Proceedings of the 7th International
Scientific and Practical Conference
«Science: Development and Factors NO

its Influence» 289
(April 6-8, 2026). | C
Amsterdam, Netherlands NTERLONF

SdenTIFc PUbLEHNG CenTen

PEDAGOGY AND EDUCATION

The Role of Gamification and Interactive
Methods in Teaching Amino Acids
in Chemistry Lessons

Orujov Yahya Agayar’, Nagiyev Khalil Jamal?, Abishov Nasim Ajdar?,
Pashayeva Arzu Abulfat*

! Master’s student;
Baku State University, Republic of Azerbaijan

? Chemistry faculty, chemistry teaching methodology,
head of the department, doctor of chemical sciences, professor;
Baku State University, Republic of Azerbaijan

3 Doctor of Pedagogical Sciences, Professor;
Baku State University, Republic of Azerbaijan

4 Chemistry teaching methodology department, teacher;
Faculty of Chemistry, Baku State University,; Republic of Azerbaijan

Abstract. The teaching of amino acids in chemistry lessons often presents
considerable difficulties for students because this topic requires the
simultaneous understanding of molecular structure, functional groups,
classification, acid-base behavior, stereochemistry, and biological relevance.
Traditional lecture-based instruction may provide theoretical information, yet it
does not always ensure deep conceptual understanding or lasting engagement. This
article examines the pedagogical value of gamification and interactive methods in
the teaching of amino acids. It argues that game-based learning, collaborative
tasks, visual modeling, case-based instruction, and digital interaction can
transform a conceptually dense topic into a more accessible and meaningful
learning experience. Gamification increases motivation, ©participation, and
persistence, while interactive methods strengthen conceptual connections and
encourage analytical thinking. The paper also proposes a lesson design framework
that integrates card games, molecular modeling, group discussion, classification
tasks, and real-life applications. It is concluded that the combined use of
gamification and interactivity not only improves students’ comprehension of amino
acids but also supports the development of problem-solving, communication, and
scientific reasoning skills in chemistry education.
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Introduction. Modern chemistry education increasingly
emphasizes learner-centered teaching, conceptual
understanding, and the active participation of students in
the learning process. Within this context, the topic of amino
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acids occupies a special place because it stands at the
intersection of organic chemistry, biochemistry, and everyday
life sciences. Students are expected to identify amino and
carboxyl groups, distinguish between essential and non-
essential amino acids, classify side chains, explain
amphoteric properties, and relate amino acids to proteins and
metabolism. These cognitive demands often make the topic
abstract and difficult, particularly when it is taught only
through explanation and memorization[1l].

Recent developments in chemistry education suggest that
active and game-based instructional approaches can improve
students’ interest and their ability to retain complex
content. Research on educational games in chemistry has shown
a long and expanding tradition of use, while recent meta-
analytic evidence indicates that game-based learning can
positively influence motivation in chemistry classrooms. In
addition, a 2024 study specifically designed a card game for
amino acid learning and demonstrated the practical relevance
of game-supported instruction for this topic. The purpose of
this article 1is to analyze the role of gamification and
interactive methods in teaching amino acids and to present
practical methodological directions for chemistry lessons.
The article is based on a review of recent pedagogical
literature in chemistry and biochemistry education and
develops a methodological framework suitable for secondary
and introductory higher education contexts [2-4].

Scientific Novelty. The scientific novelty of the study
is determined by the fact that amino acid teaching 1is
approached through the combined pedagogical potential of
gamification and interactive methods, and a learner-centered
instructional framework 1is proposed to enhance conceptual
comprehension, engagement, and the practical relevance of
chemistry learning.

The Pedagogical Difficulty of Teaching Amino Acids. Amino
acids are not difficult merely because of terminology. Their
complexity lies 1in the need to move constantly between
symbolic, structural, and functional levels of understanding.
A student must not only memorize the formula of glycine or
alanine, but also interpret the relationship Dbetween
structure and property, understand ionization states, and
connect the topic to protein structure and biological
function. When instruction focuses mainly on definitions,
students often remember isolated facts without understanding
how the concepts are related. Another challenge is that amino
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acids are dynamic chemical entities. Their acid-base behavior
changes with pH, and their zwitterionic nature is not always
easy to visualize. Studies that wuse titration-based and
spreadsheet-supported exploration of amino acid protonation
show that interactive handling of data can make these abstract
equilibria more understandable. This indicates that students
benefit when amino acids are not treated as static textbook
drawings, but as chemically active systems that can be
explored through inquiry and manipulation.

Gamification as a Tool for Motivation and Retention.
Gamification refers to the incorporation of game elements
such as rules, points, competition, missions, rewards, and
immediate feedback into learning environments. In chemistry
teaching, gamification is valuable not because it entertains
students superficially, but because it transforms repetition,
classification, and problem-solving into purposeful learning
activity [5-7].

The pedagogical power of gamification in amino acid
instruction is especially strong in three areas. First, it
increases emotional involvement. Students are more willing to
participate when the task is framed as a challenge rather
than as routine memorization. Second, it supports repeated
retrieval, which 1is essential for remembering amino acid
names, structures, and classifications. Third, it promotes
collaborative reasoning because many chemistry games require
learners to justify choices, compare options, and negotiate
answers with peers. Recent chemistry education research has
documented the motivational benefits of game-based learning,
and broader reviews of chemistry games also show that
educational games have become an established instructional
strategy rather than a marginal classroom novelty.

A particularly relevant example is the “Amino-structure”
card game developed for amino acid learning in biochemistry
classes. This approach demonstrates that the topic can be
taught not only through lecture and note-taking, but also
through structured play that links molecular recognition with
decision-making and peer interaction. The significance of
this example lies in its direct focus on amino acids, making
it highly transferable to chemistry lessons where students
need to distinguish structures, side chains, and categories.

Interactive Methods in Amino Acid Teaching. While
gamification improves engagement, interactive methods deepen
understanding. Interactive chemistry teaching is based on the
principle that knowledge Dbecomes more meaningful when
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students discuss, manipulate, compare, construct, and explain
concepts themselves. For amino acids, this is particularly
important because students often need support in moving from
visual recognition to chemical interpretation.

One effective method is card sorting and classification.
Students can sort amino acids according to polarity, charge,
hydrophobicity, or nutritional classification. This kind of
activity reduces the Dburden of rote memorization and
encourages analytical comparison. A second method is
molecular modeling. Physical or digital models help students
visualize chirality, side-chain differences, peptide bond
formation, and the connection between amino acid sequence and
protein structure. Research on active models for protein
dynamics and on augmented reality tools for macromolecular
structure suggests that interactive visualization
significantly improves comprehension of abstract biochemical
forms and processes. A third method is case-based learning.
Instead of teaching amino acids only as isolated compounds,
the teacher may present short «clinical or nutritional
situations, such as the role of essential amino acids in human
diet, the importance of phenylalanine metabolism, or the
chemical basis of protein denaturation. Case-based curricula
in biochemistry education show that contextualized learning
strengthens relevance, discussion, and conceptual transfer.

A fourth method is collaborative problem-solving. Small-
group activities, guided discussion, and in-class active
learning sessions have been shown to improve student
engagement 1in Dbiochemistry instruction. For amino acid
lessons, this can include predicting the net charge of an
amino acid at different pH values, explaining which amino
acids are more 1likely to be found in hydrophobic protein
regions, or building peptide sequences from given cards.

A Methodological Lesson Framework. A well-designed lesson
on amino acids may combine gamification and interactivity in
a coherent sequence. The lesson can begin with a motivational
challenge 1in which students are shown several molecular
structures and asked to guess which ones belong to amino acids
and why. This activates prior knowledge of functional groups.
The second stage may involve a mini-game based on amino acid
cards. Each card can include the name, structural formula,
side-chain clue, and a hidden category. Students work in
groups to match structures with categories such as acidic,
basic, polar uncharged, and nonpolar. Points may be awarded
for both speed and correct explanation. This ensures that

2 2 This work 1s distributed under the terms of the Creative
Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 7th International
Scientific and Practical Conference

«Science: Development and Factors NO

its Influence» 2 8 9

(April 6-8, 2026). | C
Amsterdam, Netherlands NTERLONF

SdenTIFc PUbLEHNG CenTen

PEDAGOGY AND EDUCATION

competition i1s balanced by reasoning. The third stage can
focus on interactive conceptualization. Students create a
comparison chart of amino acids, identify common structural
features, and discuss why amino acids can behave as both acids
and bases. Here the teacher can introduce pH-dependent forms
and use diagrams or spreadsheet-supported visualization.

The fourth stage may include application and transfer.
Learners solve a short real-life task, for example: “Why are
amino acids important for muscle growth?”, “Why does pH affect
the Dbehavior of amino acids?”, or “How does amino acid
sequence influence protein properties?” This stage links
chemistry to biology and health education. The lesson should
end with reflection and formative assessment. Instead of a
conventional recall quiz only, students may complete an exit
task such as writing one rule they discovered, one
misconception they corrected, and one real-life connection
they understood. This transforms assessment into a tool for
metacognition [8].

Educational Value of This Approach. The integration of
gamification and 1interactive methods produces several
important pedagogical outcomes. It increases student
motivation, reduces passive listening, and turns content
review into active participation. It also improves conceptual
clarity by allowing students to classify, manipulate, and
interpret amino acids rather than memorize them mechanically.
Moreover, this approach supports broader educational aims:
communication, teamwork, argumentation, and scientific
literacy. Importantly, the wvalue of gamification should not
be reduced to reward systems alone. Its real strength lies in
structuring learning as meaningful action. When game elements
are aligned with chemical reasoning, they promote not only
enjoyment but also accuracy, persistence, and deeper
cognitive processing. Interactive methods complement this by
ensuring that students explain what they do, compare
alternative ideas, and build conceptual relationships across
chemistry and biology.

Table 1
Teaching Amino Acids through Gamification and Interactive Methods
Method Focus Outcome
Card game Structure recognition Better retention
Group sorting Classification Deeper understanding
Modeling Molecular structure Visual learning
Case discussion Real-life relevance Higher engagement
Interactive quiz Review Immediate feedback
This work is d{strf@uted under _the terms of [17:_9 Creat'fve 2 3
Commons Attribution—-ShareAlike 4.0 International License

(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 7th International
Scientific and Practical Conference
«Science: Development and Factors NO

its Influence» 289
(April 6-8, 2026). | C
Amsterdam, Netherlands NTERLONF

SoenTIF PubLiHNG CenTe

PEDAGOGY AND EDUCATION

Table 1 systematizes the principal gamification and
interactive strategies applied 1in teaching amino acids,
together with their specific learning focus and expected
educational outcomes. The data presented in the table indicate
that the integration of these methods enhances conceptual
comprehension, improves retention, increases student
engagement, and contributes to a more effective and learner-
centered chemistry lesson.

Conclusion. The teaching of amino acids requires more
than explanatory instruction Dbecause the topic involves
structural diversity, acid-base behavior, classification, and
biological significance. Gamification and interactive methods
offer a productive pedagogical response to these challenges.
Game-based tasks can increase motivation and retention, while
interactive methods such as modeling, classification,
collaborative learning, and case analysis help students build
deeper and more flexible understanding. Therefore, the
teaching of amino acids in chemistry lessons should be
organized through a balanced combination of cognitive
challenge, visual support, student collaboration, and
purposeful play. Such an approach makes the topic more
accessible, more memorable, and more closely connected to the
real scientific and biological world. In this sense,
gamification and interactivity are not supplementary
decorations of chemistry teaching; they are meaningful
methodological tools for improving the quality of learning.
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