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ARTICLE INFO ABSTRACT
Received: 16 Jul 2024 Genetics is a fundamental topic in Biology, yet its abstract nature presents challenges in the learning process.
Accepted: 24 Jun 2025 Effective teaching of genetics concepts requires appropriate instructional approaches to facilitate student

understanding. The success of learning outcomes depends on various components, including teachers, students,
learning objectives, content, teaching methods, and assessment strategies. The integration of suitable teaching
techniques and instructional media is essential, particularly when addressing specific learning difficulties faced
by students. This study employed a survey method with a qualitative approach to explore the teaching techniques
used by teachers in delivering the concepts of genes, DNA, and chromosomes to 12th-grade students. The findings
revealed that teachers implement 20 distinct teaching techniques, which are combined into 13 different
instructional strategies to enhance student comprehension. This study provides teachers with insights into various
teaching techniques to address the learning difficulties that students often encounter in understanding genetics.
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INTRODUCTION

The abstract and complex nature of genetic concepts makes it challenging for students to interpret and process in their
thinking, often leading to misconceptions or incomplete understanding (Haskel-Ittah & Yarden, 2018). According to Ojo (2024),
difficulties in grasping genetics may stem from textbook content that is not suited to students' cognitive levels, as well as teachers'
lack of effective instructional strategies, which can result in improper presentation of the concepts. Similarly, Saenab et al. (2016)
emphasized that genetics is one of the most challenging topics in biology, necessitating the use of appropriate teaching methods.
Furthermore, conceptual understanding plays a crucial role in biology education, as it enables students to develop competencies
and apply their knowledge to solve simple problems (Dahlan et al., 2020). Adhani and Rupa (2020) highlighted that conceptual
understanding involves both grasping individual concepts and linking them with related ideas.

Student misconceptions about genetic material have also been widely studied. For instance, Waskito et al. (2020) found that
a lack of understanding of concepts and misconceptions are factors causing high levels of misunderstanding of genetic material
among 12th-grade science students in Pontianak City. Similar findings were observed among 12th-grade high school students in
various regions (Hidayat & Kasmiruddin, 2020; Madukubah et al., 2018; Mulya & Zulyusri, 2022). Machova and Ehler (2023) found
that despite being taught in biology curricula for decades, genetics remains a subject where students continue to hold various
misconceptions. The prevalence of these misconceptions in genetics indicates the need for better lesson planning. Additionally,
the teaching techniques applied to students with misconceptions might need to differ from those for students who need more or
have complete knowledge. Furthermore, the variety of teaching techniques teachers master will significantly assist in finding the
most appropriate technique for each student's learning challenges.

Waskito et al. (2020) found that 12th-grade high school students in Pontianak City exhibited a high rate of conceptual
misunderstandings (39.2%) and misconceptions (33.21%) regarding genetic material. These findings highlight the importance of
assessing the teaching methods employed by educators in classroom instruction. In the context of genetic material concepts, the
rates of misunderstanding and misconceptions are also high, at 39.6% and 31.5%, respectively. An inventory of teaching
techniques for a single material or concept can provide valuable insights and information for teachers to consider in lesson
planning. In this regard, teachers' inventory of teaching mechanisms should encompass the forms of learning activities, learning
approaches, models, methods, teaching techniques, considerations for selecting teaching techniques, the sequence of concepts
taught, student responses, and the challenges teachers face while teaching. This comprehensive information is expected to
provide a thorough basis for consideration and highlight each teaching technique's advantages and disadvantages.
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In this study, an inventory of teaching techniques used by Biology teachers in 20 high schools in Pontianak City was conducted.
This research aims to describe each teaching technique identified, mainly how teachers use them in the learning process. This
study is expected to provide important information about the advantages and disadvantages of each teaching technique used,
thus serving as a guide for teachers, especially those teaching genetic material. The results of this study can also provide helpful
reflection for teachers who have frequently used the same techniques but have consistently achieved suboptimal student learning
outcomes.

MATERIAL AND METHODS

This study used a qualitative survey method to describe the teaching techniques used by teachers in teaching the concepts of
genes, DNA, and chromosomes in 12th-grade high school classes in Pontianak City. The sampling of participants in this study
employed a participatory technique, where data collection was conducted only in schools that granted permission for the
research. Out of the 56 public and private high schools in Pontianak City, only 20 schools granted permission, as evidenced by
response letters for research permission from the school principals and statements of willingness to participate from each Biology
teacher teaching 12t grade.

Data collection in this study was carried out by distributing questionnaires containing questions about the forms of activities,
approaches, models, and methods of learning, teaching techniques, considerations for selecting teaching techniques, the
sequence of concepts taught, student responses, and the challenges faced by teachers when teaching the material on genes, DNA,
and chromosomes in 12th-grade classes. In addition to the questionnaire, data was collected using observation sheets to observe
the presence or absence of each component in the lesson plans (RPP), according to Hudha et al. (2017). Before use, the
questionnaire was validated by two lecturers from the Biology Education Study Program at FKIP Universitas Tanjungpura. Once
deemed suitable for use, the questionnaire was completed by the 12th-grade Biology teachers at each school that agreed to
participate. As proof of data validity, the respective teachers signed the questionnaire after checking the consistency of their
answers with the actual conditions according to the teachers' opinions.

Data analysis was conducted in the following steps:

1. The questionnaire responses were recorded in a reference table to streamline data compilation. The reference table
contains columns corresponding to the questions in the questionnaire. Each column is filled out based on the findings of
each school.

2. Based on the distribution of questionnaire responses from all schools, a recapitulation was conducted for similar answers
from two or more schools that provided the same response. The data was rearranged into a more concise aid table where
the appearance of the same answer is presented in the form of the number of schools using (n) out of the 20 high school
samples analyzed. The recapitulation process was carried out to facilitate the presentation and analysis of descriptive
data.

3. Data presentation was made on tables to facilitate understanding of the results. Each teaching technique was described
descriptively to differentiate them from one another, especially if there were similar teaching techniques but different in
usage and utilization. Recapitulation was also carried out to note the use of teaching techniques combined with other
types. Other data revealed in the questionnaire and observation sheets were also recapitulated and presented
descriptively to elaborate on the concepts, considerations, and ways of using the teaching techniques chosen by the
teachers.

RESULTS

There are 20 teaching techniques used by teachers in 20 high schools in Pontianak City to deliver material on Genes, DNA, and
Chromosomes (Table 1). Among the twenty teaching techniques, 13 schools use a combination of 2-5 teaching techniques. The
single teaching technique found is discussion (2 schools) and student-centered (1 school). In addition to being used singly, the
discussion teaching technique is also most commonly combined with other teaching techniques, namely problem-solving (1
school), question and answer (2 schools), assignments (2 schools), presentation (1 school), question and answer and assignments
(3schools), presentation and question and answer (1 school), presentation and lecture (1 school), question and answer and lecture
(1 school), presentation, mind map, and crossword puzzle (1 school), as well as focus on learning material, repeat things hard,
questionnaire, information technology, and giving & receiving (1 school). Other combinations of teaching techniques are
presentation, lecture, and demonstration (1 school), presentation, literature study, and role play (1 school), and TERPADU, ADLX,
and Introflex (1 school). Furthermore, unique teaching techniques were found, independently developed by the school itself,
namely Study, Exploration, Formulation, Presentation, Application, Worldly, and Hereafter (TERPADU), Active Deep-Learner
Experience (ADLX), and Individualization, Interaction, Observation, Reflection (Introflex), all of which are developed and used at
Al Mumtaz Private High School. These three teaching techniques are even used to teach the material on genes, DNA, and
chromosomes in the respective schools.

Teachers' considerations in choosing teaching techniques can vary even if the teaching techniques are the same (Table 2). For
example, in selecting the discussion technique, there are two different considerations from two schools: School A uses it so that
students can experience the learning process by discovering concepts themselves, according to Teacher A, while teacher B from
School B uses it to activate Problem-Based Learning (PBL). Another example is the same combination of discussion, question and
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Table 1. Types and combinations of teaching techniques used by teachers in teaching Genes, DNA, and Chromosomes material
in 12th-grade high school classes in Pontianak City

Types and Combinations of Teaching Techniques Total of Schools Using (n)
Discussion 2
Discussion and Question & Answer 2
Discussion and Assignments 2
Discussion and Problem-Solving 1
Discussion and Presentation 1
Discussion, Question & Answer, and Assignments 3
Discussion, Presentation, and Question & Answer 1
Discussion, Presentation, and Lecture 1
Discussion, Question & Answer, and Lecture 1
Discussion, Presentation, Mind Map, and Crossword Puzzle 1
Discussion, Focus on Learning Material, Repeat Things Hard, Questionnaire, Information 1
Technology and Giving & Receiving

Presentation, Lecture, and Demonstration 1
Presentation, Literatur Study, and Role Play 1
Student-centered 1
TERPADU, ADLX, and Introflex 1

ADLX = Active Deep-Learner Experience

TERPADU = Telaah, Eksplorasi, Rumuskan, Presentasikan, Aplikasikan, Duniawi dan Ukhrawi (Study, Exploration, Formulation, Presentation,
Application, Worldly, and Hereafter)

Introflex = Individualisasi, Interaksi, Observasi, Refleksi (Individualization, Interaction, Observation, Reflection

Table 2. Teaching techniques and the considerations for their selection by teachers in 20 high schools in Pontianak City in
teaching Genes, DNA, and Chromosome material

Types and Combinations of Teaching

Techniques Considerations for Choosing Teaching Techniques (n)
Discussion So that students can experience the learning process independently by discovering the 1
concepts of genes, DNA, and chromosomes.
To activate Problem-Based Learning (PBL). 1
Discussion and Question & Answer To clarify the conveyed material. 1
So that during the discussion activity, all students can actively participate in learning. 1
Discussion and Assignments So that students feel energized. 2
Discussion and Problem-Solving So that students can interact and exchange experiences/information, solve problems, and 1
be active.
Discussion and Presentation 1. Sothatstudents are active and capable of identifying the structure of DNA, RNA, and
chromosomes, as well as all related processes. 1
2.  Toadjust to the learning objectives and school facilities.
Discussion, Question & Answer, and To facilitate students' understanding of the material taught. 1
Assignments To create two-way learning. 1
So that students are active. 1
Discussion, Presentation, and Question &  Using varied techniques to increase student engagement because of different learning 1
Answer methods from different students.
Discussion, Presentation, and Lecture Adjust to students' abilities, the availability of learning facilities, and classroom conditions. 1
Discussion, Question & Answer, and Lecture To adjust to the learning objectives and classroom conditions. 1
Discussion, Presentation, Mind Map, and To assess the level of student understanding through material explanation. 1
Crossword Puzzle
Discussion, Focus on Learning Material,
Repeat Things Hard, Questionnaire, . e T . . -
Information Technology and Giving & Adjust to students' abilities, the availability of learning facilities, and classroom conditions. 1
Receiving
Presentation, Lecture, and Demonstration So that learning is more meaningful and enjoyable, and students are more active. 1
Presentation, Literatur Study, and Role Play So that students can better understand the material through a more interesting process. 1
Student-centered So that learning is more active and not monotonous. 1
TERPADU, ADLX, and Introflex 1. To adjust to the template used at the school.
2. To make learning meaningful by connecting the concept of genes with lessons or 1

applications in daily life.

*n = total of schools using

answer, and assignment techniques but with different considerations found in three schools. In School A, the teacher uses this
combination to facilitate students' understanding of the material, while in the other two schools, the purpose is to create two-way
learning and to keep students active during the lessons. The same teaching technique chosen with the same rationale by two
different schools was also found. For the rest, the choice of teaching technique was based on one consideration that differed from
one school to another.



4/10 Muftifah et al. / Pedagogical Research, 10(3), em0241

DISCUSSION

The techniques used in teaching Genes, DNA, and Chromosomes material in 20 high schools in Pontianak City vary. The
number of teachers using only one type of teaching technique is fewer than those who combine it with one or more other teaching
techniques. The combination of more than two teaching techniques is found more frequently than the combination of two. The
considerations for using single and combinative teaching techniques are somewhat different, especially in making students more
active or allowing them to experience learning by discovering concepts independently, particularly in encouraging student
engagement. Considerations for selecting combinative teaching techniques different from single teaching techniques are to clarify
and enhance understanding of the conveyed material, provide more varied learning so that students do not feel bored, give
students opportunities to interact more with each other, enhance two-way interaction between teachers and students, and
provide more meaningful and enjoyable learning. Additionally, considerations for selecting combinative teaching techniques are
also aimed at adapting to the conditions of students, school facilities, and classroom conditions. In one of the schools in the
sample, the school has already established considerations for selecting teaching techniques and implemented by the respective
teachers.

Here is an explanation of each teaching technique found in 20 high schools in Pontianak City.
Discussion

Two out of twenty teachers exclusively use discussion as their teaching method. Teacher A's discussion method involves
students first exploring their prior knowledge, followed by group discussions with other students. At the end of the lesson, the
teacher provides reinforcement or aligns perceptions with the students. Meanwhile, Teacher B's discussion method involves
dividing the class into several groups, with each group receiving a worksheet. Each group discusses and presents the results of
their discussion, followed by a Q&A session, and the teacher then facilitates a discussion and draws conclusions. According to
Proctor (2020), group problem-solving techniques focus on finding solutions collectively to a specific problem and making simple
decisions as one type of problem-solving. The ultimate goal is for students to be able to make decisions. However, if the discussion
process ends with the teacher making the final decision, the students' learning process to find solutions or conclusions regarding
the topic discussed remains incomplete. Teachers should still provide opportunities for students to make or summarize the
decisions/conclusions from the discussion process (Osman et al, 2018).

Question and Answer

Seven out of twenty teachers incorporate the question-and-answer technique alongside one or more other teaching methods.
The question-and-answer technique is always combined with discussions, where the Q&A activity is not considered a part of the
discussion itself. In this context, discussions are always the primary teaching technique, followed immediately by Q&A or another
teaching technique, and then Q&A. Thus, teachers do not consider Q&A as the main teaching technique. This is also evident where
Q&A is conducted after assignments and group presentations. The Q&A is aimed at clarifying the material being discussed. This
condition aligns with the opinion of Nephawe and Lambani (2022), who state that using the question-and-answer technique serves
to achieve goals and brings about changes in student behavior, as well as motivating them to ask questions during lessons or
when the teacher poses questions. Q&A can also improve concentration on the lesson, stimulate critical thinking, and enhance
the courage to express opinions (Juliangkary & Pujilestari, 2022).

Presentation

Six out of twenty teachers integrate the presentation technique with other teaching methods. Teachers combine
presentations with one or more other teaching techniques. Presentations are most frequently used alongside discussions but not
as the primary technique. This activity always begins with the teacher assigning tasks, such as completing worksheets or group
assignments, and then students present their work. According to Remsburg and Hagar (2019), using the presentation technique
allows students to work in teams and explore material from various learning sources, fostering independence in the learning
process. Additionally, Sanjaya (2020) adds that the presentation technique can also stimulate students to engage in open
discussions, thereby expanding their knowledge based on information obtained from their classmates.

Assignments

Six out of twenty teachers incorporate the assignment technique, always in combination with one or more other teaching
methods rather than using it independently. Assignments are used by teachers to help students better understand the material
being taught. According to Graham et al. (2023), optimal assignments can improve student achievement. These assignments are
given by teachers as individual or group tasks. Fitriani et al. (2020) state that the learning outcomes from group tasks are lower
than those from individual assignments. This may be due to decreased student responsibility when completing group
assignments. Conversely, the learning outcomes from individual assignments are higher because students feel more motivated to
complete their tasks (Fitriani et al., 2020).

Problem-Solving

One in twenty teachers incorporates the problem-solving technique, but always in combination with discussions rather than
as a standalone method. Problem-solving is an effort to resolve everyday issues using specific thinking processes and steps
(Zuhriyah, 2022). Learning through problem-solving is more effective when teachers facilitate the activity by providing feedback
(Kelly etal., 2016). The combination of problem-solving and discussion involves group discussions to solve problems. In this study,
the problem chosen by the teacher for group discussion was about chromosome structure, considering that chromosomes cannot
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be seen with the naked eye. The discussion steps are expected to help students visualize the abstract concept of chromosomes,
making it easier to understand.

Lecture

The lecture method is used by 3 out of 20 teachers and is not used as a sole technique but combined with two other teaching
techniques. The lecture technique involves the teacher explaining the material. For example, two of the three teachers start by
asking introductory questions and then provide a general explanation of the concepts of genes, alleles, and chromosomes with
the assistance of PowerPoint (PPT) slides. Meanwhile, another teacher explains the material with the help of PowerPoint (PPT)
slides and instructional videos sourced from common platforms like YouTube. This aligns with Fernando and Marikar (2017), who
state that a lecture is an effort to deliver learning orally to students and use PowerPoint slides to provide visual support during the
process. This technique is selected based on learning objectives, classroom conditions, and the availability of school facilities.
According to Aina (2017), if teachers only use lectures to deliver concepts of genes, DNA, and chromosomes without combining
them with other appropriate teaching models and without the use of instructional media, the teaching-learning process may be
perceived as boring, and students may have difficulty understanding the concepts presented by the teacher. On the other hand,
lectures can be more efficient (in terms of time, equipment, and costs) because they can reach many students simultaneously and
are easier to conduct than other techniques. However, the downside is minimal students response, one-way communication, and
it requires teachers to be skilled in explaining to make it more engaging, such as using intonation and rhythm in their voice, as well
as clear articulation (Nainggolan et al., 2023; Sipahutar et al., 2023).

Mind Mapping

One out of twenty teachers incorporates the mind mapping technique. Teachers do not use this technique solely but combined
it with discussion, presentation, and crossword puzzle techniques. Difficulties encountered when teaching the concepts of genes,
DNA, and chromosomes include new terms that students find hard to understand and the extensive use of scientific/Latin
terminology. Therefore, in applying these concepts, teachers provide opportunities for students to create mind maps. According
to Yang et al. (2018), mind mapping visualize thoughts through a tree diagram. With this technique, students are expected to focus
on the main topic and develop subtopics connected to the main topic in a diagram. Thus, the entire content of the topic and
subtopics can be examined more systematically and comprehensively.

Crossword Puzzle

The crossword puzzle technique is used by one out of 20 teachers. This technique is not only used alone but also combined
with discussion, presentation, and mind mapping techniques. The crossword puzzles created by the teacher are completed by
students on topics such as Genes, DNA, and Chromosomes. According to Bheke et al. (2021), this technique can be used to review
material previously taught to students. This review is beneficial as it helps students more easily remember the information
presented. Through completing crossword puzzles, students are expected to find the learning process more enjoyable, active, and
participative, while also fostering a sense of competition, thereby providing greater meaning in the learning process (Agustin et
al., 2021; Bawazeer et al., 2022; Ritonga et al., 2021). Thus, the achievement of learning objectives in cognitive, emotional, and
psychomotor aspects is more likely.

Focus on Learning Material

The focus on learning material technique is used by 1 out of 20 teachers, often combined with discussion, repetition,
questionnaires, information technology, and giving and receiving feedback techniques. The learning process is considered
effective if it can achieve the predetermined learning objectives (Siswondo & Agustina, 2021). Teachers play a crucial role in
ensuring the accomplishment of these learning objectives (Siswondo & Agustina, 2021).

Repeat Things Hard

The Repeat Things Hard technique is used by 1 out of 20 teachers. This technique is also combined with discussion, focus on
learning material, questionnaires, information technology, and giving and receiving feedback techniques. According to Purba and
Zuraidah (2021), repeating material is quite effective during the learning process because it helps students who have difficulty
memorizing the material, thus enabling understanding through repetition and periodic delivery of the material, accompanied by
questions to measure their level of understanding (Purba & Zuraidah, 2021).

Questioner

The Questioner technique is used by 1 out of every 20 teachers. This technique is combined with discussion techniques,
focusing on learning materials, repeating difficult concepts, utilizing information technology, and giving and receiving. According
to Sivarajah et al. (2019), questioning students is done based on learning objectives. If students show no response or answer
incorrectly, teachers can ask simpler questions or questions at a lower cognitive level to guide students to answer the initial
question.

Information Technology

Information technology is used by 1 out of every 20 teachers, combined with discussion techniques, focusing on learning
materials, repetition of difficult concepts, questioning, and giving and receiving. Students can use the internet to obtain additional
information. These activities utilize Google optimally to search for additional materials, complete assigned tasks, and discuss
various topics (Habsy, 2017).
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Giving and Receiving

One in twenty teachers employ giving and receiving technique. This technique is also combined with discussion techniques,
focusing on learning materials, repeating difficult concepts, questioning, and information technology. With peer tutoring,
students can mutually give and receive, or share understanding of concepts, enabling them to independently find solutions to
their challenges and become active and critical thinkers. Feedback should be descriptive and based on direct observations. To be
more effective, observations of student behavior should be compared against established competency levels. Both teachers and
students should have a shared understanding of these activities. Furthermore, receiving feedback can be a challenging task
depending on its message. Feedback providers must consider what needs to be delivered to the receiver. Such determinations are
contextual and require emotional intelligence (Jug et al., 2019).

Demonstration

Demonstration is used by 1 out of every 20 teachers. It combines presentation and lecture techniques. Student demonstration
is a type of assessment that focuses on two activities: observing the process of skill performance and evaluating the products of
students (Nugroho et al., 2021). In this activity, teachers ask students to complete worksheets or assignments, which are then
assessed by the teacher.

Literature Study

Literature study is used by 1 out of every 20 teachers and combined with another technique, which is role-playing. The teaching
technique of literature study involves sparking students' interest through instructional video playback. Subsequently, the teacher
poses questions that stimulate curiosity among students. Following this, students engage in literature study and participate in
discussions. Literature study is an activity aimed at gathering data or sources related to the topic under discussion (Habsy, 2017).

Role Play

The next technique is role-playing, used by 1 out of every 20 teachers. Role-playing is employed in teaching Protein Synthesis
to facilitate students' understanding of the process. Assigning roles as inanimate objects or living organisms can help build
students' imagination and comprehension (Hadiawati et al., 2023). Role-playing offers advantages such as creating a more
engaging and entertaining learning environment, effectively developing and exploring students' talents and potentials, and
enhancing collaboration among students to improve engagement and partnership in learning. However, it often requires more
time and relatively larger space (Rohmanurmeta, 2017).

Student-centered

One in twenty teachers solely employs the student-centered technique without integrating other methods. In its
implementation, students are placed at the center of learning, allowing them to interact with each other. The teacher's role is to
provide stimuli and guidance to help students find answers to the issues they encounter in the material. Lee and Hannafin (2016)
emphasize that in student-centered learning, teachers serve as designers of learning experiences, enabling students to be more
active, independent, and engaged in their own learning.

TERPADU

One in twenty teachers incorporates the TERPADU technique in their teaching, combining it with other methods like ADLX and
Introflex, which are learning models from the Integrated Islamic School Network of Indonesia. TERPADU involves integrated
curriculum approaches aimed at realizing a relevant and meaningful learning process for students (Kurniawan, 2016).

ADLX

ADLX, short for Active Deep Learner eXperience, is used by 1 out of every 20 teachers and is combined with other teaching
techniques. According to Algarny and Mujiburrohman (2023), ADLX involves active learning, where students participate actively
through activities such as discussions, problem-solving, and reflection. Meanwhile, deep learning emphasizes learning that has a
betterimpactand can permanently change students' behavior. The goal of using this technique is for students to apply the positive
values learned in their daily lives (Algarny & Mujiburrohman, 2023).

Introflex

Introflex is an acronym for Individualization, Interaction, Observation, and Reflection (Utami et al., 2024). It is used by one out
of every 20 teachers. Introflex learning requires teachers to understand the uniqueness of each student and to be able to
accommodate these unique needs according to the differing requirements of students (Utami et al., 2024).

Specific actions or techniques are used by teachers to achieve immediate objectives in the classroom, such as the use of visual
aids, games, or group activities to facilitate learning (Hasanova et al., 2021). As found in the results obtained, teachers combine
several techniques in delivering concepts of Genes, DNA, and Chromosomes. The combination of these teaching techniques is
outlined as follows:

1. The combination of discussion, question-and-answer, and assignments is the most commonly used teaching technique
combination. Teachers consider using this combination to facilitate students' understanding of the taught material,
promote two-way learning interactions, and encourage active participation from students in the learning process.
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2. The most commonly used teaching technique combination is discussion and question-and-answer. Teachers choose this
combination to facilitate students' understanding of the taught material, foster two-way learning interactions, and
encourage active participation from students in the learning process.

3. The combination of discussion and assignments is also widely used. Teachers choose this combination to clarify the
material being taught and ensure that during discussions, all students can actively participate in the learning process.

4. Teachers also use a combination of discussion and presentation techniques. Discussions are conducted through
presentations by students either in groups or individually. Students are also given the opportunity to identify as many
unclear points as possible, starting from factual questions to hypothetical ones, and then engage in discussions to align
perceptions.

5. The combination of discussion and problem-solving is used by teachers with the consideration that students can interact
and exchange experiences/information, solve problems, and all remain active without any passive listeners.

6. Teachersalso combine discussion, presentation, and question-and-answer techniques, considering the selection of these
varied techniques so that students can be more active due to their different learning methods.

7. Teachers also use a combination of discussion, presentation, and lecture techniques based on the facilities available and
the students' needs.

8. The combination of discussion, question-and-answer, and lecture techniques is used based on learning objectives and
classroom conditions.

9. The combination of presentation, lecture, and performance demonstration is used based on learning objectives and
classroom conditions. This combination has been effective in enhancing student motivation in understanding concepts
related to Genes, DNA, and Chromosomes. Teachers also find it easier to deliver information as reinforcement for these
concepts.

10. Teachers combine presentation, literature study, and role-playing techniques to help students better understand the
material in a more engaging process.

11. TERPADU, ADLX, and Introflex are combined based on the JSIT template, which incorporates the uniqueness of JSIT due
to its spiritual approach, making learning meaningful by connecting concepts of Genes with moral lessons and their
application in daily life.

12. Discussion, presentation, mind mapping, and crossword puzzles are combined with the consideration of assessing how
well students understand explanations of concepts related to Genes, DNA, and Chromosomes.

13. The combination of discussion, focus on learning material, repetition of difficult concepts, questioning, information
technology, and giving and receiving is used by teachers considering the students' abilities, the availability of learning
facilities, and the classroom conditions.

Among the 13 combinations of teaching techniques and their selection considerations, three perspectives used by teachers
were identified. The first perspective views students as active subjects, evident in three types of teaching technique combinations:
discussion and presentation, discussion and problem-solving, and discussion, presentation, and Q&A. In this perspective, students
have the opportunity to identify aspects they do not understand about the discussed material, interact and exchange
experiences/information, solve problems, and are not just passive listeners but can be more active because each student's
learning style can differ. According to Romiyansah et al. (2020), one of the learning models that position students as subjects is
the inquiry model. By using the inquiry model, students engage in various activities during learning, enabling them to discover
new concepts. These new concepts are those that previously existed but are newly understood by the students.

The second perspective is from the viewpoint of the teacher as the subject. This perspective is most commonly used by
teachers and is based on considerations such as facilitating students' understanding of the material, creating two-way learning,
encouraging students to be more active in learning, and allowing the teacher to assess students' comprehension of the
explanations given. According to Maulani et al. (2021), teacher-centered learning is evident in the use of conventional methods
like lectures and Q&A. The drawback of this perspective is that it positions the teacher as the main source of knowledge in the
classroom, which can affect the development of students' knowledge by limiting change and innovation (Nawafil & Junaidi, 2020).

The third perspective is based on learning objectives and is evident in two combinations of teaching techniques: the
combination of discussion, Q&A, and lecture techniques, and the combination of presentation, lecture, and demonstration
techniques. The selection of these two combinations is considered to align with the learning objectives and classroom conditions.
Buchari (2018) notes that some teachers still struggle to create effective learning conditions and situations. However, in teaching,
teachers are expected to create a conducive environment to enhance learning outcomes. Additionally, if teaching focuses solely
on learning objectives, it can negatively impact on student engagement in the learning process (Abdulla & Woods, 2021).

Essentially, it is crucial to consider all three perspectives: students as subjects, students as objects, and the alignment with
learning objectives. The teacher as a subject is important because the teacher is the classroom manager, thus mastering teaching
techniques is necessary for effective classroom management. However, students also need to have an active role in the learning
process. Mastery of teaching techniques is required for classroom management. On the other hand, a process must be measurable
in its success. Learning evaluation can be conducted if the learning outcomes align with the established learning objectives.

The use of varied teaching techniques based on considerations and lesson plans by teachers in delivering the concepts of
Genes, DNA, and Chromosomes aims to create a more engaging and enjoyable teaching-learning process, allowing students to
actively participate. Although technology is not predominantly mentioned in all teaching techniques, there are still elements of
technology used in the learning process, particularly in the form of multimedia (PPT, videos), internet access, and online
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information retrieval. Each teaching technique has its own strengths and weaknesses, so teachers should carefully consider which
technique to use before delivering the material. The selection of teaching techniques should be based on learning objectives,
content, situation, and conditions, as the same teaching technique may not be suitable for different learning materials (Babayeva,
2023). The provision of positive feedback, the implementation of student-centered teaching methods, and the creation of an
inclusive learning environment are believed to enhance teaching effectiveness (Munna & Kalam, 2021).

CONCLUSION

Teaching techniques for Gene, DNA, and Chromosomes in high schools vary, with most teachers combining multiple methods
to enhance understanding and engagement. Common approaches include discussions, Q&A sessions, presentations,
assignments, problem-solving, lectures, mind mapping, and unique methods like TERPADU, ADLX, and Introflex. Teachers
consider student perspectives, ease of delivery, and curriculum alignment when choosing techniques. The study highlights that a
varied and combined approach improves learning effectiveness.
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