structured Interview Questions

This section gives information about the validity of pre- and post-tests as well as
semi-structured interview questions used in private school, lyceums, and public
gymnasium. The validity of the instruments that are used to collect data was checked
independently from each other to provide trustworthy information separately. This
independent validation approach ensures that the integrity of each instrument is
assessed on its own merits, minimizing the risk of cross-instrument bias and

strengthening the overall credibility of the data collection process.

Table 2.3.1.1. Validity of the Pre-test questions

Test Statistics

N 4
Kendall's W? ,812
Chi-Square 42,214
df 13
Asymp. Sig. <,001

a. Kendall's Coefficient of Concordance

Validity of the pre-test in Table 2.3.1.1 was evaluated using Kendall’s W
(Coefficient of Concordance) provided by SPSS software based on the ranking of 14
test items by four experts. According to this, it can be said that there is a high degree
of concordance among all experts (W = 0.812). This result demonstrates that the
experts consistently agreed on the relative importance and relevance of the test items,
thereby supporting the content validity of the instrument. Items ranks are shown in the

Appendix 3 section in p. 81. As shown in the table, Q5, Q8, Q13, Q14 have higher

26



mean ranks than Q2, Q3, Q6, Q9, Q10. Notably, all 14 items were retained following
the expert review, as the differential in mean ranks reflected gradations in perceived
centrality rather than any failure to meet the validity threshold, confirming that the
instrument provides comprehensive coverage of the targeted learning outcomes.
Overall, the findings indicate that the pre-test possesses strong validity, making it
suitable for use in given research. This level of expert agreement further strengthens
the trustworthiness of subsequent findings drawn from pre-test results across all three

school sites.

Table 2.3.1.2. Validity of the Post-test Questions

Test Statistics

N 4
Kendall's W? ,802
Chi-Square 41,715
df 13
Asymp. Sig. <,001

a. Kendall's Coefficient of Concordance

The validity of post-test in Table 2.3.1.2 was evaluated using Kendall’s
Coefficient of Concordance (W) from the SPSS software based on expert rankings of
14 items. Results demonstrated a high level of consensus among the four experts (W =
0.802), which was statistically significant. This indicates that experts consistently
agreed on the relative importance and relevance of the test, thereby supporting the
content validity of the instrument. Items ranks are shown in the Appendix 3 section in
p. 81. As shown in the table, Q1, Q3, Q4, Q6, Q10, Q14 have higher mean ranks than
Q2, Q5, Q9, Q13. Notably, all 14 items were retained following the expert review, as
the differential in mean ranks reflected gradations in perceived centrality rather than
any failure to meet the validity threshold, confirming that the instrument provides
comprehensive coverage of the targeted learning outcomes. Overall, the findings

indicate that the post-test possesses strong validity, making it suitable for application
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in the study. This level of expert agreement further strengthens the trustworthiness of

subsequent findings drawn from post-test results across all three school sites.

Table 2.3.1.3. Validity of Semi-structured Interview Questions

Test Statistics

N 4
Kendall's W? ,841
Chi-Square 23,545
df 7
Asymp. Sig. ,001

a. Kendall's Coefficient of Concordance

Validity of semi-structured interview questions in Table 2.3.1.3 was established
using Kendall’s Coefficient of Concordance (W) as measured using SPSS based on
ranking of eight questions by four experts. It has been found that there is an extremely
high degree of agreement between the four experts concerning the importance and
relevance of the interview questions since W equals 0.841. This indicates that the
experts have similar views about the relevance of the items. The ranking of the items
1s shown in Appendix 3 section in p. 81. From the data presented in the table, it can be
observed that Q1, Q3, Q5, Q6, Q7, and Q8 have relatively higher mean ranks compared
to Q2. Notably, all 8 items were retained following the expert review, as the differential
in mean ranks reflected gradations in perceived centrality rather than any failure to
meet the validity threshold, confirming that the instrument provides comprehensive
coverage of the targeted learning outcomes. This shows that the semi-structured
interview questions have extremely high validity. This level of expert agreement
further strengthens the trustworthiness of subsequent findings drawn from semi-
structured interview results across all three school sites.

2.3.2 Reliability of Pre- and Post-tests Results

Internal consistency reliability for both the pre-test and post-test was assessed

using McDonald's omega coefficient, computed in Jamovi, with a threshold of @ >0.70

adopted as the minimum acceptable level of reliability in accordance with widely cited

28



conventions in educational measurement research. The reliability of the combined pre-
and post-test instrument was examined across three school contexts - a private school,
a lyceum, and a public gymnasium. These reliability estimates complement the content
validity evidence reported in the preceding section, collectively establishing that the
instruments were both theoretically grounded and internally consistent prior to
administration across all three school sites. The omega coefficients obtained across all
three school contexts confirm that the instruments demonstrated adequate internal
consistency, supporting their suitability for generating dependable data from which

valid comparisons and conclusions may be drawn.

Table 2.3.2.1. Reliability of Private school’s Pre- and Post-tests Results
Mean SD McDonald's ®

scale 10.8 7.05 0.713

Internal consistency of the measures of pre- and post-tests at the private school
has been tested with McDonald’s omega (®) in Table 2.3.2.1. This test statistic was
computed through Jamovi. In this respect, the outcome revealed ® = 0.713. The result
exceeded the standard minimum level of 0.70; hence, one can state the acceptable level
of internal consistency of the measures. Additionally, the mean value of 10.8 with SD
= 7.05 denotes acceptable variability in the answers provided by the learners. Overall,

it may be said that the tests have been reliably used.

Table 2.3.2.2. Reliability of Lyceum's Pre- and Post-tests Results
Mean SD McDonald's ®

scale 19.0 7.28 0.760

The reliability of pre- and post-test scores at the lyceum has been estimated using
McDonald's ® with Jamovi software, data shows @ = 0.760. This Table 2.3.2.2 implies
that there is high internal consistency among the items of the tool. Also, the average
score of 19.0 (SD = 7.28) reflects that the students' scores exhibit sufficient variance,

hence demonstrating the discriminative nature of the test. Taken together, all the
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information proves the reliability of the tests used in this study for lyceum’s sample,
also its results will be reliable enough to be interpretated to answer research questions

using infromation from it.

Table 2.3.2.3. Reliability of Public gymnasium s Pre- and Post-tests Results
Mean SD McDonald's ®

scale 23.0 4.05 0.718

Reliability of the pre-and-post test scores in public gymnasium is shown at the
Table 2.3.2.3, it has been measured through McDonald’s ® in Jamovi and found to be
at the level of @ = 0.718. The measure is above the accepted standard of w > 0.70.
Thus, the internal consistency reliability of the test is satisfactory. Moreover, an
average of 23.0 (with SD = 4.05) reveals good performance levels with little variation
in response patterns. These findings confirm that the pre- and post-test measures are

reliable for evaluating the targeted skills within the lyceum sample.

2.4 Data Analysis

Prior to conducting the main statistical analyses, the assumptions of normality
and homogeneity of variance were examined for post-test scores across all three school
types - private school, lyceum, and public gymnasium - for both critical thinking and
problem-solving skills. Normality was assessed using the Shapiro-Wilk test, which is
considered the most appropriate test for normality in studies with relatively small
sample sizes, as it demonstrates greater statistical power compared to other normality
tests. Homogeneity of variance was evaluated using Levene's test, which examines
whether the variances of the compared groups are statistically equal. The assumption
checks were conducted separately for each school type and for each skill domain to
ensure precision and accuracy in the selection of subsequent statistical procedures. The
results indicated that the assumption of normality was violated in several groups across
the three school settings, with some distributions departing significantly from
normality as evidenced by statistically significant Shapiro-Wilk values (p < 0.05).
Similarly, the assumption of homogeneity of variance was not consistently met across
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all comparison groups. These findings collectively suggested that the conditions
required for parametric testing were not sufficiently satisfied, necessitating the use of
a non-parametric alternative for the subsequent comparative analyses between the

experimental and control groups.

2.4.1 Analysis of Critical thinking skill

The assumptions of normality and homogeneity of variances were examined
prior to selecting the appropriate statistical test in the Jamovi software. The Shapiro-
Wilk test for normality and Levene’s test for homogeneity of variance were conducted
across all four groups - the private school, lyceum, public gymnasium, and the
combined sample named all schools. In all cases, the resulting p-values fell below the
0.05 significance threshold, indicating that data did not meet the parametric
assumptions of normal distribution and equal variances. Given the data across all
groups was determined to be non-parametric in nature, the Mann-Whitney U Test was
selected as the most appropriate analytical approach for examining differences between
critical thinking and problem-solving skills between the groups. Tables themselves are
shown in the Appendix 4 section p. 82.
2.4.2 Analysis of Problem-solving skill

The assumptions of normality and homogeneity of variances were similarly
examined before determining the appropriate statistical test for problem-solving skills
in the Jamovi software. Shapiro-Wil and Levene’s tests were applied across the private
school, lyceum, public gymnasium, and the overall combined sample with the name all
schools. The p-values obtained for all four groups were below the 0.05 significance
level, indicating a violation of the normality and homogeneity assumptions required
for parametric testing. As the data across all groups demonstrated non-parametric
characteristics, the Mann-Whitney U Test was consequently chosen as the most
suitable method for analyzing differences in problem-solving skills between the

groups. Tables were placed in the Appendix 5 section p. 84.
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2.4.3 Thematic Analysis of Semi-structured Interview

The analysis employed Braun and Clarke’s six-step process. Initially,
familiarization was carried out through several readings of the entire dataset, consisting
of all 16 interview transcripts, after which initial codes were generated using key words
and themes that emerged from each answer. These codes were then grouped together
to form potential themes within the data set and examined in the light of both the coded
data and the entire data set. Each theme was then identified and labeled, thus providing
the current analysis (Ahmed et al., 2025). In order to preserve the order in which the
questions were asked in the interview, coding was done per question and not for the
entire interview; each answer was coded individually before grouping them together.
The participants’ numbers (P1-P16) have been kept throughout to maintain
transparency. “Prevalence figures” refer to the percentage of participants whose
answers were coded within a particular theme. These should not be seen as statistics
but merely as an indication. The questions asked and their corresponding answers from

the interviews are provided in Appendix 6 section, in p. 86.
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RESULTS

This section shows results collected from post-tests for ach school and semi-
structured interview. Results presented below are based on the the Mann-Whitney U
Test, while the second table for each school reflects descriptive statistics derived from
post-test scores, used to illustrate the differences between the control and experimental
groups. Qualitative findings drawn from semi-structured interviews are integrated
alongside the quantitative results to provide a comprehensive account of the observed

outcomes.
3.1 Result of Critical thinking skill (RQ1)

Given subsection answers to the Research Question 1 and shows results of the
critical thinking skill level differences between control and experimental group in
private school, lyceum, public gymnasium and across all school’s combined sample.
All informations used to draw conclusioncbased on improvement in critical thinking
scores between the experimental and control groups.

3.1.1 Results of Critical thinking skill in Private school’s sample

Table 3.1.1.1. Group Descriptives. Critical thinking skill
Group N Mean Median SD SE

Post-test.CT C 20 23.5 25.0 6.90 1.54
E 20 29.0 30.0 2.05 0.459

For the private school sample, descriptive statistics from the Jamovi software in
Table 3.1.1.1 were calculated to compare the control and experimental groups on post-
test critical thinking skill scores. The control group (n = 20) obtained a mean score of
23.5 (SD = 6.90), with a median of 25.0. The experimental group (n = 20) achieved a
higher mean score 0f 29.0 (SD = 2.05), with a median of 30.0. The notably higher mean
and median scores of the experimental group, combined with the smaller standard
deviation, suggest not only superior performance but also greater consistency among

students who received the gamified intervention.
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Table 3.1.1.2. Mann Whitney U Test. Critical thinking skill

Statistic p Mean difference
Pre-test.CT Mann-Whitney U 90.0 0.002 -5.00
Post-test. CT Mann-Whitney U 84.0 <.001 -5.00

For the private school sample, a Mann-Whitney U Test analysis was conducted
to determine whether there were mean differences in pre- and post-tests critical
thinking skill scores between the control and experimental groups in the Jamovi
software. In Table 3.1.1.2 in the private school sample, the experimental group
consistently outperformed the control group in critical thinking by approximately 5
points. At pre-test, this difference was already statistically significant (U = 90.0, p =
0.002). At post-test, the same mean difference persisted (—5.00), but with stronger
statistical evidence (U = 84.0, p <0.001). These results suggest that while gamification
reinforced the experimental group’s advantage, the observed effect must be interpreted

cautiously given the baseline imbalance.

3.1.2 Results of Critical thinking skill in Lyceum’s sample

Table 3.1.2.1. Group Descriptives. Critical thinking skill
Group N Mean Median SD SE

Post-test.CT E 12 24.6 25.0 6.56 1.89
C 12 15.4 20.0 10.5 3.04

For the lyceum sample, descriptive statistics from the Jamovi software in Table
3.1.2.1 were calculated to compare the experimental and control groups on post-test
critical thinking skill performance. The experimental group (n = 12) obtained a mean
score of 24.6 (SD = 6.56), with a median of 25.0. In contrast, the control group (n =
12) achieved a lower mean score of 15.4 (SD = 10.5), with a median of 20.0 from the
post-test. The notably higher mean and median scores of the experimental group,
combined with the smaller standard deviation, suggest not only superior performance

but also greater consistency among students who received the gamified intervention.
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Table 3.1.2.2. Mann-Whitney U Test. Critical thinking skill

Statistic p Mean difference

Pre-testCT Mann-Whitney U 57.5 0.393  -1.51
Post-test.CT Mann-Whitney U 32.0 0.019  -5.00

To determine whether the intervention produced differences in pre- and post-tests
critical thinking skill scores between the experimental and control groups in the
lyceum, a Mann-Whtiney U Teat was conducted. The analysis from the Jamovi
software shown in Table 3.1.2.2. In the lyceum sample, the control and experimental
groups did not differ at pre-test (U = 57.5, p = 0.393), with a mean difference close to
zero. At post-test, however, the experimental group scored significantly higher than the
control group (U = 32.0, p = 0.019), with a mean difference of —5.00. This shift from
equivalence to significant divergence suggests that gamification strategies effectively
enhanced students’ critical thinking skills compared to traditional instruction. The pre-
test equivalence between groups strengthens the internal validity of these findings, as
any observed post-test differences can be more confidently attributed to the
intervention rather than pre-existing ability differences.

3.1.3 Results of Critical thinking skill in Public gymnasium’s sample

Table 3.1.3.1. Group Descriptives. Critical thinking skill
Group N Mean Median SD SE

Post-test.CT E 14 28.2 30.0 2.49 0.664
C 14 23.2 22.5 4.64 1.24

For the gymnasium sample, descriptive statistics from the Jamovi software in
Table 3.1.3.1 were calculated to compare the experimental and control groups on post-
test critical thinking skill performance. The experimental group (n = 14) obtained a
mean score of 28.2 (SD = 2.49), with a median of 30.0. In contrast, the control group
(n = 14) achieved a lower mean score of 23.2 (SD = 4.64), with a median of 22.5. The

notably higher mean and median scores of the experimental group, combined with the
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smaller standard deviation, suggest not only superior performance but also greater

consistency among students who received the gamified intervention.

Table 3.1.3.2. Mann-Whitney U Test. Critical thinking skill

Statistic p Mean difference
Pre-test.CT  Mann-Whitney U 86.0 0.588 1.79
Post-test.CT Mann-Whitney U 38.5 0.004  -5.00

From looking at violations on normality and homogeneity, the Mann-Whitney U
Test was employed as a non-parametric alternative in the Jamovi software. To get better
results and analysis for critical thinking skill, mean differences of pre- and post-tests
scores of Public gymnasium’s sample was compared in Table 3.1.3.2. In this sample,
the control and experimental groups did not differ at pre-test (U = 86.0, p = 0.588),
with a mean difference close to zero. At post-test, however, the experimental group
scored significantly higher than the control group (U = 38.5, p = 0.004), with a mean
difference of —5.00. This shift from close to zero point to -5.00 suggests that
gamification strategies effectively enhanced students’ critical thinking skill compared
to traditional instruction, providing strong evidence of the intervention’s impact since
the groups were initially balanced. The pre-test equivalence between groups
strengthens the internal validity of these findings, as any observed post-test differences
can be more confidently attributed to the intervention rather than pre-existing ability

differences.

3.1.4 Results of Critical thinking skill in All school’s sample

Table 3.1.4.1. Group Descriptives. Critical thinking skill
Group N Mean Median SD SE

Post-test.CT E 46 27.6 30.0 4.18 0.617
C 46 21.3 22.5 8.13 1.20

In group descriptives from the Jamovi software in Table 3.1.4.1 by critical
thinking skill from results combined across all schools. As shown from the table, the
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experimental group (n = 46) obtained a mean score of 27.6 (SD = 4.18), with a median
of 30.0. In contrast, the control group participants results across all schools (n = 46)
achieved a lower mean score than experimental group, showing 21.3 (SD = 8.13), with
a median of 22.5. The notably higher mean and median scores of the experimental
group, combined with the smaller standard deviation, suggest not only superior
performance but also greater consistency among students who received the gamified

intervention.

Table 3.1.4.2. Mann-Whitney U Test. Critical thinking skill

Statistic p Mean difference
Pre-test.CT Mann-Whitney U 917 0.263 -1.73
Post-test. CT  Mann-Whitney U 475 <.001 -5.00

To evaluate differences in pre- and post-tests critical thinking skill scores
between the experimental and control groups across all schools, the Mann-Whitney U
Test analysis was conducted in Jamovi software. To get better results and analysis for
critical thinking skill, mean differnces of pre- and post-tests scores of All school’s
sample was compared in Table 3.1.4.2. In this sample, the control and experimental
groups did not differ at pre-test (U =917, p = 0.263), with a mean difference close to
zero. At post-test, however, the experimental group scored significantly higher than the
control group (U =475,p < 0.001), with a mean difference of —5.00. This shift from
close to zero to -5.00 suggests that gamification strategies effectively enhanced
students’ critical thinking skill compared to traditional instruction, providing strong

evidence of the intervention’s impact since the groups were initially balanced.

3.2 Results of Problem-solving skill (RQ2)
Given subsection answers to the Research Question 2 and shows results of the
problem-solving skill level differences between control and experimental group in

private school, lyceum, public gymnasium and across all school’s combined sample.
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3.2.1 Results of Problem-solving skill in Private school’s sample

Table 3.2.1.1. Group Descriptives. Problem-solving skill
Group N Mean Median SD SE

Post-test. PS  C 20 17.5 22.0 11.5 2.58
E 20 37.5 35.0 7.16 1.60

For the private school sample, descriptive statistics from the Jamovi software in
Table 3.2.1.1 were calculated to compare the control and experimental groups on post-
test problem-solving skill performance. The control group (n = 20) obtained a mean
score of 17.5 (SD = 11.5), with a median of 22.0. In contrast, the experimental group
(n = 20) achieved a higher mean score of 37.5 (SD = 11.5), with a median of 35.0. The
notably higher mean and median scores of the experimental group, combined with the
smaller standard deviation, suggest not only superior performance but also greater

consistency among students who received the gamified intervention.

Table 3.2.1.2. Mann-Whitney U Test. Problem-solving skill
Statistic p Mean difference

Pre-test. PS ~ Mann-Whitney U 142.0 0.105 -5.00
Post-test. PS  Mann-Whitney U 17.5 <.001 -20.00

To assess differences in pre- and post-tests problem-solving skill scores between
the control and experimental groups, a Mann-Whitney U Test was conducted. To get
better results and analysis for problem-solving skill for Private school’s sample, mean
differences of pre- and post-tests scores was compared in Table 3.2.1.2. In this sample,
the control and experimental groups did not differ significantly at pre-test (U = 142.0,
p = .105), with a mean difference of —5.00. At post-test, however, the experimental
group scored significantly higher than the control group (U =17.5, p <.001), with a
mean difference of —20.00. This shift from -5.00 to -20.00 suggests that gamification
strategies effectively enhanced students’ problem-solving skill compared to traditional

instruction.
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3.2.2 Results of Problem-solving skill in Lyceum’s sample

Table 3.2.2.1. Group Descriptives. Problem-solving skill
Group N Mean Median SD SE

Post-test. PS E 12 40.8 45.0 5.15 1.49
C 12 30.0 30.0 4.26 1.23

For the lyceum sample, descriptive statistics from the Jamovi software, in Table
3.2.2.1 were calculated to compare the experimental and control groups on post-test
problem-solving skill performance. The experimental group (n = 12) obtained a mean
score of 40.8 (SD = 5.15), with a median of 45.0. In contrast, the control group (n =
12) achieved a lower mean score of 30.0 (SD = 4.26), with a median of 30.0. The
notably higher mean and median scores of the experimental group, combined with the
smaller standard deviation, suggest not only superior performance but also greater

consistency among students who received the gamified intervention.

Table 3.2.2.2. Mann-Whitney U Test. Problem-solving skill
Statistic p Mean difference

Pre-test. PS  Mann-Whitney U 72.00 1.000 0.0
Post-test. PS  Mann-Whitney U 7.50 <.001  -10.0

Both assumptions, the normality and homogeneity were not met, the Mann-
Whitney U Test was applied as a non-parametric alternative to the analysis in Jamovi
software. To get better results and analysis for problem-solving skill, mean diffferences
of pre- and post-tests scores of Lyceum’s sample was compared in Table 3.2.2.2. In
this sample, the control and experimental groups did not differ at pre-test (U =72.0, p
= 1.000), with a mean difference of 0.0, confirming baseline equivalence. At post-test,
however, the experimental group scored significantly higher than the control group (U
=7.5,p <.001), with a mean difference of —10.0. This shift from 0.0 to -10.00 suggests
that gamification strategies effectively enhanced students’ problem-solving skill

compared to traditional instruction, providing strong evidence of the intervention’s
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impact since the groups were initially balanced. The pre-test equivalence between
groups strengthens the internal validity of these findings, as any observed post-test
differences can be more confidently attributed to the intervention rather than pre-

existing ability differences.

3.2.3 Results of Problem-solving skill in Public gymnasium’s sample

Table 3.2.3.1. Group Descriptives. Problem-solving skill
Group N Mean Median SD SE

Post-test. PS E 14 40.7 45.0 5.14 1.37
C 14 33.6 35.0 4.13 1.10

The experimental group (n = 14) in post-test looking at problem-solving skills
from the Jamovi software, in descriptives in Table 3.2.3.2 obtained a mean score of
40.7 (SD=5.14), with amedian 0f 45.0. In contrast, the control group (n = 14) achieved
a lower mean score of 33.6 (SD =4.13), with a median of 35.0 than experimental group.
Table 3.2.3.1 showed differences between scores of control and experimental groups
in public gymnasium. The gap of approximately 7 points between the mean scores of
the two groups, alongside the higher median of the experimental group, reflects a
meaningful difference in problem-solving skill performance attributable to the
gamified intervention delivered in the public gymnasium setting. Additionally, the
slightly larger standard deviation in the experimental group (SD = 5.14) compared to
the control group (SD =4.13) suggests that while the intervention consistently elevated
performance, individual responses to the gamified activities varied to a modest degree

among students.

Table 3.2.3.2. Mann-Whitney U Test. Problem-solving skill
Statistic p Mean difference

Pre-test. PS  Mann-Whitney U 91.5 0.767  3.83
Post-test. PS  Mann-Whitney U 31.0 <.001  -10.00
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Both assumptions of normality and homogeneity were not met, the Mann-
Whitney U Test was applied as a non-parametric alternative in Jamovi software. To get
better results and analysis of problem-solving skill for Public gymnasium’s sample,
mean differences of pre- and post-tests scores was compared in Table 3.2.3.2. In this
sample, the control and experimental groups did not differ at pre-test (U =91.5, p =
.767), with a mean difference close to zero. At post-test, however, the experimental
group scored significantly higher than the control group (U = 31.0, p <.001), with a
mean difference of —10.00. This shift from equivalence to significant divergence
suggests that gamification strategies effectively enhanced students’ problem-solving
skills compared to traditional instruction. The pre-test equivalence between groups
strengthens the internal validity of these findings, as any observed post-test differences
can be more confidently attributed to the intervention rather than pre-existing ability

differences.

3.2.4 Results of Problem-solving skill in All school’s sample

Table 3.2.4.1. Group Descriptives. Problem-solving skill
Group N Mean Median SD SE

Post-test. PS E 46 39.3 40.0 6.20 0914
C 46 25.7 30.0 10.9 1.61

Across all schools, descriptive statistics from the Jamovi software, in Table
3.2.4.1 were calculated to compare the experimental and control groups on post-test
problem-solving skill performance. The experimental group (n = 46) obtained a mean
score of 39.3 (SD = 6.20), with a median of 40.0. In contrast, the control group (n =
46) achieved a lower mean score of 25.7 (SD = 10.9), with a median of 30.0.

Table 3.2.4.2. Mann-Whitney U Test. Problem-solving skill

Statistic p Mean difference
Pre-test. PS  Mann-Whitney U 904 0.219  -1.09
Post-test. PS  Mann-Whitney U 221 <.001  -15.0
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The table from the Jamovi software shows analysis of problem-solving skill
scores between all schools. Because both assumptions were not met, the Mann-
Whitney U Test was employed as a non-parametric alternative. To get better results and
analysis for All school’s sample, mean differences of pre- and post-tests scores was
compared in Tavle 3.2.4.2. In this sample, the control and experimental groups did not
differ at pre-test (U =904, p = .219), with a mean difference close to zero. At post-test,
however, the experimental group scored significantly higher than the control group (U
= 221, p < .001), with a mean difference of —15.0. This shift from equivalence to
significant divergence suggests that gamification strategies substantially enhanced

students’ problem-solving skills compared to traditional instruction.

3.3 Results of Thematic analysis of semi-structured interview (RQ3 &

RQ4)

Given subsection answers to the Research Question 3 & Research Question 4,
and provides information about thematic analysis collected from 16 participants during
semi-structured interviews in all schools. It helps to understand how gamification
affects students during chemistry education in high school without looking to students
achievements, gender, or school type, and giving diverse information.

Question 1. Enjoyment of the Chemistry Education Classes

The first question posed in the interview focused on the participants’ level of
enjoyment with regard to the chemistry education classes that were provided in a
gamified format. It turned out that each of the 16 participants in the sample had a clearly
positive attitude towards the classes mentioned above.

Two main themes stood out in the coded responses. First, there was the theme of
Universal affective acceptance, which refers to the simple affirmative responses that
were found throughout the whole sample. Some examples included statements like
"Yes" (P12, P8, P12), and "Yes, I am interested" (P11). Second, there was the theme of
Intrinsic enjoyment and emotional engagement, which referred to statements showing

a more profound level of engagement than merely being obedient. Examples include
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P1 saying the activity was enjoyable, while P16 mentioned liking team-oriented
assignments specifically.
Question 2. Class Activities Perception

This question required the respondents to analyze the class activities themselves,
evaluating the positives and negatives. The answers had a clear common trend
consisting of a group of positive views on the activities, along with some few neutral
or poorly explained views.

The main theme observed was Motivational engagement by novelty, with
contributions being made by 87% of the sample size (n = 14). In all the participant
contributions analyzed, the use of motivational and novel terms was common.
Participant P9 stressed that the activity was “new,” highlighting novelty as one of the
key motivators. Participant P8 expressed satisfaction with “games” and “enjoying
lessons,” whereas Participant P10’s response, which included “Yes, 1 do,” signified
that, for some participants, a good assessment required no explanation. PS5 mentioned
that the exercises were “motivating” to me,” thus emphasizing not the gamified
features themselves, which were just part of the learning experience, but rather the role
they played as factors that inspired me to learn actively.

In addition, there was one more minor theme that appeared from comments made
by two subjects (13%); they could be characterized as showing neutral attitudes.
Question 3. Participant Reflections Regarding the Course

In relation to participant reflections about the overall evaluation of the course,
two major themes emerged, showing the difference between deep affective
participation and shallow cognitive evaluation.

Gamification as a Means of Course Enhancement is the dominant theme which
was highlighted by thirteen participants (81%) in their answers. Participants viewed

" on:

the course as being "engaging," "interesting," or "enjoyable." Their responses act as
evaluative descriptors, which give more significance than merely an expression of
satisfaction because they indicate that gamification changed the nature of the course

experience. For instance, participant P6 says "I love it"; participant P5 finds the course
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"enjoyable"; while participant P13 associates the course with engagement because of
the chance it provides to connect socially with others. Thus, the repetition of relational
terms and expressions in this theme indicates that gamification is not just a teaching
approach but rather a means of restructuring the whole experience of the course
through student participation.

Theme 2 refers to the responses of three learners (19%) in regards to the neutral
or surface level portrayal, whereby these students portrayed the learning process
mainly in terms of functions or cognition, and referred to the process as "easy" (P7),
"specific," and "fast" (P11). Even though their perceptions were not negative towards
the process, these learners were unable to display any emotions regarding the process
similar to those exhibited by the majority.

Question 4. Previous Experience with Gamification

Question 4 sought to determine participants’ previous experience with
gamification, finding a significant split that would help define the role of the course in
introducing the idea.

Previous experience with gamification was stated by 11 respondents (69%). The
level of familiarity with gamification among students was very different from one
another: respondents like P1 ("Yeah, I knew more basics") and P13 ("Yeah, I knew
about it") have some theoretical knowledge while students like P4 ("I heard about it")
and P8 ("Yes") seem to have a general idea but no previous practical experience in
gamifying their education. This difference within the theme is important to mention
since some students never applied the method before taking part in the course.

Theme two, Gamification as a new term, showed up in five cases (31%), with
participants P10 (No), P11 (Not sure), and P3 (No) having little or no familiarity with
the term.

Question 5. Views about Applications of Gamification

The views that the participants had towards gamification in education appeared

generally positive, albeit tempered by certain realities. Gamification as Motivation and

Cognitive Stimulus Theme — 12 participants (75%) provided feedback on Gamification
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as a motivator and cognitive stimulator, which was seen as an intrinsically motivating
process, one which could enhance creativity and expand intellectual involvement.
According to participant P16, Gamification was a way of making the “mind flexible,”
which is a pertinent image which views Gamification as a source of cognitive
flexibility. Participant P9 saw it as a medium through which the artistically inclined
talent for chemistry was harnessed, thus showing that Gamification can serve as an
intermediary to bridge different disciplines and allow a skill set acquired in one area
be used in another.

Theme number two is that of Acknowledged practical limitations, which came
up in four responses (25%). According to participant P2, gamification can be difficult
to apply to themes. P8 expressed worries about the pressures of time management and
the possibility that competition within groups might put individuals at a disadvantage
if they cannot finish tasks according to deadlines.

Question 6. Self-perceived Strengths and Weaknesses

In Question 6, respondents were asked to comment on both the advantages and
disadvantages of gamification. The answers given to this question proved to be the
most complex analytically because, contrary to expectations, the two concepts are not
contradictory; rather, some respondents mentioned both types of advantages and
disadvantages in one answer, which explains why percentages do not add up to 100%.

The theme of Pedagogical and Relational Benefits of Gamification was noted in
13 answers (81%). Several advantages were stressed, such as motivation and
engagement (P1, P14), active participation (P3), creativity (P6, P10), healthy teacher-
student relationship (P4), and enhanced confidence (P12). One significant advantage
of gamification is its relational dimension; gamification thus occurs not only at an
individual cognitive level but also on a wider scale through interactions within the
classroom culture and society. The point made by P12 about the potential of
gamification “in terms of confidence and differentiation in lessons” shows this

potential for more inclusive classrooms.
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Secondly, implementation and feasibility issues were identified among responses
(7 cases or 44%). Most often, respondents mentioned the burden of preparation faced
by teachers: P16 expressed his doubts regarding teachers being able to prepare all of
them, while P8 was afraid that because of time pressure, not all groups would manage
to finish activities within the lesson period. Technical issues like devices’
malfunctioning and lack of reliable internet connection were brought to light by P10.
Finally, P13 presented a long-term issue, as he noted that once accustomed to game-
based learning methods, students may find it difficult to return to conventional
studying, which is a matter of serious concern for future curricula development.

Both strengths and weaknesses in single responses should be analyzed carefully.
Question 7. Emotional Reactions evoked through Gamification Techniques

Question 7 asked the respondents to describe their emotions experienced during
the gamification of learning chemistry. This question provided the most variation in
terms of the affective responses obtained from all interviews because the respondents
used an extensive vocabulary to describe their positive emotions.

Engagement with positive emotions was evident in 15 out of 16 cases (94%),
which stands as the most common single result among all of the observations. These
mentioned emotions include motivation (P1, P14), joy (P9), excitement (P10),
competitiveness (P5), and being ready (P11). Such a variety of positive results is worth
noting. The emotions evoked as a result of gamification are diverse and indicate a true
connection of people with various aspects of the gamification process. Particularly, it
should be highlighted that the case of envy expressed by P16 because of groups
reaching the first place is very important. The constructive role of competitive envy
within gamified settings merits further theoretical attention in the wider gamification
literature.

A single participant (P15) reported feeling ‘relaxation’, coded under the minority
theme Neutral of muted emotional response. While relaxation is not in itself a negative
outcome, its inclusion in this theme reflects the absence of the heightened affective

engagement that characterized the majority. It is plausible that this participant
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experienced the gamified format as low-stress and comfortable, an outcome of genuine
value for learners prone to academic anxiety, even if distinct from the motivational
arousal reported by peers.

Question 8. Types of Games Favored

The final qualitative question asked participants to name their preferred game
format from those used throughout the course. Analysis produced two complementary
themes that together shed light on the role of variety in sustaining engagement aross a
diverse learner group.

The theme differentiated format preferences reflects the spread of participant
choices. The Baamboozle game received five responses (31%) from the participants,
making it the highest choice among all options. Participant P14 pointed out that they
found “random boxes” attractive because the element of surprise and the aspect of
chance can sustain attention levels and prevent habituation which may otherwise result
in reduced interest level. Participant P7 said that “we won it,” suggesting that winning
1s partially affected by their own preferences retrospectively. Both Gamified Poster and
Gamified Quest received equal responses from four participants (25%) whereas Bingo!
was the choice of three respondents (19%). Participants like P15 who “like painting”
or P11 who valued “creativity and get extra points,” show the importance of diverse
game types for different learners.

The second theme, Appreciation of format diversity, is captured in the response
of P6, who declined to name a single preference, ‘I can not choose, I love all of them’.
Representing just 6% of the sample, this response is nonetheless analytically valuable.
It suggests that sustained exposure to a variety of game formats can produce a form of
holistic engagement in which the value of gamification comes to feel greater than the
sum of its individual parts.

Below shown combined version of Thematic analysis divide to 5 themes.

3.3.1 Affective Engagement was Near-universal and Multidimensional
The most consistent result in the entire semi-structured interview dataset was the

strength and breadth of participant’s positive emotional responses to gamified
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chemistry learning. All sixteen participants (100%) reported enjoying classes (Q1), and
fifteen (94%) described explicitly positive emotional experiences during gamified
activities, specifically motivation, joy, excitement, competitiveness, and a sense of
preparedness (Q7). These figures represent the highest and second-highest prevalence
rates recorded across any theme in the study. Critically, the emotional responses were
not uniform in character, participants drew on a rich and varied vocabulary, pointing
the likelihood that gamification engaged different learners through different emotional
pathways.
3.3.2 Gamification was Considered Beneficial, Stimulating and Intellectually
engaging

In Questions 2, 3, and 5, there is a recurring trend where a majority of
respondents (between 75% to 87%) indicate that gamification helps improve their
levels of motivation and increases their engagement in learning. Gamification was also
perceived as being able to promote cognitive flexibility, creativity, and
interdisciplinarity. This was demonstrated through P16, who realized that gamification
connects chemistry to games in a way he did not expect, as well as P9, who found that
artistic talents can be utilized in the classroom setting for sciences.
3.3.3 Constraints on Implementation were Recognized yet did not Lessen
Support

A coherent minority existed in terms of analyzing the issues at stake, taking up
25%-44% of the responses given to Questions 5 and 6, pointing out tangible challenges
in implementing gamification. Such limitations include the time and effort spent by the
teacher on designing the lesson, the inability to adapt the gaming model for all types
of lessons related to chemistry, the technical obstacles linked to lack of devices, poor
quality of connection, the costs associated with particular platforms, and the challenges
students might encounter while transitioning from gamified learning back to
conventional lessons. It should be noted that such an attitude was always expressed
next to the positive evaluation of gamification, which indicates that participants had no

doubts regarding gamification per se but held a balanced dual perspective that
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emphasized its pros over cons. This is best reflected in the responses to Question 6,
where 44% pointed out the challenges while 81% identified its advantages.
3.3.4 Participants had Limited and Diverse Prior Knowledge

Question 4 revealed that almost two-thirds of respondents (69%) had some
knowledge about gamification even before the start of the class, while one-third (31%)
considered gamification a totally new concept. There are two reasons why this
heterogeneity matters. First, it confirms that the broadly positive responses recorded
across the semi-structured interview were not simply products of prior enthusiasm or
self-reflection bias. It is shown in a substation minority arrived with no framework for
understanding gamification and still reported high levels of engagement and
enjoyment. Second, it suggests that the course successfully served a dual function with
deepening existing familiarity with gamification as a pedagogical tool for those who
already knew of it, while simultaneously introducing and legitimizing the concept for
those who did not.
3.3.5 Diversity in Game Types was Indispensable for Inclusiveness

The distribution of game format preferences recorded to the exclusion of others.
While Baamboozle was the most frequently preferred choice (31%), the Gamified
Poster (25%), Gamified Quest (25%), and Bingo! (19%) all attracted meaningful levels
of preferences, and one participant valued every format equally. This distribution
carries a clear design implication, the hursenness of the gamified course was a product
not of any individual game’s qualities in isolation, but of the cumulative and varied
exposure to multiple formats across the course as a whole. Different formats engaged
different learner’s profiles, competitive learner gravitated towards Baamboozle,
creative learners toward the Gamified Poster, and socially oriented learners toward the
Gamified Quest. Hence, diversity was not just an attribute of the course but a
prerequisite for it.

Results of the research have been divided into two streams. The first one consists
of the quantitative findings that were achieved through Mann-Whitney U-tests used for

comparison of post-test scores for the experimental and control groups at three different
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schools. The second stream is made up of qualitative findings gained using thematic
analysis of the semi-structured interviews conducted with 16 participants.

Quantitative findings in all three scenarios (private school, lyceum, and public
gymnasium), the experimental group outperformed their counterparts in terms of
critical thinking and problem solving, which was statistically confirmed every time.
When combined data of the three educational institutions were analyzed, it became
clear that the differences were highly significant (critical thinking U = 475, p <0.001;
problem solving U = 221, p <0.001), suggesting that the advantage was not limited to
any specific setting but represented a general tendency resulting from gamification.

A private school revealed a statistically significant difference between groups in
critical thinking (U = 84.0, p <0.001) and problem solving (U = 17.5, p <0.001). Not
only did the experimental group show better results compared to the control group, but
it was also more consistent since the experimental group showed lower values of the
standard deviation and standard error of the mean. As for the lyceum, the most obvious
effects were shown in problem-solving abilities (U = 32.0, p = 0.019); the same pattern
can be traced as for other schools, namely, the greater stability in results with high
central values. A public gymnasium provided statistically significant differences for
both problem-solving (U =31.0, p <0.001) and critical thinking (U = 38.5, p =0.004).
These results carry particular significance since they belong to a certain educational
institution rather than just an analysis of overall results.

Consistency appears consistently in all the three cases where, in each case, the
experimental group demonstrates a better mean and median level of the post-test scores
while, in most cases, achieving higher consistency in their scores. In particular, one can
note lower standard deviations in the experimental groups. Moreover, consistency is
even more pronounced when looking at an aggregated picture as the experimental
group achieves half the level of standard deviation on the level of critical thinking skill
(4.18 compared to 8.13). This means that, apart from better average results,
gamification allowed for achieving more consistency in learning performance.

However, there is only one partial exception to consistency in the experimental groups:
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the variability in the level of the problem-solving skill was slightly higher in an
aggregate one.

As far as the analysis of the semi-structured interviews is concerned, the main
conclusions of this type of analysis include five key points, all contributing to
explaining what the quantitative results represent and how exactly they were formed.
However, the most interesting discovery of the entire process was the near-total
positive affective involvement, which meant that all sixteen respondents felt that the
classes were entertaining while fifteen reported highly positive emotions, such as
excitement, motivation, competition, and fun, associated with gamified sessions.
Considering the variety of emotional states generated by gamification, it may be argued
that gamification worked through several different emotional channels.

In addition to the above affective perspective, an overwhelming majority of the
respondents, between 75% to 87%, believed that gamification is motivational,
intellectually challenging, and overall a positive aspect in developing critical thinking
and problem-solving skills. The learners described gamification as one that fosters
creativity and thinking beyond the boundaries of domains in ways that regular teaching
methods had not managed to accomplish. Gamification also stretched the boundaries
of learning as far as learners were concerned since several of them commented that
they had been stretched to think in different ways in a science class before.

Practical limitations were acknowledged by minority. Concerns centred
principally on the preparation demands on teachers, the difficulty of adapting game
formats to every chemistry topic, and technical, also financial barriers to
implementation. Crucially, these concerns were raised alongside positive evaluations
rather than in opposition to them, reflecting a considered and balanced appraisal of
gamification’s real-world conditions rather than outright criticism. The heterogeneity
of participant’s prior familiarity with gamification shows that students positive
outcomes to gamification does not come from pre-existing knowledge about it. And
those who were not familiar with it reported high levels of engagement and enjoyment.

Finally, the distribution of game format preferences across Baamboozle, Gamified
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Poster, Gamified Quest and Bingo! underscored that no single format was responsible
for the course’s success, because variety in game design was itself a structural condition
of inclusive engagement, with different formats drawing in different learner types.
Taken together, the quantitative and qualitative findings converge to support the
rejection of the null hypothesis. Statistically significant differences in post-test critical
thinking and problem-solving scores were observed between experimental and control
groups across all three school contexts. And in aggerated sample, with p-values
consistently below the 0.05 threshold, and in the majority of comparisons, below 0.001.
Qualitative findings supports quantitative findings, showing positive affect of
gamification to high school students. Accordingly, the alternative hypothesis, that
gamification significantly fosters critical thinking and problem-solving skills in high

school chemistry education is supported by the evidence.
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DISCUSSIONS

4.1 Gamification and Critical thinking skill in Chemistry Education in

High School

The quantitative findings of this study provide compelling evidence that
gamification can be leveraged effectively to foster critical thinking in high school
chemistry education. Across all three school settings a private school (U = 84.0, p <
0.001), a lyceum (U =32.0, p =0.019), and a public gymnasium (U = 38.5, p = 0.004)
experimental groups achieved significantly higher post-test critical thinking scores
than their control group counterparts, with the combined analysis confirming a highly
significant and generalizable effect (U = 475, p < 0.001). These results are consistent
with a body of evidence linking gamified instruction to the development of higher-
order cognitive competencies.

Yildirim et al. (2021) meta-analysis, which synthesized findings across multiple
studies, reported a significant positive effect of gamification on academic achievement,
lending broader statistical weight to the improvements absorbed here. More
specifically relevant to critical thinking, Angelilli et al. (2023) demonstrated that
carefully designed gamified activities can develop critical thinking skill by placing
learners in scenarios that demand interpretation, reasoning, and evaluate judgement.
Named processes that mirror the cognitive demands of the chemistry tasks used in the
present study. In like manner, Chavez Suarez et al. (2024) demonstrated that
gamification resulted in increased critical thinking skills among primary school
children, while this study applies the same concept among secondary school students
taking chemistry courses. Similar results were also observed by Ahmed et al. (2025),
who stated that gamification promotes analytical thinking via competition and problem
solving in online science education.

One such important outcome from the current study was the advantage provided
by the consistency condition, whereby both the mean scores and standard deviations
were lower in comparison to their counterparts, especially when it came to the overall

sample group (SD =4.18 compared to 8.13 for critical thinking skills). A meta-analysis
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carried out by Zeng et al. (2024) indicated the role played by gamification in enhancing
problem solving and critical thinking skills. The reduced variance observed here
suggests that gamification may produce more equitable learning outcomes, narrowing
the performance gap between stronger and weaker students. Ramazanov (2025)
similarly reported that gamification in high school computer science led to more
uniform skill development alongside engagement gains, suggesting that this equity
effect may be subject-independent.

Importantly, pre-test equivalence was confirmed in the lyceum (U = 63.0, p =
0.614) and public gymnasium (U = 86.0, p = 0.588) samples, strengthening the internal
validity of the post-test differences and allowing observed gains to be more confidently
attributed to the intervention. The private school sample, where a pre-existing group
difference was detected (U = 90.0, p = 0.002), necessitates a more cautious
interpretation, as the post-test advantage of the experimental group may partly reflect

baseline differences rather than the exclusive effect of gamification.

4.2 Gamification and Problem-solving skill in Chemistry Education in

High School

The problem-solving results were, if anything, more striking than those for
critical thinking. The lyceum produced the most powerful individual result across the
entire dataset (U = 7.50, p < .001), with a mean difference of —10.0 points emerging
from a position of complete baseline equivalence (U = 72.0, p = 1.000), rendering this
finding particularly compelling. The private school yielded the largest absolute post-
test mean difference in the study (—20.00), and the combined analysis confirmed a
highly significant overall advantage for the gamified intervention (U =221, p <.001),
with a mean difference of —15.0 across all schools. These findings align with Sahito
(2024) case study of STEM classrooms, which found that gamification strengthened
problem-solving by placing learners in structured yet open-ended challenge
environments that demanded strategy, iteration, and transfer. Abbassyakhrin et al.
(2024) further established that gamification, in interaction with student’s academic

ability, produced gains in both metacognition and problem-solving, suggesting that the
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game environment may activate self-regulatory processes that support deeper
analytical engagement with chemistry content.

A literature review of game-based approaches in chemistry education covering
the period 2019 to 2026 found that a range of higher-order thinking skills, were
positively affected by gamification. Among them were reflective thinking creative
thinking, computational thinking, design thinking, and problem-solving skills. Lutfi et
al. (2023) demonstrated that game-based chemistry instruction improved both,
motivation and retention of learning outcomes at the secondary level. It indicates that
the mechanisms producing problem-solving skill gains operate over both, short and
extended learning timescales. Temirbay (2025), working explicitly in the secondary
school chemistry context, reported that gamified approaches to teaching organic
compounds improved student’s conceptual grasp and analytical application of content.
It shows the cognitive demands that underpin successful problem-solving skill in
chemistry.

The slight exception to the consistency pattern where the experimental group
showed marginally grater variability in problem-solving at the private school and in
the combined sample is worth examining. This may reflect the inherently divergent
natures of problem-solving skills tasks during intervention, which elicit a wider range
of individual responses or ideas to solve them when students are given the creative
latitude that gamified environments typically provide. This interpretation is consistent
with da Salva Junior et al. (2025) design rationale for Gamification 2.0, in which the
elimination of traditional examinations in favor of gamified point accumulation
produced a wide distribution of student performance. In fact, just because problem-

solving activities in games involve different ways of solving problems.

4.3 Most Efficient Gamification elements for Development of Critical

thinking and Problem-solving skills in Chemistry Education

According to the findings from the interviews conducted, there was no dominant
preference for a particular game format among the participants. In detail, the games

were divided into four different formats, namely: Baamboozle, Gamified Poster,
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Gamified Quest, and Bingo!, representing 31%, 25%, 25%, and 19% support
respectively. The implication of this is of great importance both theoretically and
practically regarding the identification of the most powerful tools for building critical
thinking.

Indeed, the success of Baamboozle among competitive learners in the current
research is consistent with the already well-known fact about how leaderboards and
competitive rankings improve academic motivation. That being said, leaderboards
themselves do not automatically encourage thinking and solving problems; they need
to be combined with activities that require analytical and synthesizing work. It seems
that the Gamified Poster assignment, appreciated by one out of four respondents,
successfully did that by asking students to create and visually organize chemistry-
related materials. Such an assignment was noted by Nazneen (2024) as necessary for
encouraging critical thinking through gamification.

Gamification elements can be understood as operating at three levels: dynamics
(abstract elements such as emotions and narratives), mechanics (processes such as
competition and feedback), and components (visible elements such as points,
leaderboards, and badges). It means that effective gamification requires all three levels
to interact (Ortiz-Rojas et al., 2025). The most complex formats based on the current
study include the Gamified Poster and Gamified Quest format. The reason is that they
contain narrative components and social interactions, which are lacking in the simpler
quiz formats. It is plausible that learners have been cognitively engaged due to those
additional components. This assumption correlates with the model suggested by
Christopoulos (2023), where gamification in education relies on storytelling and
creative challenges to encourage cognitive activity based on Bloom's taxonomy.

This time, the conclusion cannot be drawn casually, as it directly contradicts the
hypothesis of the present study. As gamification does not induce an equal emotional
response among students, the diversity of games incorporated into the intervention
becomes more than just a desirable characteristic. In other words, if gamification

cannot ensure that all learner profiles get emotionally engaged in activities, the
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gamification process cannot resolve the issue of disengagement in the first place; on
the contrary, it merely shifts it from one group to another. In addition to learning
preferences, the cultural and sociological factors that play an essential role in
gamification outcomes are gender identity and gaming experience, especially when
talking about STEM subjects, which adds cultural connotations to these variables
(Ortiz-Rojas et al., 2025). All these considerations lead to the ultimate conclusion that
the effectiveness of gamification in a classroom environment does not lie in its presence
alone. Rather, it depends on the thoughtfulness of gamification design and its ability to
consider all intended recipient groups. Therefore, various learner profiles face game

formats appropriate for them.

4.4 Perceptions of Students regarding Gamification in Chemistry

Education at High School

The semi-structured interview used in this research generates very rich data. The
16 subjects all found the gamified classes to be enjoyable, while 15 expressed affective
responses characterized by motivation, excitement, competition, and happiness. This
1s consistent with, and even surpasses, other literature on the topic.

In an exploration that utilized a mixture of quantitative and qualitative research
approaches to examine the effects of gamification on students' academic success,
significant improvements in performance were recorded along with very positive
student perceptions about gamified classes. Student engagement and increased
enjoyment became key themes in the qualitative aspect of the study (Duterte, 2024).
Chans (2021) found similar results concerning motivation and engagement in
chemistry courses within higher education, in which gamification led to sustained
increases of motivation and engagement well after the novel phase of the experiment
had ended. Of crucial analytical importance is the fact that in the present study, 69% of
respondents were familiar with the concept of gamification, while 31% were not aware
of gamification at all before enrolling in the course. These positive responses recorded
during semi-structured interviews were not due to initial enthusiasm, but to the course

design itself.
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Based on the current research on the implementation of gamification in
mathematics learning, it can be concluded that the greater engagement observed due to
gamification involves both participation in activities and increased mental activity.
Nonetheless, attitudes toward competition, autonomy, and failure tend to differ
between various cultures or sub-groups, which makes it necessary to develop culturally
tailored gamification solutions in order to provide equal opportunities for all
participants (Ratinho et al., 2026). The design of the current study partially deals with
this problem. The repetition of positive attitudes in three different schools — private,
lyceum, and public gymnasium suggests that the effect of gamification is not dependent
on socio-economic and institutional background.

One especially important finding relates to the dual perspective adopted by
participants in terms of gamification. While 81% found the class interesting and
engaging, 44% admitted to practical restrictions at the same time. The research
literature shows that teachers experience certain problems in gamification due to lack
of time for preparation of activities, little knowledge about gamification and difficulties
related to organization of classroom space (Amjad et al., 2025). It can be concluded
that participants of this study were aware enough of such restrictions without affecting
their positive assessment of the course and that they demonstrate critical thinking skills
in general as a result of gamification.

Recent research cautions that poorly implemented gamification, particularly
when it places excessive emphasis on leaderboards, can demotivate certain learners
and produce stress rather than engagement. It suggests that gamification is not a
universal solution and that its success depends on context, content relevance, and
careful design (Fodale, 2025). The present study’s finding that no single format
dominated and that different formats engaged different learner profiles directly
addresses one risk. It was prevented by disturbing competitive, creative, social, and
knowledge-testing elements across distinct game formats. The intervention avoided
over-reliance on any single mechanic that the literature identifies as a design

vulnerability.
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Othman et al. (2024) described a gamified chemistry experience in which
immersion in thematic game scenarios elevated both motivation and conceptual
understanding, and Al-Ghawail (2022) documented similarly positive perceptions of
Kahoot!-based chemistry gamification. The present study extends these finding by
demonstrating that positive perceptions of this kind are robust across format types,
school contexts, and levels of prior familiarity with gamification, and that they co-
occur with statistically significant gains in the higher-order cognitive skills - critical

thinking and problem-solving skills for the chemistry education.
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CONCLUSION

This study set out to examine whether gamification could be effectively
leveraged to foster critical thinking and problem-solving skills in high school chemistry
education, and to understand how students perceive and experience gamified learning.
The evidence gathered across three distinct school settings: a private school, a lyceum,
and a public gymnasium, converges on a clear and affirmative answer to both
examining.

Results derived quantitatively display an absolute lack of confusion. All
experimental groups performed more effectively compared to their controls in the post-
test assessments of both critical thinking and problem-solving abilities. In addition, the
joint analysis reveals that this effect is not a consequence of the site-specific factors
but rather a result of the positive influence of the gamified program itself. Taking into
consideration that such effects occurred within three different high schools operating
under unique organizational and socioeconomic conditions, one may conclude that the
cognitive effects associated with gamification are universal enough to be achieved
under any circumstances, irrespective of the surrounding environment.

Overall, the pre-test results confirm that the experimental and control groups
were largely equivalent at baseline. At the lyceum, public gymnasium, and across the
combined all-schools sample, pre-test mean differences in both critical thinking and
problem-solving were negligibly small, indicating that the two groups began the study
at comparable levels. The only exception was the private school, where the
experimental group already held a statistically significant advantage in critical thinking
before the intervention began. For problem-solving, baseline scores were comparable
across groups at all three sites. These findings largely support the internal validity of
the study, as the post-test differences observed can, in most cases, be more confidently
attributed to the gamified intervention rather than pre-existing group differences.

These qualitative findings make it possible to answer those research questions
where quantifiable data falls short. It turns out that the effect achieved was almost

universally positive in terms of emotions experienced and involvement maintained
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throughout the process. Perhaps even more important is the fact that the level of
engagement went far beyond being simply enthusiastic. This becomes obvious when
taking into account varying degrees of prior knowledge of gamification among
respondents.

The participants recognized some constraints that exist. The pressure on the
teacher to prepare for class, the difficulty of changing the format of the game to suit
each new chemistry concept, and other obstacles associated with technical and
monetary constraints should not be overlooked. For gamification to fulfill its evident
promise, gamification needs more than just skilled teachers; it also needs the
administrative backing of the school.

Taken all together, the results found from this experiment prove that the
conscious incorporation of gamification in chemistry lessons at high school level is
justified, according to the Manual outlined in Appendix 2 in p. 80. If carefully planned
in such a way as to include diversity and instructional intent among other aspects,
gamification can provide students with many advantages aside from simply enjoying
learning about chemistry.

Hence, the null hypothesis should be rejected while supporting the alternative
one. Gamification significantly fosters critical thinking and problem-solving skills in
chemistry education in high school.

Future research should explore whether the gains in critical thinking and
problem-solving skills observed here are retained over time, given the current findings
are limited to the immediate post-test period. It would also be valuable to examine
whether specific gamification formats are more effective for developing particular
cognitive sub-skills, rather than treating higher-order skills as a undifferentiated
outcome. Replicating this study across different cultural and linguistic contexts would

further help to determine how broadly these findings can be applied.
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SHORTCOMINGS AND LIMITATIONS

Several limitations of this study should be acknowledged. With respect to the
third research question, which gamification elements are most effective for developing
critical thinking and problem-solving skills in chemistry, the study was unable to
provide a definitive answer. The gamified intervention was implemented as a holistic
package comprising multiple game formats and elements. And no attempt was made to
isolate or measure the contribution of each individual element separately. As a result,
while the overall intervention demonstrably improved critical thinking and problem-
solving skills outcomes, the data does not permit conclusions about which specific
gamification element drove these gains.

Secondly, in the the private school the critical thinking skill pre-test already
revealed a mean difference of —5.00 in favour of the experimental group, and this same
difference persisted unchanged at post-test (—5.00), indicating that the intervention did
not produce additional gains beyond the pre-existing advantage. This baseline
imbalance was statistically significant (U = 90.0, p = .002), meaning that post-test
critical thinking differences at the private school cannot be confidently attributed to the
gamified intervention alone. In contrast, problem-solving pre-test means were
equivalent across groups at the private school (mean difference = —5.00, U = 142.0, p
= .105), with the post-test difference widening substantially to —20.00, providing
stronger grounds for attributing this gain to the intervention. At the lyceum and public
gymnasium, pre-test mean differences in critical thinking were close to zero, and
problem-solving pre-test mean differences were likewise negligible across all sites,
confirming baseline equivalence and lending greater internal validity to the post-test
findings at those locations. When data were aggregated across all schools, the pre-test
mean difference in critical thinking was effectively zero, confirming baseline
equivalence between groups. At post-test, however, the mean difference widened to
—5.00, indicating that the observed gains are attributable to the intervention rather than
pre-existing differences. Similarly, for problem-solving, the pre-test mean difference

was negligible, while the post-test mean difference increased substantially to —15.0.
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This consistent pattern across both skills, whereby near-zero pre-test differences gave
way to significant post-test divergence, provides strong cumulative evidence that
gamification effectively enhanced both critical thinking and problem-solving skills
across all school contexts. Another point to note is that students from private schools
answered Question 3 correctly in both groups.

The suggestion is made to overcome certain restrictions in order for the teachers
to use gamification in chemistry lessons. The idea is to use the Manual provided in
Appendix 2 (p. 80) in order to design and integrate games with the help of instructions
that will be based only on the websites that can be used for free, so that there would be
no cost restrictions.

At the end, the choice of preferred games came strictly from the students'
opinions gained through interview techniques rather than cognitive results separated
based on game type. Therefore, any conclusion regarding which games might be better
than the other can only be made hypothetically and cannot be proven based on current
data. Future empirical investigations utilizing experimental methods will be necessary

to resolve this matter further.
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APPENDICES
Appendix 1

1.1 Pre-test questions

1. Kep Oetinmeri Meranmap ©31HIH CYJIYJIBIFBIH KOPCETY YIIIH >KaphIC
yiteiMaacTeip/bl. JKapeic 6appicbiHaa 9pOip MeTal ©31H KaCHEeTi MEH ChIPT KelOeTiHe
OailJIaHBICTBI TYPJII TEHEYJEp KOJMAaHAbl. ANTHIH Caphl >KbUITBHIPHI YIIiH ©31H KyHre
teHeni. OHBIH TeHEyl KOMIILIIKTI KailpaH KanaelpAbl. OChl COTTE€ OHBIH KAapChLIACHI
©31H CYp KBUITHIPHI YIIIH Alifa TeHeN TaHbICThIP/bL. byl KaHnai meran?

Al Ag Mg Hg

2. TaOurarTarbl (POTOCUHTE3 MPOLIEC] QYENICH TIPIIUIIKTIH HETi31 OOJbI.
Bbyn mnpoueccke KarbicaTblH KOCBUIBICTAp JKaHy IIPOLIECIHEH ajiblHFaH ©HIMIEp
OonarbiH. OciMaikTep OWI eHIMAEpPJl KOJJAHBIN, ayaHbl €H KaXeTTi ra3oeH
TOJIBIKTBIPABL. ByJ1 ra30eH KOChUIFaH COTTE€ KYM Ty3il, IV BaJeHTTUIIKTI KOPCETETIH
DJIEMEHTTI TAOBIHEI3.

Ne F S Si

3. MeHiH milIiHIME Kapar, TaHbIC eMeC aJaMJap Ky3lK Jien araijsl. Men
oynbl aram ®dapazeit men [odhdman Taysin, MaraH KOWFaH eciMre KYpMETCI3IIK el
oi1emiH. MeH KiMMiH?

Tonmyon bBeHzon AMUHKIIBIKBUIBI Maiinap

4, MeniH ot0OacbkiM yikeH, 013 Oip OipiMi3re >KEHIJT TypJeHE allaMmbi3.
OJIeTTer ayiiceH0iie MeHIH OaybIpbIM KYMBICKA OapFhICHI KEJIMEUTIHIH alTThl, OHBIH
OpHBbIHA Oapy YIIH MaraH THIMI YCBIHBIC Kacajibl. ¥ CBHIHBICTHI KaObUITaFaH MEH
Typieny ymin ®puaens-KpadTc yChIHFaH peakiusiHbl KOJMAHYIbl JKOH CaHAIbIM.
Ocpl coTTE peakus YIIiH KaXXeTTI KOCBUIBICTBIH asKTaJFaHbIH OaiikaiasiM. TyprieHren
KeJ0eT y3aK Typy YIIH MaFaH KaKeTTl 3aTThl TAObIHBI3.

["ajorenajskaH, OpIIITK] KATHICHIH/IA

IuknoankaH, ©pIIiTKiCi3  AMUHKBIIIKBUIBI, OPITITKI KaTHICBIHIA

KapOoH KbIIIKBLIBI, OPIIITKICI3

71



5. Ky3, kakpiHga ky3ri Oanm Oosanel. byn Oanmma KeHICKE >KeTy YIIIH
KOJIBIMHAH KEJITeHHIH OopiH >kKacaliMbIH Jen HbIK OckiHaiM. CyJIyIbIH CYIybl aTaHy
YKOJIBIHJIA TYPJII “KOCMETHKANBIK~ (aybICTIabl MaFblHA) 3aTTApAbl KOJIAHABIM. MEHIH
akapbIMJIbl alpBIKIIA aca TYCKEeH Kywmic-aiiHa (peakmusichl) Oomapl. by 3aT Tek MeH
YILIiH FaHa )KapaTelUIFanaai ce3inai. MeH kiMMin?

Keron  AMUHKBIIKBLIBI Ajgpaernyg  benszon

6. bi3 ymnH KyH coyneci a3blK »Kacay YIIIH TanThIpMac Kypaja OOJbII
Ta0Obu1aAbl. OChl ceOenTi Ae KaliMallyak ka3 KoHUTIMI3Te xKarabl. A3bIK jKacay YIIiH
OoMIaFbl Cy/bI JKEPACH KOFaphIFa KOTEPII, ayajaH KOMIPKBIIIKBLI I'a3bIlH KYH Coyrecl
KaTBICBIHJA CIHIPTCH COTTE >kaHa Oip THIHBIC alllbLIFaHIald KyHTre eHemis. OcTe Oy
Ce31M/I1 AaUTBIMN KETKIZYy MYMKIH eMec. CUnartaiFrad KyObUIbIC TIEH TY3UITeH a3bIKThIH
JYPBIC HYCKACHIH TaOBIHBI3.

bynany, @pykro3a Xnopoduii, DIOKO3a doTocuHTe3,

DIIoKko3a  buocuHTes, ramakrosa

7. The technology of laser beams is currently gaining great popularity. Using
this technology, I immediately reached a volume 60 times larger than the original
volume, and at the same time acquired the shape of a sphere. Who am 1?

C S Fr Cl

8. Long ago, there was a time when there was no light at night on the streets.
Whether it was a store, a hospital, a police station, or even the most mundane thing-
knowing the time-it was difficult without gadgets. People were lost and searched for
the safest and cheapest way to generate light that didn't rely on electricity. A solution
was found, and humanity was saved. If you were to save humanity, what exactly would
you use to power self-powering lighting devices?

Tritium Deuterium Hydrogen Helium

9. There were 118 of us friends, each of whom created a wonderful family
after some time. Some lived in the air, others above ground, and I alone with my family

remained somewhere in between. Over time, families similar in quality began to divide
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into two groups: acidic and alkali. But I couldn't get into any of them, so I decided to
look for similar ones. During my journey, I found my group. Find me and my group.

HF, basic Na2O0, acidic H2O, neutral SO2, acidic

10.  It's Nauryz 22, and there's a celebration in the courtyard. There was a huge
prize in the tug-of-war (arkan tartys/meperaruBanue kanara), and my twin brother and
I wanted to win it, so we volunteered. My twin and I not only looked alike, but we were
also equal in strength; the tug-of-war simply stood still, unmoving. As a result, we
didn't win the prize. Now think about it, in the language of chemistry: who is more
similar to us?

NaCl, ionic bond  H2, non polar covalent bond Al203, ionic bond HCI,

polar covalent bond

11.  biz 4 araiteiHasl OaybipiaapMbi3. bi3al KommaHy apKbUIbl FallbIMIAp
AIIEKTPOHHBIH, KYHIH cUNaTTaiiibl. DJEKTPOHHBIH KYWIH aHbIKTay OapbIChIHIA Olp
FAJIBIM €peKIle 3aHAbUTBIKTEI Oaikaapl. O AeKTpoHAap anfbIMeH 00C OpOUTANIb/IbI
01p-OipaeH ToaTapaabl ASTEH IIenTiMre Keni. by menrim i kacarad FaaIbIMHBIH aThIH
TaOBIHBI3.

JA.N.Mennenees B.[laynu @.Xynag A.Ammep

12.  Fanmpimpap kaHa 3aHIBUIBIKTHI KYTiM, Olp yakbITTa OlpJaed peakuusHbI
xacaapl. OChl peakIHsHbI Kacay OapbIChIHIA aJlbIHFAaH OHIMHIH Maccachl TEOPHUSITBIK
ecernrTey/ieri Maccara caif KeIMeUTIHAIrH Oalkaabl. by Maocene FansiMaap apachiHia
YJIKEH alaHJaTymbUIbIK TyablpAbl. Cebebdi e3re peakiusra KaKEeTTl *aHa 3aTThiH
HAKThl MOJIIIEPIH aly YIIH Oip peakiusHbl OlpHeNe peT KaWTajam, Kem YaKbIT
xorantaapl. OCkl MOCENeHI MIeNly YIIiH Ci37eH KoMeK cypaabl. by KoHIemusFa
KaHaal ar OepeTiH eiHi3?

Epitinninig maccanbik yiaeci  IpirbiM — TeIFbI3AeIK  KoHIEHTparus

13.  EprepekTe opraHuKaJIbIK XUMHS €CIMJI1 ajblll arail eMip cypinTi. OHbIH
TaMbIpbl TepeHAe, OyTakTapbl KoK acrnanja efi. Ocel araluThiH OyTaKTapbl op TYpIil
KacueTke ue 0ojaThiH. AnaMaap OHBI ©3 K9JIECIHE Kapary YUIH 0ap KYIIIH CalIbl.

ONTCe JIe ©31He KaKeT OYTAaKThl alfalllKbl TaHJayJlaH-aK Taly KubIHFa COKTBI. OCHI
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COTTEe KyNus akpuireil mocenere apanactel. O OCbl OyTakTapIblH KacHUETI MeH
KBIPATy KOJIBIH apHaiibl TaKTalnara >ka3nbl. JKblT caiiblH aramTa jkaHa OyTak ecirl,
aKbUITOMIIH TaKTaIlachlH ©3T¢ FaIbIMAAP TONTHIPHINT OTHIpALL. COHBIH Oipi CI3Ci3.
Ci3iH OyTaFbIHBI3IBIH KYpPaMbIH/Ia a30T IEH OTTEK KaHa e3re OyTaKTapAaH epeKIiesern
TypathiH. byl OYTaKTBIH TYPHIC aThIH TaOBIHBI3.

HwuTpoxkocsuibicTap AMUHKBIIUKbULIAPEL  AMuHaep @DeHonaap

14.  Talurarra KOJAAHBICKA KapaHUThIH TYPJl KOCBUIBICTAP MEH MaTepHuaiiap
O0ap. CoHbIH MaHbI3AB Oip Typl MyHall Oonbin TaObutanbl. OHBIH UKL TYpl
KOJIJIaHBICKA >KapaMaiJpl, COJI YIIIH OHbl apHaillbl TemImepaTrypa MEH KbICHIMJIbI
KOJIZIaHBIM, TYPJIl eHiMAep anaasl. Ockl mporeccTi ¢i3 6ackapachI3. Jom ka3ip qu3emnial
OTBIHFa ©T€ YJIKEH Meiepae Oenriui 01p KOMIaHUsAaH TalChIPIC TYCTL. TanchIpbICThI
OpBIH/IAY YIIIH KaHJal (GpakiusHbl KOJI1aHaChI3?

l'azomua  Jlurpoun Kepocnn ['azoisib

1.2 Post-test questions

1. Kep Oerinmeri mertanmap ©3i1HIH CYJIYJIBIFBIH KOPCETY VIIIH >KaphiC
yibpiMaacTeIpabl. JKapbic 6apbIChIHIA 9pOip METall ©31H KACUETI MEH ChIPT KEJIOETiHE
OailJIaHBICTRI TYPJIL TEHEYIIEep Koaanabl. KyMic cyp >KbUITBIPHI YIITIH 031H AliFa TeHEe/l.
OHBIH TeHEYy1 KOIIIUTIKTI Kaiipan Kanabipabl. OCbl COTTE OHBIH KapChlIachl ©31H capbl
XKbUITBIPHI YiIiH KyHre TeHen TanslcThIpabl. byn Kangait meran?

Na Au Be He

2. Taburartarbl (OTOCHMHTE3 MPOIEC dyeAeH TIPIIUIIKTIH Heri3i OOJIbI.
byn mpoieccke KaTbICaTblH KOCBHUIBICTAP >KaHy IIPOILIECIHEH aJbIHFaH ©HIMIEp
OonarbiH. OciMaikrep OV eHIMAEPAl KOJAAHBIN, ayaHbl €H KaXeTTi ra3oeH
TONBIKTBIP/BL. ByJ ra30eH KOChUIFaH COTTE Ybl KOHBIP ra3 TY3iM, OChI KOChUIbICTa [V
BaJICHTTUTIKTI KOPCETETIH JIEMEHTTI TaIl.

Ne F S N

3. MeHniH oTOachIM ©Te KbI3BIK, Tam Oip opTic AepciH. KpIIKbLT cekinl
amaMaapasl cabacklHa Tycipe amajbl, ajd CUITI MiHE3[l KaHaap YIIH KeOiHe e31

KBIIIKbUIIAKH Ooubin e3repeni. Ochkl €Ki KacueT oTdachl Mylenaepinae Oip yakbITTa

74



0oJajb1, JKakl FaHa oHrIMe-TYKEeH KYPbITT OThIPFaH aJlaMHBIH MIHE31HE Kapai e3repesi.
Ochl oyneT TOJNBIKTaW >KMHAJIFaH Ke3zderi Kypbutrraiiael Hopybi3 gen araiinbl. MeH

KaHaa orOachIra KaraMblH?

Anunun  KapOoH KplIKpUIBl  Ddupiaep AMHUHKBIIKbUILIAPHI

4. OYIeTTIH KYpbUITalbl asKTaJdfaH COH OpKIM o3 YillHe Oopajibl;
KypbutTaiira sxanmnsl 20 ordachl KaTbICThl. ATanfFaH orOachiga Oenrimi Oip peTTikK
00JIaThIH, €H KiIl 0TOACkl MyIeci OIpIHIII PETTIK, al erje kacTarbl 0TOACKl MyIIIeCi
TOPTIHILI PETTIKKE XKaTaabl; OyJ1 KaFuAaHbl KapT aAamMIapAblH OMIpJIiK ToHKIpuOeci MeH
JAHAJIBIFBl  APKBUIBI TYCIHAIpEeTiH. TeMeHne KepceTulreH O0TOachl MyIIelepiHiH
€CIMIHEH TOPTIHIII PETTIKKE KIM >KaTaThIHABIFbIH aHBIKTAHBI3.

Ananun  Cepun [emomiobun Inmyramun

5. Keline kakeTTi 3aTThl ajy YIIiH OIpHEIIE caraT HeMece KYHIEp KYTy
Kepek Ooyazibl, 9CTe Ji€ OJIail KyTyre OapiblfbiHAa 00C yakbpIT Oonmaiiabl. Ockl
Kargahga KOeMEKKe OpIIITKIIEp KeJieAl, ojlap peakuusra Tycnehal, Oipak
KBUTTAMIBIKTBI apTTHIPAbl. J[o7 OChI KOCBUIBICTBIH KaCHETIH OpPraHu3M/eri Oenriii
O1p HopybI3aap arkapaabl. A atanrad Hopybizaap JAHK cunTesine karbicaThiH Ooica,
OHBIH KYypaMbIHAa VYpauuia Oap “TybICBIHBIH® KaHAal XUMHSUIBIK OailaHbICThI
KOPCETETIHAITTH aHbIKTA.

Cyrektik Monawsik Kykiprrik MeTtanabik

6. AnaM opraHm3Mi JypbIC KYMBIC Kacay YIIH TYpJl MHUHEpaijap MeEH
AIIEMEHTTEPAl KakeT erefl. OCbIHbl XUMHUS ca0arblHaH YUPEHIeH AMUHA (Ke3-KeJTreH
YKCACTHIK >KOU FaHA COMKECTIK OOJBIN TaObUTAbI) KYHAETIKTI eMip/e ©31H OakbpluIan
Oacranpl. O OpHBIHAH T€3 TYPFaH Ke37e KO31 KapaybIThIN, 0ac alfHaTybIH OailKasbl.
VYakpIT 6Te Kejie KOl €CiHeM, Iapiiarbii 0obin KeTTi. Ochkl Oenriiepal KiTanTaFsl
aKIapaTIeH CaabICThIPa OTHIPHIN, KaH Al AIEMEHT KeTKUTIKC13 OOFaH IbIFbIH aHBIKTAY
YIIiH aHalW3 TancChIpAbl. AHAN3 HOTMKECIHE Kapamn aHEeMUs JUarHO3bl KOWBLIFaH
Oosca, )KeTKIIIKCI3 O0JIFaH PJIEMEHTT] TaOBIHBI3.

Kamuit Maruaumii Kaneriuii  Temip
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7. The work of the human body has long been of interest to all scientists. It
has been found that the body's ability to function only non-stop depends on the
organelle from which the body generates energy. What is the sign of Gibb’s energy
during hydrolysis of the resulting energy?

Positive  Negative It is not shown

8. The little boy wondered why it was necessary to eat regularly, because he
always wanted to play games, and asked if he could eat one meal and play for at least
three days. To find the answer to the question, he asked all the adults, and according to
the answer received, he realized that it was necessary to go to the great chemist. You're
the same great chemist. To solve and to explain the answer of this problem, choose the
most correct and chemical option.

In chemistry, this thing is not fully studied. However, the need for constant
nutrition is known to everyone.

Nutrition is a natural necessity. Just like sleeping. I am sure that this question has
nothing to do with chemistry.

Some organisms, such as plants, make glucose by using carbon dioxide and water
as their food. It is necessary to take food from the outside, since a person does not have
the ability to produce its own food.

Substances that enter the body are quickly broken down under the influence of a

catalyst. Then they go to the right place and are used. Each time a need arises, a person

1s attracted to a specific food. For this, a person needs to eat regularly.

0. Scientists have tried to make various reactions and race them to speed. A
special gift was prepared for the scientist, whose reaction ended quickly. To do this,
each scientist conducted his secret reaction regarding the acceleration of the reaction.
It was time for the race, and when the reaction rate dropped, the first scientist added
the reagent to it, the second scientist added the catalyst, and the third changed the
pressure. However, their results did not last long, as no one fully studied how the speed

changes. At this moment, a scientist named Van’T Hoff appeared in the middle to share
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his knowledge with others without envy. If you were in his place, what formula would
you create to solve this problem?

a)r(THr(T2)=(T2-T1)/2 b) r(T2)r(T1)=(T2-T1)/10  ¢) r(T2)r(T1)=(T2-
T1)/5 dr(THr(T2)=(T2-T1)/10

10. There was a new reaction in nature. At this time, the reagents reacted to form
a product, which scientists called a direct reaction. However, the next scientist,
observing the reaction, found that the mass of the original substance did not change
from here. According to a long study, the products formed during the reaction reacted
together and decomposed into a reagent, which gave the reaction the name of the
reverse reaction. However, the fact that these two reactions occurred at the same time
seemed to be unchanged to the outside, so many scientists abandoned the field of
chemistry until the reaction did not take place. You are taking the first step in chemistry,
and you did not want others to repeat this situation. The first step we took for that was
to give a name to this reaction. Which of the lower versions will be the new name?

Synthesis Chemical equilibrium  Burning Hydrolysis

11.  bizain orOackiMbI3a Keml arailbiHAbl edik. EciMimi3z Oip-OipiHe yKcac
0oy YIIiH aTa-aHaMbI3 COHbIHA “‘-aH” KYpHAFbIH JKasiFraran OonateiH. KaHiia sxepaen
ara-aHachl OaybIpap/bl YKcac OOJIFaHbIH KajlaMacTaH, oJap/iblH TaOUFaThl MEH MiHE31
op typmi eni. CoHbIH HOTHXKeCiHAE emlip OaybIpblH MaMaHAbIFbl Oip-OipiHe
yKcamasibl. MaMaH/IbIFbIHA COMKEC OJIap/bIH €CIMJIEPIHIH aliJIbIHA TaFbl Ja OipHele
cunarramanap Kocbuiabl. TeMEHAer: HyCKaJaH rajJloreHallkaH MaMaH/IbIFbIHA COMKEC

€CIM MEH COMKEC TaJIoTeHHIH XUMUSIIBIK ()OPMYIIAChIH TaOBIHBI3.

C4HS8CI2, Cl C5sH12Br, Br C4H7I, 1 C2H2F3, F

12.  Epre 3amanna XUMUSUTBIK PEaKIUSHBI XKYPTi3TeH FaIbIMIap CUKBIPIIbIFa
TeH enl. Cebebl peakmusi HOTHKECIHIET1 e3repicTepli OapibiFbl Oipaei TyciHe
anMaiTeiH. COHBIH O1piH/IE AJIKEHHIH TaJIOTEHCYTEKIIEH KOChLTY peakuusachbiHaa Oipaei
3aT KOJIJaHBIJIFAaHbIHA KapaMacTaH, op peakiusiaa COHbIHAA dp TYPJIi OHIM aJbIHATHIH.
byn >xarmail eHiMAI KOJJaHATBIH PEAKIUSHBI XKYPri3yre Kemepri »xacalTolH. by

MOCEJICH1 IIeNTy >KOJbIH/IA Tajdall FajabIMHBIH TEpl TOTUIIN, CUACHI KENTi. YaKbIT OTe
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KeJie ajblHFaH OHIMHIH TY3UIylHIH MalbI3ABIK KOPCETKIII op TypJil eKeHAITrI
aHBIKTAJJIBI. OUTCE Je, OYJ1 peaKIMSHbIH TYCIHIPMECiH )Ka3bl oHall 60iMaibl. Ci3 OChI
Xojja KpI3MeT jkacaran B.B.MapkoBHUKOBTIH MISKIpTI 001abIHBI3. OHBIH 130acapsl
peTiHje OyJ1 MoceJIeH1H MIeNTIMiH e3T¢ FalbIMIapFa TYCIHIPIHI3.

AnkeHnne Tek mapa OaijaHbIC, COJ YIIIH peakius paHIoM TYpAE KYpel,
COMKECIHIIIE aJTbIHATHIH OHIMII 00JIKay MYMKIH eMecC.

AJ'IKGHI[C KOC OalJIaHbIC 63]3, F&HOFGHCVTGKTGI“i CYTCK KOC OaMJIaHBICTAFbI

KOIICYTEKTI KOMIPTEK aTOMBIHA KOCHUIAIBI YKOHE OHBIH OHIMI KOII MOILIEP/IE TY3UIEIL.

Ankenne Koc Oailanbic 0ap, TaJOT€HCYTEKTErl rajoreH Koc OaiijlaHbICTaFrbl
KOIICYTEKTI KOMIPTEK aTOMbIHA KOCBHLIA I )KOHE OHBIH OHIMI KOIT MOJIIIEP/IE TY3UIe/].

AnkeHzne Koc OainmaHbIic Oap, TajJOTEHCYTEKTErl CyTeK KOC OaillaHbICTarbl
a3CyTEeKTI KOMIPTEK aTOMbIHA KOCBLIA I )KOHE OHBIH OHIMI KOIl MOJIIIEep e TY31Ie/1Il.

13. JKaHamaH aHBIKTQIFaH XUMHUSUIBIK KOCBUIBICTHIH KYPBUIBIMBI aJIKCHTE
yKcac, anaiija xaimnsl popmynacel ankuaMeH Oipaeit. by 3artel C.B.JIeGenen Typ:mi
OKCHITEP/I1 KaTaju3aTop PeTiHIAe KOJIaHa OThIpa OHIM peTiHe aiabl. OChI )KaHa 3aTThI
KOJIZIaHy apKbLIbI TOJIUMEP KOKCAFbI3 Mai1a 001161, OHbI OHJIETT 013re TaHBIC PE3EHKEH1
KOJIJIaHBICKA EHTI1371. Pe3eHKEeHIH KOJJaHBIC AACHIHBIH YJIKEHACYiHE OaillaHbICThI
KOJIIaHbUIFaH OacTanKbl MIKUKI3aTKA YJIKEH CYpaHbIC TYCTI. Byl MKI3aTThl ©HIIpyMEH
ci3 adHanbicach3. CypaHBICTHI TOJIBIKTal KaHAFaTTaHABIPY YIIIH PEAKIUSHBI ©3Te
FAIBIMIAPMEH OeJlicy Typasbl IIemiM KaObulmaHael. PeakiusiHbl TYCIHIIpYyIl
KEHUTZETY YIIIH OYyJl ’KaHa OHIMIe XHUMMSUJIBIK KypaMblHa cail eciM Oepy Kepek.
Temeneri HyCKaJiaH AYPBIC €CiM MEH KOJIJITaHbUIFaH KaTaau3aTopiapabl TAHIAHBI3.

Ankamuen, Al1203, Cr203  Ankaauen, Al1203, FeO Ankannen, Cr203,
FeO Ankamuen, Al203, ZnO

14.  ANKWHHIH XUMHSUIBIK €pEKINeNiri VIIH KOCBUTy pPEakIusChl YHEeMi
carbuian kypeTiH. bipak Oyi 3aHAbUIbIKKAa OarblHOAWTHIH Cy aJKUHHIH Oip Typl
IPOMTMHMEH SPEKETTECKEH/IE JIFAIIKbI CaThIa-aK TOJBIKTal peakuusra Tyceai. OHbIH
ocbl OlpOeTkeinirine KeHUI-Kyil KaTThl oacep eTeTiH. bipae ken, Oipae men Oobim

KYPreH CYMEH MpPOMHUHHIH pPEaKIMIChl HOTHXKECIHIE €Kl TYpsi 3arT Ty3uIeTiH. by
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peakIusHbl JKy3ere acblpy OaphIChIHAA ©T€ VYJbl ChIHANl OPIIITKI PETIHJE
KosganbeiateiH. OHBIH YBI a1aM aF3achblHa KENTIPETiH 3UsSHBI opacaH 30p. OChl yabl
xoro yuriH A.lllopinkaHoB epekie oaic YCHIHABL. bBys omICTIH MoceneHl Kamal
HISHIETIH/ITH TOMEH/IeT1 HYCKaHbI TaHAaM TYCIHAIPIHI3.

byn peakuusiabl ceiHarneH 6ipre TemipaiH (I1) Ty3aapbIHbIH KaThICBIHIA KYPIi3y
KEpEeK, COH/Ia ChIHANTHIH KATUOHBI TY3UIII, Y KONUBLIAIbI

by peakimsgael ceiHarmeH Oipre temipmin (I111) Tv3mapblHBIH KATHICHIHIIA

JKYPTri3y KEPEK, COHAA CHIHANTHIH KATHOHBI TY3UIII, V YKOWBUIAIbI

byn peaknusiabl ceiHanmeH Oipre amomMuHuiaiH (111) Ty3mapbIHBIH KaThICHIHIA
JKYPTi3y KepeK, COHla ChIHANTBIH KaTHOHBI TY3UIIM, Y dKOUBLIA b
byn peakumsHbl chiHanmeH Oipre XpomHbIH (II) Ty3mapblHBIH KaTbIChIHAA

KYPri3y KEpPeK, COHJIa CHIHAMTHIH KaTHOHBI TY3LIIM, Y KOUBLIA b
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Appendix 2
OR code to the Manual
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Appendix 3
Table A3.1. Ranks of pre-test questions from validity

Mean Rank
Q1 10,00
Q2 3,88
Q3 3,88
Q4 10,00
Q5 11,50
Q6 4,25
Q7 5,13
Q8 11,50
Q9 4,13
Q10 4,25
Q11 8,38
Q12 5,13
Q13 11,50
Q14 11,50

Table A3.2. Ranks of post-test questions from validity

Mean Rank
Q1 10,13
Q2 2,88
Q3 10,13
Q4 10,13
Q5 3,13
Q6 10,13
Q7 10,13
Q8 5,25
Q9 2,88
Q10 10,13
Q11 7,75
Q12 8,63
Q13 3,63
Q14 10,13

Table A3.3. Ranks of semi-structured interview questions from validity

Mean Rank
Q1 5,13
Q2 1,13
Q3 5,13
Q4 4,13
Q5 5,13
Q6 5,13
Q7 5,13
Q8 5,13
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Appendix 4

4.1 Private school

Table A4.1.1. Assumptions. Normality
W p

Post-test.CT 0.709 <.001

Note. A low p-value suggests a violation of the assumption of normality

Table A4.1.2. Assumptions. Homogeneity of Variances Test
F df df2 p

Post-test.CT 8.23 1 38 0.007

Note. A low p-value suggests a violation of the assumption of equal variances

4.2 Lyceum
Table A4.2.1. Assumptions. Normality Test
W p
Post-test.CT 0.910 0.035
Note. A low p-value suggests a violation of the assumption of normality
Table A4.2.2. Assumptions. Homogeneity of Variances Test
F df df2 p
Post-test.CT 8.81 1 22 0.007

Note. A low p-value suggests a violation of the assumption of equal variances

4.3 Public gymnasium

Table A4.3.1. Assumptions. Normality Test
W p

Post-test.CT 0.844 <.001

Note. A low p-value suggests a violation of the assumption of normality

Table A4.3.2. Assumptions. Homogeneity of Variances Test
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F df df2 p

Post-test.CT 6.85 1 26 0.015

Note. A low p-value suggests a violation of the assumption of equal variances

4.4 All school

Table A4.3.1. Assumptions. Normality Test
w P

Post-test. CT 0.805 <.001

Note. A low p-value suggests a violation of the assumption of normality

Table A4.3.2. Assumptions. Homogeneity of Variances Test

F df df2 p

Post-test. CT 9.07 1 90 0.003

Note. A low p-value suggests a violation of the assumption of equal variances
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Appendix 5

5.1 Private school

Table A5.1.1. Assumptions. Normality Test
w p

Post-test. PS 0.884 <.001

Note. A low p-value suggests a violation of the assumption of normality

Table A5.1.2. Assumptions. Homogeneity of Variances Test
F df df2 P

Post-test. PS 4.77 1 38 0.035

Note. A low p-value suggests a violation of the assumption of equal variances

5.2 Lyceum

Table A5.2.1. Assumptions. Normality Test
w p

Post-test. PS 0.849 0.002

Note. A low p-value suggests a violation of the assumption of normality

Table A5.2.2. Assumptions. Homogeneity of Variances Test
F df df2 p

Post-test. PS 5.53 1 22 0.028

Note. A low p-value suggests a violation of the assumption of equal variances

5.3 Public gymnasium

Table A5.3.1. Assumptions. Normality Test
A\ p

Post-test. PS 0.872 0.003

Note. A low p-value suggests a violation of the assumption of normality

Table A5.3.2. Assumptions. Homogeneity of Variances Test
F df df2 p

Post-test. PS 6.31 1 26 0.019
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F df df2 p

Note. A low p-value suggests a violation of the assumption of equal variances

5.4 All school

Table A5.4.1. Assumptions. Normality Test
w P

Post-test. CT 0.805 <.001

Note. A low p-value suggests a violation of the assumption of normality

Table A5.4.2. Assumptions. Homogeneity of Variances Test

F df df2 p

Post-test. CT 9.07 1 90 0.003

Note. A low p-value suggests a violation of the assumption of equal variances
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6.1 Answers of the semi-structured interview

Answers of Semi-structured Interview

Appendix 6

Ql [ Q2 Q3 Q4 Q5 Q6 Q7 Q8
P1 | Ye | Yes, it | Course Yeah, 1| They make | Motivation |1 feel | Baamboozl
s was was knew learning more | and motivated e
enjoyable | engaging | basics | fun engagement, | more
but can be | interested
distracting during lessons
P2 [ Ye | Yes Lessons | I knew | They make me [ Its hard to |1 Gamified
s were it more implement | felt interested | poster
interestin motivated to some
g themes
P3 | Ye | Yes I like | No I want it all the | Active It make me | Gamififead
s these time participation | feel poster
course , no | engagement
disadvantag
es
P4 | Ye | Yes, I]Its I heard | I want to make | Connect I was | Gamified
s liked interestin | about it [ my own games | between motivated quest
games g too teacher and
student, no
advantages
P5 | Ye | Yes, they | Course Yes, I |Ithelpedmeto |1 think not|I felt | BaamboozI
s motivate | was did broaden my | every competitivene | e, Gamified
dme enjoyabl horizons student will | ss quest
e like specific
games
P6 | Ye | Yes, I|Iloveit | Yeap It changed | There is a |l felt |1 can not
s | understan general lots of | adaptation for | choose, 1
d topics chemistry materials for | new things love all of
lesson use, it will them
be hard for
teacher to
prepare all
of them
P7 | Ye | Ofcourse | It  was [ Ido I did not knew | Students It made me |l liked
s easy that its | participation [ interested in | BaamboozI
applicable , but for a | chemistry e most,
with chemistry | non because my
competitive group won
students it it
will be a
little bit
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harder to
play

P8 | Ye | Yeap, 1|1 enjoyed | Yes I want lessons | It's I felt myself | Gamified
s liked lessons like that one | interesting, | prepared quest, I
games more time but it takes liked to find
time, there is specific
a chance items
groups
won’t make
it in a time
P9 [ Ye | Yes, I like | Yes It helped me | I think there | I felt joy Gamified
s activities | everythin use my art|is no poster
were g talent in | disadvantag
new chemistry es
Pl | Ye | Yes,Ido |It was|No I never ever|Its fun, but | I was excited | Gamified
0 s interestin expected there might | every lesson | poster, I
g chemistry be sudden missed to
lesson problem do posters
enjoyable like | with devices
that for game
P1 | Ye | Yes, I am | Course Not I played games | I heard that | I was prepared | Gamified
1 s interested | was fast | sure during lessons | some for every | quest, I was
only at primary | platforms possible responsible
school for games | games during | for
are on fee- | implementatio | creativity
paying n and we get
based to use extra points
P1 | Ye | Yes, I[It was| Yes, I|Gameswereso | Confidence | I feltgood BINGO! It
2 s wanted engaging | did good, I want to | and was the
somethin play them all | differentiati easiest one
g like that the time not | on in for me
only in the | lessons.
chemistry Also it takes
lesson time to
prepare
P1 [ Ye | Yes, I'f1 was | Yeah, I | They helped to | When I knew that my | BaamboozIl
3 S love new | intereste | knew contact  with | student academic e, I liked its
things d about it | my classmates, | adapts to | performance | random
and made it | games, it | was better by | boxes
interesting will be hard | time
for him to
study
traditionally
P1 | Ye | Yes,Iwas |1  liked | Yes I feltmotivated | I see no |1 feel | Gamified
4 s looking that and disadvantag | excitement quest, I find
for competitivene | es from new | code of the
somethin ss helped me to games door
g like that be ready for
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new lesson to

get points
Pl | Ye | Yes,Igot|It was I| Competitivene | Its hard to | I feel | Gamified
5 s themes specific | knew ss was raised | find ideas | relaxation, poster, I
during lessons, | for game I | because like
I liked it think during games | painting,
responsibilitie | and finally I
s are equal in [ was able to
groups use it in
chemistry

P1 [ Ye | Yes, I|I want to | I was | I think it made | Games helps | I felt envy for | BINGO!

6 s love took familia | my mind | to make | groups  that | First game
group course r with it | flexible, I | topics easy | got first place | felt
activities | one more never ever [ and learn it | during games | different

time expected that | gradually, no
chemistry and | disadvantag
games are | es
connected

6.2 Semi-structured interview questions

1. Did you like the chemistry education classes?

2 Were class activities nice? Why and why not?

3. What do you think about this course?

4. Are you knowledgeable about gamification applications?

5 What do you think of gamification applications?

6. In your opinion, what are the strengths and weaknesses of gamification
applications?

7. How do you feel about gamified activities during Chemistry lessons?

8. Which game do you like most?
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