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Abstract— This study aimed to explore gamification in senior high School genetics and its effect on students’ academic
performance, attitude, and experiences. The research used purposive sampling techniques, and thirty participants participated.
The study revealed that students were interested in using gamification in Genetics education, appreciating its advantages, such
as increased engagement, simplified understanding of topics, and motivation to learn. This indicates that incorporating gaming
elements into education creates an enjoyable classroom atmosphere, encouraging students to work and reach their academic
objectives. It underscores how gamification can positively impact learning across subjects.

Five emerging themes were produced in terms of experience. Students find gamified approaches to learning Genetics engaging
and motivating, appreciating the interactive and immersive nature of the activities, personalized learning experiences, skill
development opportunities, collaboration with peers, and long-term engagement with genetic concepts facilitated by

gamification.
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1. Introduction

Gamification, without a doubt, is an effective teaching tool in
21st-century learning. It filled the gap between digital natives
and immigrants. Teachers and students enjoy this creative
way of learning, thus guaranteeing motivation among
learners. [1], [2], [3]. The combination of teaching and
technology has renovated the educational environment by
presenting innovative methods to make learning more
practical and engaging. Learning Management Systems
(LMS) like Moodle and Canvas make it easier to generate,
disperse, and trace course content, which advances
educational management effectiveness. These platforms
foster interactive learning via discussion forums, quizzes, and
multimedia content. Furthermore, digital tools like virtual
laboratories and virtual reality give students real-world,
direct-on experiences that are remarkably favorable in science
and engineering.

Gamification, or the incorporation of game-design elements
in non-game settings, aids technological change in education.
It promotes and connects students by integrating points,
badges, leaderboards, and levels into the learning experience.

2. Related Work

Previous studies on the effect of gamification show that
students' academic performance significantly increases when
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exposed to gamified instruction. [4] in physical science
courses and language subjects among learners [5] Using
games in the classroom setup is an effective educational tool
to increase academic performance. [6]. Pede (2017) stated
that educators should implement technology wherever
possible as schools move into the digital age. The leveled
gamification method connects teachers with traditional and
standards-based grading practices. [8]. Gamification,
described by [9] In addition to using game metaphors, game
features, and concepts, game methods may be applied in non-
gaming contexts to increase user behavior and motivation,
and it is the application of game methods. [10] that makes
learning more fun.

Although the excellent influence of computer games and
serious games, which were earlier technologies used in
education, has been extensively addressed [11]. It remains an
intriguing research topic. Gamification is a sequential
technology of games and game-based techniques in education
that has been studied extensively since the 1980s [12].
According to one study, the assessment results demonstrate
positive benefits in students' engagement with gamified
learning exercises and a significant increase in learning
outcomes. [13]. It also boosts student engagement and
understanding. [14]. In the K-12 program, games can increase
academic achievement, motivation, and classroom dynamics.
[15], [16].

102


http://www.isroset.org/
https://orcid.org/0009-0002-3820-2882
https://orcid.org/0009-0009-6266-5765
https://orcid.org/0000-0002-1718-5203

Int. J. Sci. Res. in Multidisciplinary Studies

In an analysis of the leaderboard in a virtual classroom [17]
Eighty female undergraduate students took a math test in a
virtual classroom after seeing one of three leaderboard
conditions: one in which most of the top positions were held
by men, one in which women held most of the top positions,
or one in which there was no leaderboard.

Several researchers focus only on increasing academic
performance and the effect of leaderboards on academic
performance, not on students' attitudes and experiences
regarding the use of gamification. This led the researcher to
work on this paper and explore more students' experiences
and attitudes regarding gamification.

Genetics is typically a challenging subject for high school
students to master because it involves some cross-linked
information concerning topics such as genes, proteins, cells,
tissues, organs, and systems. [18]. Additionally, it becomes
harder to make connections between and clarify ideas like
gene expression at the cellular level and the impact of a gene
at the organism level. The subject was chosen to be explored
using gamification.

This study aimed to explore gamification in senior high
School genetics and its effect on students’ academic
performance, attitude, and experiences. Specifically, it would
like to answer the following questions:

1. Is there a difference in the respondents' scores before and
after using gamification?

2. What is the attitude of students on the use of gamification?
3. What are the students' experiences in using gamification?

3. Theory

Gamification is supported by core principles that stem from
psychology, game design, and educational theory. Self
Determination Theory (SDT), created by [19], [20]Suggests
that individuals are driven by three needs: independence,
proficiency, and connection. Gamification addresses these
needs by offering options (independence), presenting
challenges and feedback (proficiency), and nurturing a sense
of community (connection) (Deci & Ryan, 2000; Deci &
Ryan, 2008). Flow Theory, introduced by (Csikszentmihalyi,
1990), defines engagement as achieving a balance between
challenge and skill level, resulting in a flow state. Therefore,
gamified tasks should be challenging yet attainable with
objectives and immediate feedback to encourage a flow state
(Csikszentmihdlyi, 1990): behaviorism and Operant
Conditioning theories put forth by B.F. Skinner focuses on
molding  behavior through rewards and penalties.
Gamification utilizes rewards such as points and badges to
reinforce desired behaviors and promote continued
participation. [22]. Social Comparison Theory, developed by
Leon Festinger, indicates that individuals assess themselves
based on comparisons. In gamification contexts, leaderboards
and social sharing capitalize on comparison to inspire users
through competition. [23].

The Constructivist Learning Theory, created by Jean Piaget in

1973 and Vygotsky in 1978 ( cited by Saul, 2024) , highlights
that learning involves participation in constructing knowledge
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through experiences. Educational tools incorporating gaming
elements enrich the learning process through engaging
immersive activities.

4. Method

This study's participants were chosen purposively. They
comprised twenty-two students enrolled in the Science,
Technology, Engineering, and Mathematics strand for the
school year 2023 — 2024. The participants were given a
pretest before using gamification and a posttest after the
intervention. The test was a 30-item two-tier test. A two-tier
test acts to identify comprehension by showing a multiple-
choice question supported by a deeper investigation into
student interpretation. This encourages better understanding
and assists teachers in recognizing topics requiring extended
teaching.

For the attitude towards the use of gamification for high
school genetics, a 10-item researchers survey questionnaire
will be administered with the following scale:

To acquire participants' experiences, consent was first

Options  Scale Adjectival Rating Interpretation
Rating

5 42-50 Strongly Agree Very Positive

4 3.4-4.19 Moderately Agree Positive

3 2.6-3.39  Undecided Neutral

2 1.8-259 Moderately Agree Negative

1 1.0-1.79  Strongly Disagree Very Negative

obtained from both the parents and participants. This was
done during the orientation of the study's goal. The
participants were interviewed through a focus group
discussion during the actual process. Lastly, the data were
analyzed for common themes and precisely denoted
participants' views on using gamification.

5. Results and Discussion

The following are the study results following the sequence
presented in the statement of the problem.

1. SOP number 1. Is there a difference in the
respondents' scores before and after using
gamification?

Table 1. T-test Results for the Pretest and Post-test
Group Mean SD t-value  Sig. Interpretation  Decision
value
Pretest  20.50 4.09 -5.46 0.00 Significant Reject
POSt 2501 1.8
test
a 0.05

Table 1 shows the t-test results for the pretest and post-test
scores using gamification. It can be gathered from the table
that the posttest (X=25.91, 6=4.09) is higher than the pretest
(X=25.91, 0=4.09) with a t-value of -5.46 and a significant
value (0.00) lower than the set alpha (a 0.05). These values
indicated a significant difference in the student's performance
in genetics before and after using gamified instructions.
Therefore, the null hypothesis of the study will be rejected.

103



Int. J. Sci. Res. in Multidisciplinary Studies

This indicates a significant difference in the scores before and
after the intervention or treatment, supporting the post-test
group.

Gamification is an effective strategy within science
education, impeccably linking gaming elements like
challenges, incentives, and competition to develop student
engagement and motivation. By infusing scientific concepts
and methodologies into interactive experiences, gamified
platforms captivate learners' interest and expand active
participation and knowledge retention. For example, in
genetics class, gamification converts traditional lectures into
active learning atmospheres, where students board on quests,
crack puzzles, and track their development, all while
discovering complex scientific principles in a fascinating and
immersive way.

Using games in the classroom setup is an effective
educational tool to increase academic performance. (Iwamoto
et al.,, 2017). Pede (2017) Testified that as schools move
further into the digital age, it is appropriate for educators to
implement technology in their classrooms wherever possible.

SOP number 2. What is the attitude of students on the use
of gamification?

Table 2

Question -

X Adjectival Rating | Verbal Interpretation

1. Gamification made

Genetics enjoyable. 4.14 | Moderately Agree Positive

2. It makes the lesson
more engaging and

interactive. 4.32

Strongly Agree Very positive

3. It made complex
concepts easier to

understand. 4.32

Strongly Agree Very positive

4. The gamification
motivates me to work

more on the subject.

455 Strongly Agree Very positive

5. | feel accomplished
every time | finish a

task. 459 | Strongly Agree Very positive

6. It develops my skills
to collaborate with my
classmates. 4.27

Strongly Agree Very positive

7. I have developed
more critical thinking
skills because of
gamification. 4.77

Strongly Agree Very positive

8. The features of
gamified genetics help
me more in dealing
with the subject. 4.19

Strongly Agree Very positive

9. I am willing to have
more gamified

activities in the future. 4.76

Strongly Agree Very positive

10. It challenges me to
be more active in class
discussions. 4.73

Strongly Agree Very Positive

Table 2 shows the students' attitude after using gamification
in Genetics. The study results support the use of gamification
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in genetics education as students have a favorable view of its
benefits. Students believe that gamification significantly
improves engagement and interaction in the classroom, with a
rating of 4.32. This suggests that integrating game elements
into learning captures students' interest, encourages
participation, and creates a more dynamic and enjoyable
learning atmosphere. The high rating (x=4.32) on the ease of
understanding concepts highlights how gamification helps
simplify topics, making them more understandable to students
and enabling more profound learning.

Moreover, the results indicate that gamification motivates
students, with a rating of 4.55, showing strong agreement.
This implies that using methods in Genetics education
encourages students to put in effort and dedication to their
studies due to the intrinsic motivation these activities offer.
Students also feel a sense of accomplishment (X = 4.59) when
they complete tasks within a learning environment,
emphasizing the reinforcement and satisfaction gained from
overcoming challenges and reaching goals.

These findings underscore the impact of gamification on
education by enhancing student engagement, motivation, and
learning outcomes in Genetics and across various subjects.
Gamification led to substantial developments in students'
motivation, enjoyment, and interest in the subject matter,
which fostered a more positive attitude towards learning [25].
Moreover, it can establish a more dynamic and interactive
learning environment, contributing to positive student
attitudes [26].

SOP number 3. What are the experiences of the students
who used gamification?

After using gamification in Genetics, five emerging themes
describe the student's experiences.

Engagement and Motivation. Students express enhanced
enthusiasm and interest in genetics when learning through
gamified approaches, referring to the interactive and
immersive quality of the activities. Gamification nurtures a
perception of amusement and anticipation, influencing
students to participate and discover genetic concepts
aggressively.

"I never thought genetics could be this amusing! | love how
we generate virtual organisms and investigate how traits are
passed down.

“It feels like participating in a game, but I understand so
much about genetics along the way."

Personalized Learning Experiences. Students value
gamification's customized learning experiences, where they
can proceed at their own pace and receive tailored feedback
and support. Gamified platforms adapt to individual learning
patterns and preferences, meeting diverse student needs.

"l enjoy how the genetics game adapts to my level. It
confronts me without being too overwhelming.

“The feedback assists me in understanding where I need to
develop, which is certainly beneficial."
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Skill Development. Students identify the enhancement of
critical thinking, problem-solving, and data analysis skills
within gamified genetics activities. By drawing in simulated
experiments, virtual reality, and genetic mysteries, students
improve their analytical skills and gain practical experience in
genetics.

"Playing the genetics game has certainly developed my
critical thinking skills.”

“I must deliberate strategically to breed organisms with given
traits and investigate inheritance patterns. It is like I am a
geneticist!"

Collaboration and Peer Learning. Gamified genetics
activities foster collaboration and peer learning as students
work simultaneously to solve challenges and accomplish
common goals. Students evaluate the opportunity to exchange
concepts, examine genetic concepts, and learn from their
peers.

"The genetics game promotes teamwork, which | certainly
appreciate.”

“My classmates and I collaborate to solve breeding puzzles
and split tactics.”

“It is good to discover from each other and see various
viewpoints."”

Long-Term Engagement and Retention. When acquiring
knowledge through gamification, students express supported
curiosity and long-term engagement with genetics models.
The cooperative and excellent nature of gamified activities
improves knowledge retention and encourages continued
exploration of genetic principles outside the classroom.

"Even after the genetics unit was completed, | still find
myself returning to the game to generate more organisms and
search for unique traits.”

“It is incredible how gamification has generated a genetics
branch in my mind. I feel like | have truly become skilled at
ideas!"

6. Conclusion

The research results emphasize that students are highly
interested in incorporating gamification into Genetics
education, acknowledging its advantages such as increased
engagement, a better understanding of topics, and enhanced
motivation to learn. By integrating game elements into the
process, teachers can create an environment encouraging
enthusiasm and active student participation, leading to
improved learning outcomes. This indicates that gamification
is a tool for educators to establish a positive and dynamic
learning setting where students are motivated to participate
actively and inspired to excel academically.

Identifying five themes in students’ experiences with learning
in Genetics offers more profound insights into the impact of
using gamification. Students enjoy these methods because
they are engaging and inspiring. The personalized learning
experiences that come with gamification allow students to
progress at their own pace, receive feedback, and cater to
their individual learning preferences, enhancing their
educational journey. Gamified learning offers opportunities
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for developing skills like thinking, problem-solving, and data
analysis as students participate in virtual experiments and
genetic puzzles. Working with classmates adds value to the
learning experience as students collaborate on solving
challenges and achieving goals, promoting teamwork and
shared accomplishments. The ongoing interaction with ideas
through gamification demonstrates how effectively it
maintains student interest and engagement beyond the
classroom, leading to an understanding and appreciation of
Genetics concepts over time.

Conflict of Interest

This research was conducted with a commitment to
transparency and integrity, and the authors declare that they
have no conflicts of interest.

Funding Source
This research was conducted independently and did not
receive any external funding.

Authors’ Contributions
The authors contributed to the progress of the paper,
especially during the collection and interpretation of data.

Acknowledgments

The researcher extends sincere gratitude to their colleagues
whose contributions and support were instrumental in
bringing this paper to fruition. Their collaboration,
encouragement, and valuable insights have enriched the
research process and enhanced the quality of the study. Their
assistance may have ranged from providing feedback on the
research design, offering guidance on data analysis
techniques, or providing moral support during challenging
times. Each colleague's input has contributed to the
refinement and strengthening of the research, demonstrating
the power of collaboration in advancing knowledge and
scholarship. This acknowledgment recognizes the collective
effort involved in the research endeavor and fosters a sense of
camaraderie and appreciation within the academic
community.

References

[1] H. Hardianti, “Gamification in EFL: Exploring the Use of Gamification
Strategies to Enhance Student Motivation and Engagement,”
INTELEKTIUM, Vol.5, pp.8-15, 2024.

[2] R. Paredes, C. Mayorga, C. A. Guerrero Velastegui, and V. Mejia,
“Gamification: A key factor on University students motivation,”
Medwave, Sep., Vol. 23, pp.eUTA278, 2023,

[3] 1. Puspitasari and S. Arifin, “Implementation of Gamification on
Learning Motivation: A Meta-Analysis Study,” Int. J. Progress. Sci.
Technol., Vol.40, pp.356, 2023.

[4] R. Tiria and D. Caballes, “The Role of Gamification on Students
Academic Performance in Senior High School Physical Science Course,”
Autom. Auton. Syst., Vol.11, pp.41, 2019.

[5] L. Caballero, M. Ferrer, and R. Tiria, “The Role of Gamification in the
Academic Performance of Junior High School Students in Language
Subject,” ISROSET - Int. J. Sci. Res. Multidiscip. Stud., Mar., Vol.8,
pp.1-4, 2022.

[6] D. Ilwamoto, J. Hargis, E. J. Taitano, and K. Vuong, Analyzing the
efficacy of the testing effect using kahoottm on student performance |
semantic scholar. 2017

[7] J. Pede, “The effects of the online game Kahoot on science vocabulary
acquisition,” Rowan Univ. - Digit. Woks, 2017.

105



Int. J. Sci. Res. in Multidisciplinary Studies

[8] A. L. Reichelt, “Effects of gamification : analyzing student achievement,
mastery, and motivation in science classrooms,” 2015.

[9]1 A. Marczewski, Gamification: A Simple Introduction.
Marczewski, 2013.

[10]K. M. Kapp, The Gamification of Learning and Instruction: Game-based
Methods and Strategies for Training and Education, 1st ed. Pfeiffer &
Company, 2012.

[11]T. M. Connolly, E. A. Boyle, E. MacArthur, T. Hainey, and J. M. Boyle,
“A systematic literature review of empirical evidence on computer
games and serious games,” Comput. Educ., Sep., Vol.59, No.2, pp.661—
686, 2012. doi: 10.1016/j.compedu.2012.03.004.

[12]S. de Sousa Borges, V. H. S. Durelli, H. M. Reis, and S. Isotani, “A
systematic mapping on gamification applied to education,” in
Proceedings of the 29th Annual ACM Symposium on Applied Computing,
in SAC ’14. New York, NY, USA: Association for Computing
Machinery, Mar., pp.216-222, 2014. doi: 10.1145/2554850.2554956.

[13]M.-B. Ibanez, A. Di-Serio, and C. Delgado-Kloos, “Gamification for
Engaging Computer Science Students in Learning Activities: A Case
Study,” IEEE Trans. Learn. Technol., Vol.7, No.3, pp.291-301, 2014.

[14]S. O’Donovan, J. Gain, and P. Marais, “A case study in the gamification
of a university-level games development course,” in Proceedings of the
South African Institute for Computer Scientists and Information
Technologists Conference, East London South Africa: ACM, pp.242—
251, 2013.

[15]R. Rosas et al., “Beyond Nintendo: Design and assessment of
educational video games for first and second grade students,” Comput.
Educ., Vol.40, pp.71-94, 2003.

[16]A. Wang, “The wear out effect of a game-based student response
system,” Comput. Educ., Vol.82, pp.217-227, 2015.

[17]K. R. Christy and J. Fox, “Leaderboards in a virtual classroom: A test of
stereotype threat and social comparison explanations for women’s math
performance,” Comput. Educ., Vol.78, pp.66-77, 2014.

[18]M. Xhetani and K. Lapi, high school students’ attitudes towards learning
genetics and belief in genetic determinism. 2023.

[19]E. L. Deci and R. M. Ryan, “Self-determination theory: A macrotheory
of human motivation, development, and health,” Can. Psychol. Psychol.
Can., Vol.49, No.3, pp.182-185, 2008.

[20]R. M. Ryan and E. L. Deci, “Self-Determination Theory and the
Facilitation of Intrinsic Motivation, Social Development, and Well-
Being,” Am. Psychol., 2000.

[21]“Csikszentmihalyi, Mihaly. (1990). Flow: The Psychology of Optimal
Experience: Journal of Leisure Research: Vol 24, No 1.

[22]B. F. Skinner, Science and human behavior. in Science and human
behavior. Oxford, England: Macmillan, 1953, pp. x, 461, 1990.

[23]L. Festinger, “A theory of social comparison processes,” Hum. Relat.,
Vol.7, pp.117-140, 1954

[24]Saul, “Constructivism Learning Theory & Philosophy of Education.”,
2024.

[25]C. Su and C. Cheng, “A mobile gamification learning system for
improving the learning motivation and achievements,” J. Comput. Assist.
Learn., Vol.31, No.3, pp.268-286, 2015.

[26]L. de-Marcos, A. Dominguez, J. Saenz-de-Navarrete, and C. Pagés, “An
empirical study comparing gamification and social networking on e-
learning,” Comput. Educ., Vol.75, pp.82-91, 2014.

Andrzej

AUTHORS PROFILE

RENATO A. TIRIA, JR is a Master
Teacher 1l at Elpidio Quirino Senior
High School, Manila City, and a
university faculty member at Jose Rizal !
University teaching biological sciences

and research subjects. He earned his

Bachelor of Secondary Education in

Biology at Pamantasan ng Lungsod ng

Maynila, where he earned his Master of Arts in Education,
majoring in Biological Sciences. He is taking his Doctor of
Philosophy in Science Education at Centro Escolar
University, Manila, and working on his dissertation. He
attended several local and international seminars, workshops,
and symposia about science education. He is currently a
member of the Biology Teachers Association of the

:
4

ahll

© 2024, 1JSRMS All Rights Reserved

Vol.10, Issue.5, May 2024

Philippines. Mr. Tiria is a curriculum writer and speaker in
science education and pedagogy. He has published several
research studies in international publications, including
pedagogy, gamification, education 4.0, and science education.
He is a volunteer counsellor at loveyourself and HASH (HIV
& AIDS Support House), NGOs that provide free HIV
testing, counselling, treatment, and life coaching in the
Philippines.

CHERYL C. MISLANG is the
Chairperson of the Natural Science
department and a full-time faculty
member at Jose Rizal University, where
she has taught General Education,
Physics, Chemistry, and Biology courses.
She earned a Master of Science Degree in
Science Education from Ateneo De g
Manila University in 2019. During her master’s studies, she
was a full scholar in the Capacity Building Program for
Mathematics and Science Education (CBPSME) of the DOST
Science Education Institute (DOST-SEI). She has also
completed all academic requirements for a Master of
Education with a specialization in Science at The National
Teachers College, where she previously taught for 14 years.
Aside from teaching, she conducts LET Review, Civil
Service Review, and Classroom Management and Teaching
Strategies Training for educators. Her research interest
centers on new pedagogy trends in Science and STEAM
Education and Laboratory practices in the Philippines.

DR. CABALLES is a Cum Laude
graduate of Philippine Normal University
with the degree of Bachelor of Secondary
Education Major in General Science and
an alumnus of De La Salle University

1)
”

Manila from Master’s up to Doctorate v
level with the degree Master of Arts in
Teaching Major in General Science and &\

Doctor of Philosophy in Science Education Major in Biology
respectively. He is the former Chairperson of the Faculty of
Chemistry and Life Sciences Department, Researcher,
Statistician, and Laboratory Chairman of the Manila Doctors
College (now Manila Tytana Colleges). Dr. Caballes received
Sen. Angara and Sen. Roco's Scholarships during his college
years and was a full scholar of DLSU-Manila in his graduate
studies. He is likewise a Licensed Professional Teacher and a
Civil Service Certified Eligible. He is currently teaching in
the graduate programs of Centro Escolar University, The
National Teachers College, De La Salle-College of Saint
Benilde, Chiang Kai Shek College, and Ateneo de Manila
University.

106



