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ABSTRACT

Organic chemistry is a crucial subject in chemistry. Its abstract nature can make it difficult for students to under-
stand. Learning games are an educational innovation that can improve learning outcomes and motivate students
in chemistry. This study aims to develop and test the efficiency of a learning game on organic compounds, com-
pare students’ academic achievement before and after learning, and examine students’ attitudes toward chemistry.
A one-group pretest-posttest design was used. The participants were 19 Grade 12 students in an Islamic private
school in Thailand, selected through purposive sampling. The research instruments included 1) a learning game
on organic compounds, 2) an achievement test on organic compounds, 3) an attitude toward chemistry question-
naire, and 4) a semi-structured interview on attitudes toward chemistry. Data were analyzed using percentages
relative to the efficiency criterion (E1/E2) of 75/75 percent, mean, and standard deviation, paired t-test, and
qualitative data were analyzed using content analysis. The results showed that the learning game’s efficiency was
78.95/80.79. The average post-learning achievement score was statistically significantly higher than the pre-learn-
ing score at the .05 level. The students’ attitudes toward chemistry were highly positive ( X = 3.65, S.D. = 0.33).
The research supports game-based learning, highlighting that play lowers anxiety and increases engagement. It
demonstrates that educational games can promote equity by assisting students, particularly low achievers, and by
encouraging active learning in science classes. The study finds that game-based learning enhances upper second-
ary students’ performance in chemistry and attitudes toward the subject. Educators are encouraged to integrate
learning games into science lessons to create a more engaging, equitable, and student-focused environment.
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INTRODUCTION

The main goal of science learning manage-
ment in Thailand and internationally is to deve-
lop all students into science-literate people. This
refers to an individual who can engage in science
by searching for data, evaluating and analyzing
scientific knowledge, and explaining or predic-
ting natural phenomena that occur in everyday
life (Almeida et al., 2023; Rudolph, 2024). The-
se individuals play a crucial role in the country’s

*Correspondence Address
E-mail: roswanna.s@yru.ac.th

development and advancement of science. These
goals align with the United Nations’ Sustainable
Development Goals (SDGs), particularly Goal
4 (Quality Education), which aims to ensure in-
clusive and equitable access to quality education
for all learners (United Nations, 2015; UNESCO,
2021). Therefore, teachers must create a mea-
ningful classroom atmosphere for science lear-
ning, which has many fields, including physics,
chemistry, and biology. Every field connects to
everyday life. More specifically, chemistry is the
study of matter, including its composition, struc-
ture, and properties, as well as chemical reactions
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(Chen & Chu, 2020), and learning chemistry
aims to provide students with an understanding
of the nature and changes of matter (Stammes
et al., 2023). In addition, chemistry is important
across many fields of education, including health
sciences, geology, physical sciences, environmen-
tal sciences, and business. Moreover, knowledge
of chemistry helps make human decisions about
health. Chemistry is also a science that promotes
human awareness of environmental issues, inclu-
ding pollution and the maintenance of environ-
mental balance (Wiyarsi et al., 2020; Phajan et
al., 2025; Sah et al., 2025).

Although chemistry plays a vital role in
our daily lives, both directly and indirectly, and
is one of the main goals of learning science,
most students struggle to learn the subject and
have difficulty understanding it (Dood & Watts,
2022; Pratomo et al., 2025). Students demonstra-
ted academic achievement and negative attitudes
towards chemistry, leading educators to attribute
the difficulty of chemistry to abstraction (Musen-
gimana et al., 2021; Nieto-Escamez &Roldan-Ta-
pia, 2021; Wang et al., 2021). The explanation is
not sufficiently detailed. It makes students unab-
le to imagine. Students struggle to comprehend
the fundamental principles of chemistry. Most
explanations in Thai chemistry textbooks use
scientific terminology, chemical structures, and
bonds, particularly in organic chemistry, which
primarily studies organic compounds containing
carbon (Kavak et al., 2021). Students must tho-
roughly understand this subject, as it is crucial to
other fields of chemistry (Gupte et al., 2021; Her-
manns et al., 2023). Recent national assessments
reveal persistent underperformance in science
education among Thai upper secondary students.
According to the Ordinary National Educational
Test (O-NET) results from academic years 2021
to 2023, students scored average marks of 28.65,
28.08, and 29.09, respectively, in the Science and
Technology learning area (NIETS, 2024).

Furthermore, the Applied Knowledge
Level (A-Level) examination in 2023 reported
an average chemistry score of 18.40 out of 100
(Council of University Presidents of Thailand,
2023). Particularly in Thailand’s southern border
provinces, where most students attend Islamic
private schools, average science scores remain
below the national standard (Churngchow &
Sinprajukpol, 2016; Anantanukulwong et al.,
2023). These results indicate that students still
lack a solid understanding of chemistry content,
especially in organic compounds, a key compo-
nent assessed in both O-NET and A-Level exa-
minations. Moreover, a deeper analysis of the

345

learning environment reveals that instruction in
many of these schools remains predominantly
lecture-based, offering limited opportunities for
student-centered or inquiry-driven learning. As a
result, students often exhibit low levels of enga-
gement and intrinsic motivation toward science.
Compounding this issue is the widespread lack of
access to high-quality instructional materials and
essential laboratory equipment, which further
impedes effective science teaching and learning
(Vasinayanuwatana et al., 2019).

Furthermore, this school operates within
a unique cultural setting that greatly influences
chemistry education. Most students speak local
Malay dialects, whereas classroom instruction
predominantly uses Standard Thai (Ayae & Savs-
ki, 2024; Wanaeloh et al., 2024), creating an ad-
ditional challenge for understanding chemistry
concepts. Furthermore, the curriculum at this
school is dual, combining Islamic religious stu-
dies with the basic education program, resulting
in less instructional time than in public schools
(Lateh et al., 2025; Yusuf & Thongin, 2025),
which may limit students’ active participation in
interactive learning activities.

Based on the above problems, teachers
should find strategies or learning materials that
help students see and understand these concepts.
Most importantly, teachers should make students
knowledgeable and have fun, leading to a positive
attitude toward chemistry. The challenge in stu-
dying chemistry lies in using symbols. Students
must comprehend the lesson’s symbols and their
meanings. Students will be able to comprehend
the concept in question (Taber, 2020). The game
incorporates lesson content, enabling students
to engage in hands-on learning and self-learning
exercises. Students will gain skills and knowled-
ge from the lesson’s content (Bulut et al., 2022).
This leads students to gain knowledge and en-
joyment simultaneously, fostering a cooperative
learning environment that prepares them to learn
independently (Feng et al., 2024). It encourages
students to participate in every step of the lear-
ning process. Students will experience increased
excitement, motivation for learning, and a more
positive attitude towards learning through games
(Chen et al., 2020; Yu et al., 2021). It can also
enhance students’ comprehension of the content,
spark their interest in the lesson, and foster the
development of more scientific ideas (Franco-
Mariscal et al., 2016; Nuha & Purwanti, 2023). In
addition, a review of international research indi-
cates that game-based learning is an effective ap-
proach for promoting students’ achievement and
understanding of chemistry concepts. Wardani et
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al. (2017) developed an Android-based chemistry
board game to promote learning outcomes and
critical thinking skills, and Korkmaz et al. (2023)
found that the development of educational ga-
mes affected students’ achievement and attitudes
toward science. Although previous research has
shown the effectiveness of game-based learning
in chemistry, significant gaps remain. A key fin-
ding is that most research on learning games for
organic compounds is conducted at the undergra-
duate level (Reina et al., 2022; Teo et al., 2025),
and there is a lack of studies in the context of Is-
lamic private schools. Furthermore, much of the
research focuses solely on the cognitive domain.
Neglecting the affective dimension, which is a
crucial factor for long-term success in chemistry
studies (Hu et al., 2022; Crucho et al., 2025), and
research focusing on twelfth-grade students in
their final year, a transitional period before ente-
ring higher education, remains limited.

This research builds upon and supports
previous research on game-based learning in che-
mistry, with three novel aspects: (1) developing a
learning game on organic compounds, (2) testing
it with Grade 12 students in Thai Islamic priva-
te schools, where no previous research has been
conducted, and (3) measuring both achievement
and attitude toward chemistry. The following
research questions are addressed: (1) Is the de-
veloped learning game on organic compounds
efficient according to the established criteria? (2)
Does students’ academic achievement signifi-
cantly improve after participating in the learning
game on organic compounds? (3)What are the
students’ attitudes towards chemistry after using
the learning game? This learning game will guide
science teachers in creating innovative lessons in
chemistry and other subjects for classroom mana-
gement and inspire them to continue developing
related content in the future.

METHODS

Nineteen twelfth-grade students from an
Islamic private school in Yala province, sout-
hern Thailand, participated. They were obtained
through purposive sampling, selecting schools
based on the following criteria: an Islamic private
school with low chemistry achievement, a school
that could represent Islamic private schools in
Yala province, and a school that lacked science
learning materials. Although selecting a target
group using this method may limit the generali-
zability of research findings to other populations,
this research aims to conduct in-depth studies wit-
hin the specific context of Islamic private schools,
which have cultural, linguistic, and curricular
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structures distinct from those of public schools.

This research has a quasi-experimental
research methodology. A one-group pretest-
posttest design (Cohen et al., 2000) was used.
Although this research employed a one-group
pretest-posttest design due to the contextual li-
mitations of the Islamic private school, the rese-
archers systematically implemented Measures to
control internal validity and reduce the influence
of confounding variables. These measures were
as follows: First, the researchers directly mana-
ged the learning process using the learning game
on organic compounds throughout the 13-hour
experiment, which comprised a 1-hour pre-test,
12 sessions (50 minutes each), a 1-hour post-test,
and a 1-hour examination of attitude towards
chemistry after learning. This was done to main-
tain consistency in the teaching process and pre-
vent inter-teacher variability. Second, the experi-
ment and data collection were conducted during
regular class hours to reflect the authentic lear-
ning context and minimize the influence of ex-
ternal factors that might affect the validity of the
research results. Third, the researchers conducted
a pre-test to establish a baseline for comparing
students’ learning progress after completing the
learning game on organic compounds.

The tools used in the research include a
learning game on organic compounds, an aca-
demic achievement test, an attitude towards che-
mistry questionnaire, and a semi-structured inter-
view form about attitude towards chemistry.

The learning game about organic com-
pounds to be used during the learning activity
stage consists of four dominoes. The first set of
hydrocarbon compounds consists of 1) alkane, 2)
alkene, 3) alkyne, and 5) aromatic hydrocarbons.
The second set is organic compounds containing
oxygen or nitrogen as a single bond, consisting of
1) alcohol, 2) phenol, 3) ether, and 4) amine. The
third set is a series of organic compounds con-
taining carbonyl groups, consisting of 1) aldehy-
de, 2) ketones, 3) carboxylic acid,4) esters, and 5)
amides, and the fourth set of organic compounds,
which consists of 1) alkane, 2) alkene, 3) alkyne,
4) aromatic hydrocarbons, 5) alcohol, 6) phenol,
7) ether, 8) amines, 9) aldehydes,10) ketones, 11)
carboxylic acid, 12) esters, and 13) amides. Each
set of learning games on organic compounds
contains 20 exercises, each a multiple-choice test
with four options.

According to the ADDIE MODEL, the re-
searcher created a learning game on organic com-
pounds with five stages: analyze, design, develop,
implement, and evaluate (McGriff, 2000). Each
step is detailed as follows:
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Analyze

Guidelines for managing science learning
in the Basic Education Core Curriculum B.E.
2551 (A.D., 2008) (Ministry of Education Thai-
land, 2008). This includes the academic achieve-
ment of twelfth-grade students in private Islamic
schools, as well as approaches to the manage-
ment of science education under the National
Education Act of 1999 (A.D., 2002). The study
focuses on the goals of science learning, learning
games, and domino games, drawing on relevant
documents and research. The researcher compi-
led scientific concepts from twelfth-grade science
textbooks to create a domino game on organic
compounds and related concepts and theories.
Finally, the researcher gathered information from
relevant documents and research on learning ga-
mes and the creation of domino games to design
and develop the learning game on organic com-
pounds.

Design

This phase involves designing a learning
game about organic compounds. The researcher’s
creation of domino games, along with related do-
cuments and research, considers the suitability of
the target group and the content to be measured
for use as a learning game.

Develop

After designing a learning game, Organic
Compounds, the researchers were assigned to 3
experts, including two experts in science educa-
tion and one content expert, who were evaluated
by the index of congruence (IOC), which must be
0.5 or higher (Bergman, 1996), to evaluate the ap-
propriateness of the elements in learning games.
Organic compounds have the main characteris-
tics. The learning process at each stage was crea-
ted. The role of students and teachers in learning
games focuses on organic compounds, content
coverage, and the language used, with experts
evaluating and selecting texts that have an integri-
ty index (IOC) value of 0.50 or higher (Bergman,
1996). The consistency index is between 0.67 and
1.00, which is greater than 0.5 (Bergman, 1996).
The suitability value of the learning game for
organic compounds, as rated by experts, is 4.00-
4.67, with an average of 4.34, which is classified
as a high level. Therefore, the developed game is
considered appropriate and applicable for use in
science instruction. Based on the experts’ feed-
back, the researcher made revisions to improve
the learning game and enhance its effectiveness
for classroom implementation. After revising the
learning game on organic compounds according
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to expert recommendations, the researcher tested
the efficiency of the learning game by a large
group (1: 100) try-out according to the criteria of
Brahmawong (2013), the 75/75 percent criterion,
by conducting a pilot study with 31 students who
were not part of the sample group but had similar
learning abilities and school contexts. The try-out
results showed that the process efficiency (E ) was
83.47 and the outcome efficiency (E,) was 84.68,
demonstrating that the learning game on organic
compounds had an efficiency of 83.47/84.68.

The researchers personally facilitated the
learning process to assess the feasibility of the
learning game on organic compounds. Each
game box lacked a specification of the type of or-
ganic compound, making it possible for students
to distinguish which box to start and end. The-
refore, the researcher modified the front design
of the game box by labeling each type of organic
compound to correspond with the color of each
domino category, as follows: hydrocarbon com-
pounds (green), organic compounds with oxy-
gen or nitrogen as elements with a single bond
(red), organic compounds with carbonyl group
as element (yellow) and all types of organic com-
pounds (green, red, and yellow).

Implementation

After developing a learning game on or-
ganic compounds, the researcher implemented
it with the target group throughout the 13-hour
experiment.

Evaluation

The researcher’s evaluation focused on two
dimensions. Students’ academic achievement was
assessed with an achievement test administered
before and after the intervention, and scores were
compared using a paired-samples t-test. Students’
attitudes toward chemistry were examined after
the intervention using an attitude questionnaire
and a semi-structured interview.

The academic achievement test on organic
compounds is a multiple-choice test with 4 choi-
ces and 40 questions. The assessment results sho-
wed that the index of congruence ranged from
0.67 to 1.00, exceeding 0.5 (Bergman, 1996), and
validated the academic achievement test based
on expert recommendations and feedback. Then,
we tested students who were not the target group
of 31 people to determine the classification po-
wer (0.38-1.00), the difficulty (0.44-0.88), and the
Kuder-Richardson (KR-20) formula, which was
found to be 0.76.

Attitude towards chemistry question-
naire created. It is characterized by a 5-level
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approximation scale with 24 questions. The
questions each aspect of the attitude towards
science of the Institute for the Promotion of
Science and Technology (IPST) (IPST, 2002), in-
cluding 1) Interest in chemistry, 2) Appreciation
of chemistry, 3) Beliefs and values related to
chemistry, and 4) Morality and ethics related to
chemistry. The results of the evaluation showed
that the index of consistency between the text
and the aspect of attitude towards chemistry to
be measured ranged from 0.67 to 1.00, which was
greater than 0.5 (Bergman, 1996), and validated
the questionnaire on attitude towards chemistry
based on expert recommendations and feedback.
Then, we tested the questionnaire on 31 non-
participating students to determine its reliability
in measuring attitudes towards chemistry. The
Cronbach’s alpha was 0.80 (Cronbach, 1990).

The researchers created a semi-structu-
red interview on attitudes towards chemistry.
Students can express their opinions and give
reasons for their attitudes towards chemistry
based on their responses. The interviews will
yield qualitative data. To determine the quality
of the interviews, the researcher examined the
consistency of the interviews by having 3 experts
in science education, and it was found that the
index of consistency between the questions and
the aspects of attitudes towards chemistry to
be measured ranged from 0.67 to 1.00, which
was more than 0.5 (Bergman,1996). A semi-
structured interview on attitudes towards
chemistry was conducted with non-target-group
grade 12 students. The results showed that stu-
dents understood the questions and could answer
them appropriately.

Before conducting the research, the resear-
chers clarified and explained the learning game,
including its characteristics, gameplay, and rules,
to ensure mutual understanding between students
and teachers. They also provided details about
the academic achievement test, the attitude to-
ward chemistry questionnaire, and semi-structu-
red interviews on attitude toward chemistry. For
the collection of data on academic achievement
and attitude towards chemistry:

The researchers evaluated students
academic achievement before learning about
organic compounds using the academic achieve-
ment test. The time to answer the achievement
test is 60 minutes. The researchers collected
the achievement test and further analyzed the
statistical results.

Students were divided into groups of 4-5
to play learning games about organic compounds.
During the game, the researcher served as a fa-
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cilitator, guiding the students. After each set of
games, the students completed exercises develo-
ped by the researcher to review and assess their
understanding. After that, the researcher discus-
sed the findings with the students and concluded.
The researcher obtained the sample group’s per-
mission to record the learning activities.

After finishing all the learning games
about organic compounds. The researchers
evaluated students> academic achievement after
learning about organic compounds using the aca-
demic achievement test and measured students
attitude towards chemistry after learning with
games using the attitude towards chemistry ques-
tionnaire. The researchers collected on-site data
by measuring attitudes towards chemistry after
class, giving students 60 minutes to express their
opinions. The researchers collected the post-study
measurements, analyzed the data, and interpreted
the level of attitude towards chemistry.

The researcher conducted an in-depth se-
mi-structured interview about students’ attitudes
towards chemistry after class. The interview ques-
tions were asked of 12 students. The researcher
personally contacted the interviewee via mobile
phone. All students agreed to be interviewed.
The researcher scheduled one interview. Students
can withdraw during the interview. In addition,
the researcher clarified that the purpose of the
interview was to elicit students’ opinions on their
attitudes towards chemistry. The students> answers
do not have a “right” or “wrong” answer. In the
students> opinions on each aspect of their attitude
towards chemistry, the students> answers had no
effect. The researcher gave students feedback
to listen to the questions until they understood
them clearly, and then to express their opinions
truthfully. If the student does not understand the
question, they can ask for clarification or request
to hear it again. The researcher conducted semi-
structured interviews with students about their
attitudes towards chemistry, 1- 20 minutes each.

For this research, quantitative and
qualitative data were analyzed. The efficiency of
the learning game on organic compounds was
determined by collecting scores from the orga-
nic compounds exercise, calculating the process
efficiency (E1), and collecting post-class test sco-
res. The academic achievement test on organic
compounds was used to calculate the efficiency
of the product (E,). The two values (E, and E,))
were then used to calculate the learning game’s
efficiency using Brahmawong’s (2013) efficiency
formula.

Academic achievement is measured by
administering a test to the target group before
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and after school, using learning games. Organic
Compounds were analyzed, with 1 point for the
correct answer and 0 points for the incorrect ans-
wer. The scores obtained from the achievement
test were used. Organic compounds were analy-
zed before and after learning with organic com-
pound learning games to calculate the average
score, and the results were used to calculate the
statistics for the test of the sample values, which
are not independent of each other. The t-test for
dependent samples (Ferguson, 1981) was used
to compare the target group’s average academic
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achievement scores before and after learning with
learning games.

Attitudes toward chemistry were analy-
zed in two parts: quantitative and qualitative.
Quantitative analysis: using learning games,
a questionnaire was collected to measure the
sample’s attitude towards chemistry after the
class. The researchers then analyzed the respon-
ses from the grading and interpretation of attitu-
des towards chemistry using the criteria of Rubba
& Anderson (1978), as shown in Table 1.

Table 1. Comments on Scores of Positive and Negative Statements

Opinion Positive messages (points) Negative messages (scores)
Totally agree 5 1
Agree 4 2
Uncertain 3 3
Disagree 2 4
Strongly disagree 1 5

The researcher interpreted the mean sco-
res to classify levels of attitude towards chemistry

according to Srisaard’s (2017) criteria, as shown
in Table 2.

Table 2. Mean Scores and the Level of Attitude Towards Chemistry

Mean score The level of attitude towards chemistry
4.50 -5.00 Very High
3.50-4.49 High
2.50-3.49 Moderate
1.50-2.49 Low
0.00-1.49 Very Low
The researcher collected qualitative data
from students after they learned using learning fiﬁg;\w Ethane
games. The data were analyzed using content H’}O‘H -
analysis (Schreier, 2012), in which the interview J} Mo,

results were broken down, and the interviewees’
sentences were arranged into the various aspects
of their attitude towards chemistry.

Then, the analysis results were used to ve-
rify the accuracy and reliability of the research
findings by sending the researcher’s data analysis
and interpretation to 3 experts in science educati-
on. The interviews were intended to support the
quantitative data, in which each student’s results
were not specified by surname but only by a num-
ber, such as S02, S06, etc.

RESULTS AND DISCUSSION

Characteristics and efficiency of a learning
game on organic compounds

The 4 sets of learning games on organic
compounds consist of parts with 2 sides each, as
shown in Figure 1.

Figure 1. An Example of the Front Piece of Ev-
ery Set of Learning Games

For the learning game, the 4 sets of organic
compounds consist of parts, each of which has 2
sides, as shown in Figure 2, and the back parts in
each set of the learning game are divided into 2
compartments, which are as follows:

Set 1

Hydrocarbon compounds will have 2 green
slots and black dots as points, divided into 2 ty-
pes: Type 1 (types of hydrocarbon compounds)
and Box 2. IUPAC NAME and Type 2, types of
hydrocarbon compounds, and chemical structure
of hydrocarbon compounds (Figure 2).
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alkene

M Hy

. alkene 1-propyne

Figure 2. Example of the Back Piece of the
Learning Game Set 1

Set 2

Organic compounds with oxygen or
nitrogen as the element with a single bond have
2 red channels and black dots as several points,
which are divided into 2 types: 1) Slot 1 is a type
of organic compound with oxygen or nitrogen
as an element with a single bond and channel 2
TUPAC NAME of an organic compound with
oxygen or nitrogen as an element with each type
of single bond. 2) Slot 1 is a type of organic com-
pound containing oxygen or nitrogen as elements
with single bonds, and channel 2: chemical struc-
ture of organic compounds containing oxygen
or nitrogen as elements with each type of single
bond, both parts of which are shown in Figure 3.

id Hy
o alcohol 1-pentanamine i3] |® ether _/u—/: .
] . i

Figure 3. Example of the Back Piece of the
Learning Game Set 2

Set 3

Organic compounds with carbonyl groups
as elements have 2 yellow slots and black dots as
the number of points, which are divided into 2
types: 1) Channel 1 types of organic compounds
with carbonyl groups as elements and Channel
2 ITUPAC NAME of organic compounds with
carbonyl groups as elements. 2) Channel 1 types
of organic compounds with carbonyl groups
as elements and Channel 2 chemical structure
of organic compounds with carbonyl groups
as elements, both parts are shown in Figure 4,
respectively.

. ketone

butanone o |5 aldehyde

Ao o

Figure 4. Example of the Back Piece of the
Learning Game Set 3

Set4

The fourth set of organic compounds
consists of all types of organic compounds
(hydrocarbons, organic compounds with oxygen
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or nitrogen as a single bond, and organic com-
pounds with a carbonyl group). A set of learning
games (green, red, and yellow), with colors
displayed as several points.

The forms of the parts are divided into 2
types as follows: Type 1: Channel 1 (abbreviated
structure) and Channel 2: IUPAC NAME of each
type of organic compound, and Type 2: Channel
1: line and angle structure, and box 2 - chemical
structure of each type of organic compound.

/—/_ phenal

Figure 5. Example of the Back Piece of the 4th
Set of Learning Games

CH(CH)5CH; 2-hexanone

The 4 pieces of the learning game “Organic
Compounds” will be packed in a box with the
rules described inside, as shown in Figure 6.

Figure 6. Example of a Box Containing Parts of
a Learning Game on Organic Compounds

For the efficiency of the learning game on
organic compounds, as shown in Table 3, the ef-
ficiency of the process (E,) is 78.95, and the effi-
ciency of the product (E,) is 80.79. This shows
that the learning game on organic compounds
has an efficiency of 78.95/80.79, which exceeds
the 75/75 percent criterion set by Brahmawong’s
efficiency formula (2013). The higher E, (80.79)
than E, (78.95) provides empirical evidence that
students effectively translate knowledge gained
from the learning process into learning outcomes,
indicating congruence between the learning pro-
cess and the learning outcomes.

Table 3. Efficiency of Learning Games on
Organic Compounds

Process Product Efficiency of the
efficiency  efficiency  learning game (E,/
E) (E,) E)
78.95 80.79 78.95/80.79
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From Table 3, this efficiency may result
from a systematic game development process.
The researchers tested the innovation’s efficien-
cy before implementing it and used the problems
found to improve the learning game. When lear-
ning material has been tested for effectiveness, it is
considered a teaching tool. It can create a picture
of learning for students, enabling them to learn
and change according to the teachens intended
behavior (Prasertsin, 2020). This process aligns
with the principles of instructional design, which
emphasize the step-by-step analysis, design, de-
velopment, implementation, and evaluation of
instructional materials, as well as the important
factors that affect the quality of instructional me-
dia (Branch, 2009). Saithongdee & Sirirat (2024)
support this finding, showing that systematically
designed and evaluated

chemistry board games can meaningful-
ly boost academic achievement. Likewise, Li et
al. (2022) demonstrated that cognitively focused
chemistry board games improve learning out-
comes and offer learners a high-quality play ex-
perience. Furthermore, the developed learning
games address individual differences, with high-
achieving students serving as scaffolds for lower-
achieving students. This aligns with Vygotsky’s
(1978) concept of the Zone of Proximal Develop-
ment (ZPD), which holds that learning is most ef-
fective when learners receive support from more
knowledgeable others. The four sets of games, ar-
ranged from easy to difficult, align with Bloom’s
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Taxonomy (Bloom et al., 1956), which prioritizes
a progression from rote memorization to analy-
sis and application. This allows students to con-
tinuously practice and develop their learning in
line with their potential (Akour et al., 2020; Bogh-
ian & Cojocariu, 2023). There is an interesting
arrangement of elements that is a reinforcement
and encouragement for students (Demirkiran &
Tansu Hocanin, 2021). In addition, the game
includes numerous examples of each organic
compound type, allowing students to practice
continuously as they build their understanding
throughout the lesson. Once students become
familiar with the game, they will be enthusiastic
about playing it until the end. Adipat et al. (2021)
found that organizing classroom learning activi-
ties using games makes students feel enthusiastic
and motivated to learn. Overall, this study con-
firms that quality game design, responsiveness
to individual differences, and systematic content
sequencing are important factors in the efficiency
of learning games on organic compounds, con-
sistent with the empirical evidence reported by
Othman et al. (2025) that appropriately designed
board games can effectively promote science lear-
ning and create positive learning experiences.

Students’ academic achievement before and
after school with learning games

Table 4 and Figure 7 show the average
academic achievement scores before school with
learning games.

Table 4. Academic Achievement Scores of Students Before and After Learning

Full score Before learning After learning t df P d 95% CI
S.D. S.D.
40 12.11 2.66 32.32 3.92 23.68* 18 <.001 5.43 [18.42,22.00]
“p<.05

This shows that students were taught with
a learning game on organic compounds. The
average academic achievement score after school

was statistically significantly higher than before
school at the .05 level.

Students' Academic achievement

15 12,11

Before learning

32,32

After learning

Figure 7. Mean Science Academic Achievement Scores of Students Before and After Learning
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The pre- and post-school achievement
tests, conducted through learning games on or-
ganic compounds, showed that students’ average
achievement scores after school were statistically
significantly higher than before school at the .05
level. The rise in scores indicates that students’
learning of organic compound content increased
after using the developed domino game, rein-
forcing the idea that well-designed game-based
learning can boost engagement and improve
conceptual understanding more than traditional
lecture-based teaching. This is consistent with
Lutfi et al. (2023), who found that students who
learned through games had higher academic
achievement in chemistry and greater motivation
to learn chemistry. Byusa et al. (2022) found that
educational games consistently improve motiva-
tion and understanding of chemistry, supporting
their findings. However, when compared with Mi-
guel-Gomez et al. (2023), who developed a domi-
no game for learning intermolecular forces, both
studies showed similar results, indicating that do-
mino games are an effective tool for promoting
the learning of chemistry content that empha-
sizes memorization and matching relationships
between compound structures and names. Partly
because of the learning games, students exchange
what they have learned, discuss together, sha-
re experiences, practice various skills to achieve
learning objectives, and have fun. Games are
suitable for children because they are activities
children enjoy and provide fun and learning op-
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portunities (Zeng et al., 2020; Arlinwibowo et al.,
2023; Martinez Sainz et al., 2026). In line with
Piaget>s theory, games serve as tools for children’s
intellectual development and social skills becau-
se, when playing, students interact with friends.
Everyone will practice interacting with others
and respecting rules. Learning to lose and win
honestly, using games in teaching, or using
games as a medium for managing learning are
ways to reduce student stress. It provides students
with fun and enjoyment. Students can study in
a relaxed, stress-free environment (Badillo et al.,
2026). Students tend to learn more from happy
experiences than from unhappy ones. Therefore,
games can create a positive learning experience
for students and should be effective for learning
(Flores-Aguilar et al., 2023). In addition, it may
be because the game is designed to focus on stu-
dents matching the structure and reading the na-
mes of each type of organic compound. In every
content section, there are exercises for students
to practice, which serve as a review to help them
learn the content. The game will help students
remember the content more effectively (Chu et
al., 2023; Kochkarova & Turgunov, 2023).

The attitude toward chemistry among students
who use learning games on organic compounds

The study found that after learning with a
learning game on organic compounds. Students
have a high overall attitude towards chemistry, as
shown in Tables 5 and 6.

Table 5. Students’ Mean Scores, Standard Deviations, and Attitudes Towards Chemistry

Ttem X  SD. Ag:lde
1. I like to do chemical experiment activities. 447 0.51 High
2.1 do not like participating in science projects related to chemistry.  3.68 0.75 High
3. I like to solve problems in chemistry. 3.00 1.37 Moderate
4. I do not like to study for more knowledge in chemistry. 3.53 0.96 High
5. I'like to do exercises that relate to chemical structures and chemical 4.21 0.71 High
reactions.
6. 1 do not like to watch videos about chemistry. 3.37 0.96 Moderate
7. 1 think that knowledge of chemistry can be applied in everyday life. 3.95 0.52 High
8. I think that studying chemistry makes us less conscious of preserving  3.32 1.46 Moderate
nature and the environment.t
9. I think that knowledge of chemistry improves our quality of life. 3.16 1.02 Moderate
10. I do not think studying chemistry can be used as a basis for higher 4.42 0.51 High
education.
11. T think that studying chemistry gives us systematic thinking, 3.95 0.52 High
12. T think studying chemistry makes us insecure in our lives. 3.68 0.95 High
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Item S.D. Attitude
level

13. I believe that knowledge of chemistry can be applied to solve every- 4.11 0.32 High
day problems.
14. T believe that studying chemistry cannot be put to good use. 4.37 0.50 High
15. T believe that knowledge of chemistry gives us a better quality of life.  2.74 1.15 Moderate
16. I think that chemical advances have made us insecure in life. 2.63 1.38 Moderate
17. If T were to pursue higher education, chemistry would be my chosen  2.47 1.26 Low
field of study.
18. I think that studying chemistry is not an essential basis for learning  3.79 0.86 High
science.
19. T would like to organize a board about the benefits of chemistry in ~ 3.42 1.02 Moderate
everyday life to spread my knowledge of chemistry to my classmates.
20. I will not apply my knowledge of chemistry to the choice of everyday  3.63 1.07 High
appliances.
21. How do I apply my knowledge of chemistry to make food decisions?  3.26 1.28 Moderate
22. When I watch a video of a chemical experiment, I do not wantto  3.95 0.97 High
explain that to my classmates.
23. If a friend does not experiment correctly. I will explain safety in  4.42 0.51 High
chemistry labs to my friends.
24. T will not separate chemical waste, such as body spray, mosquito re- 4.16 1.12 High
pellent spray, etc. When disposed of in the trash.

Average 3.65 0.33 High

Table 5 shows that the overall level of
attitude towards chemistry was high ( = 3.65,
S.D.= 0.33). When considering the items, most
students showed a strong attitude towards items
8,10, 15,16, 19, and 21. Students had a moderate
attitude. In addition, students had a low attitude
towards chemistry, as indicated by item 17.

In addition to the opinions from the che-
mistry attitude questionnaire, the researcher con-
ducted in-depth interviews about attitudes toward
chemistry after learning with the learning game
on organic compounds, covering each aspect,
using simple random sampling: three people per
aspect, totaling 12 people. The example interview
results are as follows:

Interest in Chemistry

The interviews found that students were
more interested in chemistry when games were
incorporated into their learning activities. The
reason is that chemistry is a complex subject.
When playing games and doing exercises, I better
understand chemical structures, which helps me
review the content and makes me want to study
more chemistry.

“Doing exercises is a review of what you
have learned. The more games come in, the
more I understand. I want to play while doing

exercises, which helps me feel more accurate in
the content. Remember the name and structure
of organic compounds.” (S01)

“Sometimes, if you study in a classroom
and do not understand all the material, you have
to find out more information. From watching the
YouTube teaching and playing the games, I re-
membered the structure, which made the game
fun and understandable. When I could not find
the answer, I searched the game>s manual and
searched for more chemistry knowledge.” (S01)

“I did not like doing exercises at all because
it was difficult to do exercises. When the teacher
adds a game, chemistry becomes easier. When
I play the game, I can do the exercises, which
makes it easier for me to remember the chemical
structure and do the chemistry exercises.” (S02)

“Before the game. I do not often find more
chemistry knowledge; I only learn more during
exams. However, when games supplement my
chemistry class, I like to learn more so I can play
games and do exercises after class. I want to know
more about the chemical structure and chemical
reactions.” (S02)

Appreciation of Chemistry
The interviews found that students
appreciate chemistry for its ability to teach sys-
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tematic thinking and for its use in high-level
education. The reason is that chemistry training
involves planning systematically and step-by-
step differentiation. Chemistry is a science and
a basic subject that everyone must study at the
university level. Organic compounds are especi-
ally the basis of chemistry that must be used for
higher education. Sample student responses are
as follows:

“Chemistry classes train us to plan
systematically and procedurally, because
chemistry requires learning about the structure
and chemical reactions, the names of compounds,
and the names of compounds. I found a structure;
we had to remember to be precise, for example, 1
found an alcohol structure. -OH At the end of the
chain, I have to think about it and find out that
there is a piece of alcohol in our hands. It makes
me have to plan and think.” (S04)

“Chemistry is a sub-subject of science, and
in order for us to study medicine and pharmacy,
we must know about chemistry. Moreover, if we
are doctors or pharmacists, we must know the
chemical structure and composition of the drugs
we prescribe or dispense. Moreover, organic com-
pounds are a basic knowledge of chemistry. If we
do not understand it, we will not be able to build
on other chemical matters.” (S04)

“Studying chemistry makes us think more
systematically. When we did not know about
chemistry, we felt chaotic. The game that I played
helped a lot. In the game, there is a chemical
structure and the name of an organic compound.
I have to think about when I place the pieces: I
have to place them correctly. How to continue?
The structure itself is related to the type of
organic compound.” (S06)

“Chemistry is a basic subject that we must
study at the university level, regardless of which
faculty or field we study. When I write a chemical
reaction, if you do not understand the chemical
structure, you cannot write chemical reactions.”
(S06)

Beliefs and values related to chemistry

From the interview, it was found that Stu-
dents believe that chemistry can be useful and
that studying chemistry in higher education is
valuable. The reason is that chemistry can be
used to choose products safely. The name of the
organic compound gives us an idea of the drug’s
ingredients. As a result of playing the game, the
chemical structure is known. There is interest in
studying chemistry at higher education institu-
tions.
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“Chemistry helps us to choose food; for
example, we choose non-alcoholic foods. If we
do not study chemistry, we will not know the
chemical name of alcohol when the game book
made me know. IUPAC NAME of alcohol,
which is the name of the product’s ingredients,
you can know whether there is alcohol mixed or
not mixed.” (S02)

“If there were no teachens game yet. I will
say no because chemistry is a very difficult sub-
ject, but when I have a teacher’s game to supple-
ment it, I find it easier. Therefore, it makes me
want to continue studying chemistry. When I
have a game, I understand more.” (S02)

“Chemistry can be used for many purposes,
such as safe shopping. If we know the chemical
structure, for example, some people are allergic
to alcohol when buying roll-ons. This tells us
whether the product is alcoholic. As a result of
the game, we know the name and the chemical
structure; for example, we sometimes come
across a chemical name that ends in -OH. You
will know that this substance contains alcohol.”
(S07)

“Previously, I felt that chemistry was very
difficult for me, but when a game came into my
chemistry class, I tried it. Playing continued to
make me understand more. I feel like chemistry,
if T have the opportunity to continue studying, I
will study chemistry when there are games that
make me feel fun. I understand a lot; I have the
motivation to continue studying chemistry.” (S07)

Morality and ethics related to chemistry

The interview found that Students have
morals and ethics related to chemistry, are ready
to transfer knowledge and benefits of chemistry,
and apply chemical knowledge in choosing
consumer goods in their daily lives. The reason
is that organizing a board about the structure of
chemistry in everyday

life is a review of the texture for yourself
and helps your friends understand more about
the chemical content. When they understand
the structure and types of organic compounds
through games, they are motivated to share
what they have learned with their friends. The
knowledge gained through the game allows them
to choose the right products for both consumers
and consumer products. As an example of the
student>s answer.

“Setting up a board in front of the
classroom allows me and my friends to review
chemistry knowledge at any time. This allows
others who pass by to stop reading and gain more
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chemistry knowledge. When I played the game, I
understood the structure and name of chemistry,
which made me want to organize a board to
spread chemistry knowledge to my friends.” (S03)

“Chemistry is related to daily life, such
as liquor, medicine, and organic compounds
involved. This makes it useful;, we can choose
more products. Some products that contain
alcohol mixed with alcohol, we cannot buy. Once
we have the knowledge, we can consider and
make a decision.” (S03)

“QOur friends do not know about chemistry,
so they gain more knowledge of chemistry. Since
they want to play games, they want to explain the
structure of chemistry to their friends on the class
board. Types of organic compounds” (S09)

“Chemistry is related to our lives; we have
to encounter many chemicals, and anything
useful we can use, such as personal allergy to
scotch tape to wound dressing. When I put it on,
I get a rash. When we know organic compounds,
we know that when we choose to buy the next
time, we will be able to buy scotch tape that does
not contain that substance.” (S09)

According to the results, students had a
high average score of attitude towards chemistry
after learning through games. This is in a positive
direction, in line with Irwanto et al. (2023), who
found that using chemistry game applications
to organize learning activities with grade 12
students increased students> positive attitudes
towards chemistry. This is also consistent with
Sailer & Homner (2020), who reported that ga-
mification has a positive effect on affective out-
comes, including students’ motivation, interest,
self-confidence, and attitudes. It aligns with Da
Silva Junior et al. (2022), who found that game
elements, such as scoring and reward systems,
enhance student motivation and engagement in
organic chemistry learning. However, the high
overall average scores may suggest that using ga-
mes alone may not be sufficient; integration with
other teaching strategies is necessary to develop
attitudes comprehensively across all domains.
Part of the reason is that the researcher-develo-
ped learning games create challenges and compe-
titions for students, helping them learn indepen-
dently. The students were excited and active. It
helps motivate students to learn (Kanphukiew &
Nuangchalerm, 2024; Wahyuni et al., 2025). In
addition, it may be due to the nature of the game
with strategy, where players must use judgment in
making decisions and act within the framework
of the rules of the game that must be followed,
which is to train students to be within the rules,
know how to solve problems, and dare to think
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and make decisions, which also leads to the
psychological development of students (Funa et
al., 2021; Erol et al., 2025). The main thing is that
the game is interesting. Students learn from their
direct, hands-on experience, facilitated by the te-
acher, so they feel more comfortable understan-
ding than memorizing in class (Lakhonmoon,
2025). In addition, it may be due to the classroom
learning atmosphere, which emphasizes support,
collaboration, and praise. These factors help stu-
dents become interested in and encouraged to
learn about complex subjects (Khoiri et al., 2023;
My et al., 2025). Reinforcement for students is
one of the factors that directly affects attitudes.
According to Skinner’s theory, reinforcement,
or reward, occurs when an organism performs
the desired behavior. It can help you adjust your
behavior or cultivate the desired habits (Mondol
et al., 2026). Therefore, it can be concluded that
combining a fun learning environment, compe-
tition, and positive reinforcement in a domino
game focused on organic compounds is crucial
for effectively fostering positive attitudes toward
chemistry among students and boosting their in-
terest and motivation to learn (Hui & Mahmud,
2023).

This research has several limitations that
should be considered when interpreting the re-
sults. The sample size was small (n = 19), and
data were collected from an Islamic private
school, which may limit the generalizability of
the findings across different educational contexts.
Furthermore, the one-group pretest-posttest de-
sign without a control group did not fully control
for confounding factors, such as maturation and
novelty effects related to the teaching materials.
These factors could affect student achievement
scores and attitudes. Moreover, the 13-hour limit
may be insufficient to assess long-term learning
retention and attitudes, especially in chemistry-
related ethics and morality, which require a lon-
ger development period than other areas. The-
refore, future research should use larger sample
sizes and more diverse contexts and employ an
experimental design with a control group to en-
hance the reliability and internal validity of the
findings.

However, due to the small sample size,
purposive sampling, and the absence of a cont-
rol group, results should be interpreted cautiously
and not overgeneralized. Future studies should
involve larger, more diverse samples, include a
control group, and explore the game’s broader
effects and its role in promoting equity in science
education. The research results suggest that the
learning game on organic compounds can help
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students achieve academic success and develop
a positive attitude toward chemistry. Therefore,
teachers and students who implement the game
should study and understand the steps for playing
and the scoring rules. Students should have kno-
wledge and understanding of organic chemistry.
This is because the game is a review, and students
will only play it after they have learned the orga-
nic chemistry content. Understanding chemical
structures and reading organic compounds are
essential foundations for learning organic che-
mistry. If the game pieces, which consist of che-
mical structures and the names of organic com-
pounds, are not understood by the students, the
game will not be understood. Teachers must try
to explain or provide easy-to-understand examp-
les to help students understand and persist in lear-
ning. In addition, teachers in chemistry-related
courses can bring learning games. Subject: Orga-
nic compounds can be applied to other subjects
and can be used to review chemistry knowledge
for first-year undergraduate students to prepare
the basic chemistry content. Teachers should con-
duct the learning game after students have been
directly taught about organic compounds. This
allows the game to reinforce understanding and
review knowledge effectively.

Furthermore, the game can be adapted for
blended learning environments or as a formative
assessment tool. The research results show that
students who learn using a learning game on or-
ganic compounds have an average post-school
achievement score that is statistically significantly
higher than their pre-school score at the .05 level,
so other variables, such as learning persistence,
should be studied to support students’ learning
through games. When considering the effect of
attitude toward chemistry, students’ attitudes
were positive, suggesting that games could imp-
rove them. Science learning games should be de-
veloped on other topics, such as chemical bonds,
elements, and molecular mass calculations, to
help students gain knowledge and understanding
of chemistry while also making learning fun.

Furthermore, the learning game the rese-
archer created can only be used in the classroom
due to its resource requirements, as students need
to study all four sets of organic compounds.
Thus, we could modify it into a learning game
application. In addition to allowing students stu-
dying organic compounds to take examinations
in each subject at any time, anywhere, without
restrictions, this will enable them to practice and
review the names, chemical structures, and fun-
ctional groups of each organic compound. The
sample group should be expanded to include
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multiple schools and diverse types, both public
and private, to ensure the broader applicability
of the research findings. In addition, a digital or
online version of the domino game should be de-
veloped to increase accessibility and flexibility of
use. Finally, comparative research on the effecti-
veness of dominoes relative to other teaching aids
should be conducted to identify the most suitable
approach for teaching organic compounds.

CONCLUSION

The learning game’s efficiency was
78.95/80.79, exceeding the established criterion
of 75/75. Students who were taught using a lear-
ning game showed a significantly higher average
academic achievement score after school and a
positive attitude toward chemistry. This research
suggests that the developed game may serve as a
promising teaching tool for challenging content
and that students showed improvements in both
the cognitive and affective domains after game-
based learning. A key contribution of this rese-
arch is that it builds on previous work at new gra-
de levels and provides a ready-to-use chemistry
teaching tool. The study’s learning game shows
potential to engage students, improve achieve-
ment, and foster positive attitudes toward che-
mistry.
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