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Abstract

Biology subjects contain abstract concepts, one of which is the concept of the respiratory
system. The number of concepts that need to be mastered and the short duration of active
learning, such as practicum, increase students' cognitive load, students’ initial knowledge is
low, and there is a possibility of misconceptions. This study aims to design an innovative
learning model by synthesizing the results of published research analysis from 2014 -2023.
The results of the analysis of various literature reviews developed a learning model that
integrated the flipped classroom strategy, microlearning, Google Docs technology, 7taps,
and MindMiester. The learning model was developed based on the stages of Ausubel's
theory, which includes advanced organizing, presentation, and reinforcement. The
innovative model developed can be an alternative to reduce cognitive load and increase
students’ prior knowledge and the duration of active learning in class.
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1. Introduction

One of the subjects that emphasizes understanding
concepts is biology. Biology is a science that studies
living things and their environment (Setiawan, 2019;
Urry et al., 2021). Learning biology at school requires
students to understand, apply, analyze conceptual and
procedural knowledge, and apply it to solve problems
(Aqil, 2017; Aripin et al., 2021). This is in line with the
demands of the Indonesia 2013 curriculum, which states
that biology learning emphasizes increasing students'
active role in collecting and rearranging information
from various sources. (Setiawan, 2019). Biology
learning must achieve the four competency objectives of
the 2013 Curriculum which include competencies in
spiritual attitudes, social attitudes, knowledge, and skills
(Agnafia, 2019)

In Indonesia, Biology is a subject known to tend to
be rote (Suryanti et al., 2019). This can cause students to
have difficulty understanding biology lessons because
studying biology is not basically memorizing all aspects
of the material but rather understanding its concepts.
(Yusup, 2018). Regarding the material studied,
biological material is related to concepts from concrete
scientific facts and concepts from abstract objects.
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(Aisyiyah & Amrizal, 2020; Ramadhani et al., 2016)
These material concepts are the basis for understanding
the material being studied. Students may experience
difficulties in studying biology because of the complex
concepts and terms; besides that, biology challenges
students to form an integrated understanding from the
microscopic to the macroscopic scale. (Suryaningsih,
2018; Noviati, 2020).

Biology material has many concepts that must be
understood, so mastery of the concepts is very important
for every student. Mastery of concepts is students'
ability to understand learning material and its
application in everyday life (Astuti, 2017). Various
concepts in biological material and the different ways of
presenting the material by each book author are factors
that trigger the emergence of misconceptions.

Misconceptions refer to a concept that does not
correspond to the actual understanding put forward by
experts in the field. Misconceptions will prevent
students  from understanding the material.
Misconceptions are concepts irrelevant to the opinions
of experts in the field (Ramadhani et al., 2016) and are a
complicated obstacle that should not be ignored. This is
done so that the process of receiving knowledge from
students is not hampered (Siswana et al., 2017).
Misconceptions will make it difficult for students to
understand new material taught by teachers in classes at
a higher level. In fact, most teaching staff do not analyze
or even know the misconceptions of books that will be
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used as learning references in class, so they will impact
learning and understanding of the material on a concept.

Misconceptions in learning often occur in
elementary, middle, high school, and university circles.
Misconceptions will hinder the process of assimilating
new knowledge within students, so it will have an
impact on student success in the subsequent learning
process. This reinforces that misconceptions are
dangerous because they will give people the right
thoughts and feelings in understanding the concept,
which then becomes an obstacle to constructing new
knowledge from the knowledge they believe in.
(Puspitasari et al., 2019). Students' initial knowledge of
the initial concept is wrong, or the concept is correct, but
connecting it to the next is wrong, which becomes the
basis for misconceptions. It is possible that
misconceptions can occur in many groups, including
Generation Z.

Generation Z (Gen Z) was born and raised in the
advancement of digital technology. Gen Z's learning
process relies predominantly on the use of technology
(Andujar & Medina-Lopez, 2019). The use of
technology, such as applications on smartphones or
videos, is preferred by this generation compared to
traditional learning (Szymkowiak et al., 2021).
However, this generation's digital usage skills also have
weaknesses, especially in learning. Generation Z
students have low motivation and learning involvement
(Saxena & Mishra, 2021), tend to give up when given a
difficult challenge (Seibert, 2021), and require active
learning that is rich in learning experiences
(HernandezMenendez et al., 2020). One active learning
that can provide challenges and increase student
motivation and involvement is by using the practical
work-learning method

Practical work is a learning process where students
carry out experiments by experiencing something they
are learning for themselves (Supriatno, 2013). Practical
work has its own advantages compared to other learning
methods, namely: students immediately gain experience
and skills in carrying out practicum, increase student
participation both individually and in groups, students
learn to think through the principles of the scientific
method or learn to practice work procedures based on
the scientific method (Millar, 2004). Practical work is
very effective in achieving all domains of knowledge
simultaneously, including training so that theory can be
applied to real problems (cognitive), training in planning
activities independently (affective), and training in the
use of specific instruments (psychomotor)(Widodo,
2021). However, unfortunately, practicum activities
generally only consist of verification, and there is no
feedback to students because of the short lesson hours.

Short lesson hours hinder the implementation of
school practicums (Rahmah et al., 2021). This obstacle

becomes even more real if no laboratory assistants or
laboratory staff at the school prepare practical activities
(Sudargo & S, 2015). The teacher then needs to prepare
materials and give demonstrations, and students carry
out activities until the lesson is over. Finally, evaluation
or providing feedback to students only takes the form of
making reports, often assessed without feedback. Active
learning activities only improve students' skills in
practical work but do not link the objects/phenomena
found with existing theories (Supriatno, 2013).
Availability of practicum time is essential in carrying
out practicum.

Based on the explanation above, it is known that
some aspects need to be reviewed by teachers so that
Biology learning, especially practical work, becomes
meaningful. ~ Misconceptions of  students' prior
knowledge must be formed before the practicum begins.
Practicum time needs to be more effective so that active
learning and providing feedback on evaluations can be
carried out. Laboratory Activity Design (LAD) must be
by the targets or students, namely Generation Z, who are
growing and developing in the digital world. A designed
LAD should describe the activity, guide students in
finding objects and phenomena in a structured way, and
include a record of the activity (Zidan & Supriatno,
2023). To overcome this problem, a study of learning
strategies is needed, especially a learning model. This
research aims to introduce an innovative learning model
that integrates Flipped Classroom and Microlearning.

2. Method

The literature review method was used in this
research to explore more effective learning models. This
method is used to look at the learning models carried out
in previous research from 2014-2023. The articles
themselves are selected and can be accessed in their
entirety with the help of Google Scholar. The criteria for
articles analyzed are research journal articles with a
focus on learning model innovation. Keywords to focus
on include (1) “Flipped classroom,”  (2)
“Microlearning,” (3) “Respiratory System,” and (4)
“technological innovation.” The results are then
synthesized to become a new learning model innovation
that aims to reduce cognitive load and increase students'
active learning in practical activities at school.

3. Results and Discussion

Search results from various scientific articles
found several study results related to the selected
keywords. The results of this study are explained as
follows. The Integration of each topic. The literature
study results will then be used as an innovative learning
model, which will be explained in the next section.
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Flipped Classroom

Flipped Classroom is a learning strategy that 'flips'
the learning conditions. The condition in question is the
traditional learning model where learning is done in
class and assignments are done at home (Iglesias-Pradas
et al., 2021). In a flipped classroom, learning is done at
home or outside the classroom. Students are given
concepts or material outside of class via online videos,
or other media sources that can be accessed easily
(Zainuddin et al., 2022).

Students who have learned through the flipped
classroom process will have a deeper understanding and
have more time to apply their understanding or students
will have more time in active learning (Zainuddin et al.,
2019). In a flipped classroom, the teacher acts as a
facilitator who guides students through planned
activities such as answering questions or providing
feedback. The use of the flipped classroom is often used
for material that requires in-depth understanding, one of
which is Biology (Carrasco et al., 2019). Flipped
classroom is a classroom management technique that is
used to provide a longer learning experience and
activities in the classroom compared to traditional
learning.

Previous research shows that the use of a flipped
classroom can increase student engagement in classroom
learning (Zainuddin et al., 2019). This classroom
management technique can also help students be better
prepared to receive knowledge during learning
(Carrasco et al., 2019). This management can be
integrated with various types of technology to provide
tasks or provide feedback (Lo & Hew, 2020; Zainuddin
et al., 2022). It can be said that this class management
helps teachers to increase student motivation and
involvement and provides more time in this case for
Biology practicum activities.

Microlearning

Microlearning can be interpreted as learning
activities on a small scale. Microlearning is used as a
strategy in designing learning content into small,
focused segments. Microlearning according to Olivier,
(2021) oriented towards packaging learning content into
specific parts with the hope that: (1) it will be easier to
understand, through the use of user friendly technology;
(2) synchronous and asynchronous diversity; (3) ease of

access to material by users; (4) enhanced resources; and
(5) use of interesting features in the Learning
Management System (LMS). Microlearning can also be
interpreted as bite-sized content which focuses on
essential material with a short learning time, namely less
than 15 minutes (Kao, 2019).

The application of Microlearning in learning will
also motivate students to learn quickly and hone their
creative abilities (Carter & Youssef-Morgan, 2022).
Microlearning can also make learning material easier to
understand and remember for a longer time. This is
possible because microlearning presents knowledge or
information in small parts so that students are able to
digest, understand and remember more easily. (Leong et
al., 2022). Microlearning can be integrated with
technology that is more attractive to generation Z. Short
content can increase student retention, helping make
students more active in the learning process.
Microlearning can also be integrated when learning is
not yet underway, resulting in an interesting learning
model for students.

Flipped Classroom Integration with Microlearning
as a Learning Model Innovation

This learning model innovation is based on
Ausubel's theory which reveals that at the beginning of
learning students must try to activate the knowledge
they have. Students then link the information they have
with the information provided by the teacher and then
end by strengthening the connection between concepts
(Widodo, 2021). This learning model innovation is
based on Ausubel's theory which reveals that at the
beginning of learning students must try to activate the
knowledge they have. Students then link the information
they have with the information provided by the teacher
and then end by strengthening the connection between
concepts. The model innovation process designed is
adapted to the strategies and technologies previously
discussed, namely the flipped classroom and
microlearning strategies as well as Mindmeister and
7taps technology. The learning method used is the
practical method. Other technologies such as Google
Docs, YouTube, virtual labs or assessment platforms
such as Kahoot! and Quizizz can also be integrated in
the proposed model. Details of the innovative learning
model designed are explained in Table 1.

Table 1. Flipped Classroom Integration with Microlearning as a Learning Model Innovation

Student’s Structure Stage Teacher’s Structure Strategy/Methods Technology
. . Providing direction for . . Ttaps
Activate existing Advance students to learn through Integration - of - Flipped (Linked to
knowledge outside the . S - Classroom and .
Organizer applications outside of . . Youtube, Virtual
classroom Microlearning .
class Lab & Quiz)
Construction of new Presentation Guiding  students in E-LAD Gooale Docs
knowledge in the practical work in the (Practical Work) g
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Student’s Structure Stage Teacher’s Structure Strategy/Methods Technology
classroom classroom
. Directing students to
Organize new concept build relationships Assignment to create
structures with the Reinforcement P g Mindmeister

help of Applications applications

between concepts and Concept Maps

Based on Table 1, it can be explained that in the first
stage (advance organizer) students will activate the
knowledge they already have outside the classroom with
the flipped classroom strategy. The teacher will give
directions to students to learn through the 7taps
application outside of class to provide initial knowledge
to students. In the 7taps application, links have been
designed that direct student to learning resources such as
YouTube, virtual labs for practicums, or quizzes to
enrich students' knowledge. The use of 7taps is intended
to make learning content easy to understand or bite-
sized content, thereby increasing student knowledge
retention. On 7taps there is also a link that directs the
LAD that students will carry out at the next meeting.
This is intended so that students can prepare themselves
either by reading the LAD or watching the YouTube
practicum. Integration of these initial stages is important
to increase students' initial knowledge and extend
practicum time as active learning.

In the second stage (presentation), students will
construct new knowledge in the classroom by
discovering objects or phenomena from the practicum
carried out. Because students have been provided with
knowledge or theory outside of class, students are
expected to be more active in practicum. The LAD
which is created in digital format is also expected to
help students fill in and get immediate feedback after
filling it out. This also helps teachers in student
assessment, especially in large classes. The Google Docs
application was chosen because it is the most familiar,
does not require a lot of bandwidth and the teacher can
control all student participation that has been filled in.
The activity continues until all groups find the
object/phenomenon and complete the questions on the
LAD.

Longer time after the practicum can be used as
reinforcement or the third stage of this model
innovation. Students will organize the structure of new
concepts with the help of the Mindmeister application.
The teacher will give instructions to form a concept
maps (mindmaps) with propositions so that he can
identify which students are conceptualizing. Students
will also strengthen the relationship between concepts
with this application because it is interactive and can be
done with the help of students' smartphones. The teacher
will provide justification if there is a wrong concept of
the proposition made by the student. This is important to

strengthen students' concepts so that they can be better
understood by students.

All stages of the innovation model have a level
of flexibility where they can be used in other topics or
chapters that use practicum methods. Integration with
other technologies can also be done because there are
links that can be saved either in Google Docs, 7taps or
Mindmeister. Ease of access using smartphones is also
the reason that this model can be a solution to the
proposed problem formulation.

Implementation of Flipped Classroom Integration
with Microlearning in Respiration Topic

The implementation of innovative learning models
is exemplified in the respiratory system material. The
choice of this material was based on the fact that it had
abstract material with practical activities as active
learning. This material has basic competencies
according to the revised 2013 curriculum which can be
seen in Table 2.

Table 2. Basic Competencies and
Achievements in Respiratory System Topic
Basic Competencies (K.13 Revisi)
3.8 Analyze the relationship between the structure of
the tissues that make up the organs in the respiratory
system and relate it to the bioprocess so that it can
explain the respiratory process and functional
disorders that may occur in the human respiratory
system through literature studies, observations,
experiments and simulations.
4.8 Presenting the results of analysis of abnormalities
in the structure and function of
respiratory/respiratory organ tissues that cause
disorders of the human respiratory system through
experiments in various forms of presentation media

Learning

Based on Table 2, it is known that this material has
abstract material, especially on the analysis of the
relationship between the structure of the tissues that
make up the organs in the respiratory system and the
bioprocesses that occur. One method for teaching
students about this concept is through practicum.
Practical work on measuring factors that influence the
respiratory system in animals can be implemented. The
Ausubel theory-based learning model can be applied in
stages including advance organizer, presentation and
reinforcement. The implementation of learning model
innovations is explained in Table 3.
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Table 3. Implementation of Flipped Classroom Integration with Microlearning in Respiration Topic

Condition Stage Description Learning Model Innovation
Outside Students understand essential Microlearning on 7taps helps students
Class Advance concepts via 7Taps application. understand  concepts  easily.  Flipped
(Flipped Organizer Classroom helps students master the
Classroom) material earlier before practicum
Outside Students understand the practical E-LAD makes it easier for students to access
Class Advance procedures in E-LAD with the help of practical plans, 7taps can be integrated with
(Flipped Organizer (2)  demonstrations or simulations YouTube links (demonstrations) or virtual
Classroom) labs (simulations)
Inside Students carry out practical activities E-LAD is used as a guide for practical
Class with the help of E-LAD. Students are activities. Microlearning helps with prior

Presentation  better prepared because they have knowledge. Flipped Classroom helps extend

prior knowledge. Active learning active learning time.
time for students becomes longer
Inside Students fill in their observations and E-DKL can be used as a medium to provide
Class Reinforcement questions via E-LAD. feedback and measure the participation of
students working in groups
Inside . Students organize and strengthen new  Teachers provide feedback to students with
Reinforcement . . . : . .

Class/ @) co_ncepts_ by creating propositions via misconceptions both online and orally.
After Class Mindmeister.

The Laboratory Activity Design will be converted
into E-LAD form which will then be uploaded to the
Google Docs platform. Teachers can provide feedback
or check student participation in group learning with
Google Doc. Student contributions are recorded in the
contribution history section. The E-LAD that has been
prepared will be shared in the form of a link. The link
from E-LAD will be inserted on 7Taps so that it can be
accessed by students. In the application there is also a
link that directs students to access YouTube to see
demonstrations of practical activities. If possible, there
is a link that directs you to a simulation platform in the
form of a virtual lab. Using this strategy, it is hoped that
students will have the freedom to seek knowledge that is
considered easy for students to understand. This is one
example of applying feedback to students on Google
Docs is illustrated in Figure 1.

Selected text | 1. Melalui kegiatan praktikum, s.

@ Zuliande Zidan 2208398 v
P 7:41AM Today -
Apakah tujuan ini dapat tercapai melalu
prosedur praktikum?

Selected text | Menjelajahi Dunia Respirasi pad

g ?uliaﬂdc Zidan 2208398 v !

7:41 AM Today
Untuk judul terlalu hiperbola

Figure 1. Providing Feedback in Google Docs

Based on Figure 1., it is known that teachers can
interact with students and assess students' parts in real-
time. This can help students to correct incorrect or
erroneous concepts related to the material being studied.
The essential material presented in the 7taps application
is explained in Figure 2.
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Saluran terbesar Trakea- Stig - o
disebut Tral

Tracheae

Sistem respirasi
pada serangga
terdiri atas
saluran yang
bercabang.

L

Figure 2. Respiratory System Essential Material on the
Ttaps Application

The essential material described in Figure 2 is
arranged according to the microlearning concept. It is
recommended that essential material use images and
content that does not contain too much writing. In the
final stage, namely strengthening, students will make
meaningful propositions via Mindmeister. The way
teachers check the accuracy of concepts is seen from
propositions, for example in Figure 3.

Figure 3. Example of Propositions for Insect
Respiratory System Topic on Mindmeister

Based on Figure 3., the bolder colored parts of the
row indicate propositions that students can form. The
more complex the mindmaps formed by students, the
easier it is for teachers to identify student
misconceptions. Teachers can provide input verbally or
online to students who indicate misconceptions. This
stage is expected to strengthen students' understanding
of concepts through a learning model based on Ausubel
theory. The provision of mindmeister is expected to take
place during learning hours. However, if you don't have
time, you can do it after the end of the learning hour
because the teacher can still provide feedback online via
the application.

4. Conclusion

The flipped classroom strategy as an innovation
model based on Ausubel theory can be an alternative for
reducing cognitive load, increasing students' prior
knowledge and the duration of active learning in class.
This strategy is integrated with technology, namely
7Taps as Microlearning and Mindmeister as

strengthening  students' concepts by  forming
propositions from the concepts they have learned. The
E-LAD is used to facilitate the assessment process and
support the interests of generation Z who are close to
digital. Learning model innovations can be implemented
in various subjects with the same scheme. However,
further testing stages of the proposed learning design are
needed to measure the effectiveness of the strategy
design. It is hoped that this Ausubel theory-based
learning model innovation can make practical activities
more interactive and support the needs of generation Z
who is growing and developing in the digital world.

5. Acknowledgement

Thank you to Dr. Bambang Supriatno, M. Si and Dr.
Riandi, M. Si and every person who has contributed to
this research. Hopefully the results of this research can
be useful in increasing knowledge and becoming a step
in advancing Biology learning innovation.

References

Agnafia, D. N. (2019). Analisis Kemampuan Berpikir
Kritis Siswa Dalam Pembelajaran Biologi.
Florea : Jurnal Biologi Dan Pembelajarannya,
6(1), 45,
https://doi.org/10.25273/florea.v6i1.4369

Aisyiyah, A. T. P., & Amrizal, A. (2020). Penerapan
Pendekatan  Saintifik (Scientific Approach)
Dalam Pembelajaran Biologi Sma. Jurnal Pelita
Pendidikan, 8(4), 215-223.
https://doi.org/10.24114/jpp.v8i4.20856

Andujar, A., & Medina-Lopez, C. (2019). Exploring
new ways of eTandem and telecollaboration
through the WebRTC protocol: Students’
engagement and perceptions. International
Journal of Emerging Technologies in Learning,
14(5), 200-217.
https://doi.org/10.3991/ijet.v14i05.9612

Agil, D. I. (2017). Literasi Sains Sebagai Konsep
Pembelajaran Buku Ajar Biologi Di Sekolah.

Wacana Didaktika, 5(02), 160.
https://doi.org/10.31102/wacanadidaktika.v5i02.5
9

Aripin, I., Hidayat, T., Rustaman, N., & Riandi. (2021).
Pengembangan Program Perkuliahan Biologi
Konservasi Berbasis Citizen Science Project. J.
Pedagogi Hayati, 5(1), 1-9.

Astuti, L. S. (2017). Penguasaan Konsep IPA Ditinjau
dari Konsep Diri dan Minat Belajar Siswa.
Formatif: Jurnal Ilmiah Pendidikan MIPA, 7(1),
40-48.
https://doi.org/10.30998/formatif.v7i1.1293

Carrasco, C. J., Fernandez, J., Gomez, M., & Vera, J. R.
(2019). Effects of a gamification and flipped-
classroom program for teachers in training on

134

Copyright © 2023, 1JER, p-1SSN 2541-2132, e-1SSN: 2541-2159



Available online at: http://ijer.ftk.uinjambi.ac.id/index.php/ijer
1JER, 8 (2), 2023, 129-136

motivation and learning perception. Education
Sciences, 9(4).
https://doi.org/10.3390/educsci9040299

Carter, J. W., & Youssef-Morgan, C. (2022).
Psychological capital development effectiveness
of face-to-face, online, and Micro-learning
interventions.  Education and Information
Technologies, 27(5), 6553-6575.
https://doi.org/10.1007/s10639-021-10824-5

HernandezMenendez, M., Escobar Diaz, C. A, &
Morales-Menendez, R. (2020). Educational
experiences with Generation Z. International
Journal on Interactive Design and
Manufacturing, 14(3), 847-859.
https://doi.org/10.1007/s12008-020-00674-9

Iglesias-Pradas, S., Hernandez-Garcia, A., Chaparro-
Peldez, J., & Prieto, J. L. (2021). Emergency
remote teaching and students’ academic
performance in higher education during the
COVID-19 pandemic: A case study. Computers
in  Human Behavior, 119(October 2020).
https://doi.org/10.1016/j.chb.2021.106713

Kao, R. M. (2019). Tips on Constructing Inclusive and
Equitable  Guided Microlearning  Inquiry
Questions to Clarify Topics in General Biology.
Preprints.
https://doi.org/10.20944/preprints201912.0236.v
1

Leong, K., Sung, A., Au, R., & Lee, C. (2022). A Study
of Preferred Learning Time of Online Learner in
Multimedia Microlearning in Higher Education
Context. Online Journal for TVET ..., 2, 11-23.
https://penerbit.uthm.edu.my/ojs/index.php/oj-
tp/article/view/10820%0Ahttps://penerbit.uthm.e
du.my/ojs/index.php/oj-
tp/article/download/10820/5243

Lo, C. K., & Hew, K. F. (2020). A comparison of
flipped learning with gamification, traditional
learning, and online independent study: the
effects on students’ mathematics achievement
and cognitive engagement. Interactive Learning
Environments, 28(4), 464-481.
https://doi.org/10.1080/10494820.2018.1541910

Millar, R. (2004). The role of practical work in the
teaching and learning of science. October.

Olivier, J. (2021). Creating Microlearning Objects
Within ~ Self-Directed Multimodal Learning
Contexts. Microlearning in the Digital Age,
April, 169-188.
https://doi.org/10.4324/9780367821623-15

Puspitasari, Y., Reza, S. P. K., Bachtiar, Y., & Prayitno,
B. A. (2019). Identifikasi Miskonsepsi Materi
Jaringan Tumbuhan Pada Mahasiswa Pendidikan
Biologi Di Salah Satu Universitas Di Surakarta.
BIOEDUKASI (Jurnal Pendidikan Biologi),

10(2), 171
https://doi.org/10.24127/bioedukasi.v10i2.2494

Rahmah, N., Iswadi, I., Asiah, A., Hasanuddin, H., &
Syafrianti, D. (2021). Analisis Kendala
Praktikum Biologi di Sekolah Menengah Atas.
Biodik, 7(2), 169-178.
https://doi.org/10.22437/bio.v7i2.12777

Ramadhani, R., Hasanuddin, & Asiah. (2016).
Identifikasi Miskonsepsi Siswa pada Konsep
Sistem Reproduksi Manusia Kelas XI IPA SMA
Unggul Ali Hasjmy Kabupaten Aceh Besar.
Jurnal llmiah Mahasiswa Pendidikan Biologi,
1(2), 1-9. https://doi.org/10.1111/j.1750-
3841.2011.02348.x

Saxena, M., & Mishra, D. K. (2021). Gamification and
gen Z in higher education: A systematic review
of literature. International Journal of Information
and Communication Technology Education,
17(4), 1-22.
https://doi.org/10.4018/1JICTE.20211001.0a10

Seibert, S. A. (2021). Problem-based learning: A
strategy to foster generation Z’s critical thinking
and perseverance. Teaching and Learning in
Nursing, 16(1), 85-88.
https://doi.org/10.1016/j.teln.2020.09.002

Setiawan, A. R. (2019). Efektivitas Pembelajaran
Biologi Berorientasi Literasi Saintifik. Thabiea :
Journal of Natural Science Teaching, 2(2), 83—
94. https://doi.org/10.21043/thabiea.v2i2.5345

Siswana, R., Armen, & Helendra. (2017). ldentifikasi
Miskonsepsi Materi Fotosintesis pada Siswa
Kelas IX SMPN 7 Padang Menggunakan Tes
Diagnostik Two Tier Multiple Choice. Jurnal
Biosains, 1(2), 277-284.

Sudargo, F., & S, S. A. (2015). Kemampuan Pedagogik
Calon Guru Dalam Meningkatkan Kemampuan
Berpikir Kritis Dan Keterampilan Proses Siswa
Melalui  Pembelajaran  Berbasis  Praktikum.
Jurnal Pengajaran Matematika Dan Ilmu
Pengetahuan Alam, 15(1), 4.
https://doi.org/10.18269/jpmipa.v15i1.287

Supriatno, B. (2013). Pengembangan Program
Perkuliahan Pengembangan Praktikum Biologi
Sekolah Berbasis ANCORB untuk
Mengembangkan Kemampuan Merancang dan
Mengembangkan Desain Kegiatan Laboratorium.
In Rep. Indonesia University of Education.

Suryaningsih, Y. (2018). Penerapan Pembelajaran
Biologi Berbasis Al-Qur’an Sebagai Metode
Untuk Pembentukan Karakter Siswa. Jurnal Bio

Educatio, 5(December), 118-138.
https://jurnal.unma.ac.id/index.php/BE/article/vie
w/855

Suryanti, E., Fitriani, A., Redjeki, S., & Riandi, ).
(2019). Identifikasi Kesulitan Mahasiswa Dalam

135

Copyright © 2023, 1JER, p-1SSN 2541-2132, e-1SSN: 2541-2159



Available online at: http://ijer.ftk.uinjambi.ac.id/index.php/ijer
1JER, 8 (2), 2023, 129-136

Pembelajaran Biologi Molekuler Berstrategi
Modified Free Inquiry (Identification of Student
Difficulties in Molecular Biology with Modified
Free Inquiry Learning Strategy). Perspektif
Pendidikan Dan Keguruan, 10(2).

Szymkowiak, A., Melovi¢, B., Dabi¢, M., Jeganathan,
K., & Kundi, G. S. (2021). Information
technology and Gen Z: The role of teachers, the
internet, and technology in the education of
young people. Technology in Society, 65,
101565.
https://doi.org/10.1016/j.techsoc.2021.101565

Urry, L. A., Cain, M. L., Minorsky, P. V., Wasserman,
S. A, & Orr, R. B. (2021). Campbell Biology. In
B. N. Winickoff & P. Burner (Eds.), Pearson
Education (12th Editi).

Widodo, A. (2021). Pembelajaran llmu Pengetahuan
Alam Dasar-Dasar untuk Praktik. In M. Iriany
(Ed.), UPI Press. UPI Press.

Wiwi Noviati. (2020). Kesulitan Pembelajaran Online
Mahasiswa Pendidikan Biologi di Tengah
Pandemi Covid19. Jurnal Pendidikan Mipa,
10(1), 7-11.
https://doi.org/10.37630/jpm.v10i1.258

Yusup, I. R. (2018). KESULITAN GURU PADA
PEMBELARAN BIOLOGI TINGKAT
MADRASAH/SEKOLAH DI PROVINSI JAWA
BARAT (Studi Kasus wilayah Priangan Timur).
Jurnal BIOEDUIN : Program Studi Pendidikan
Biologi, 8(2), 34-42.
https://doi.org/10.15575/bioeduin.v8i2.3187

Zainuddin, Z., Farida, R., Keumala, C. M., Kurniawan,
R., & Iskandar, H. (2022). Synchronous online
flip learning with formative gamification quiz:
instruction  during COVID-19. Interactive
Technology and Smart Education, 19(2), 236-
259. https://doi.org/10.1108/ITSE-01-2021-0002

Zainuddin, Z., Shujahat, M., Chu, S. K. W., Haruna, H.,
& Farida, R. (2019). The effects of gamified
flipped instruction on learner performance and
need satisfaction: A study in a low-tech setting.
Information and Learning Science, 120(11-12),
789-802.  https://doi.org/10.1108/ILS-07-2019-
0067

Zidan, Z., & Supriatno, B. (2023). BIODIK: Jurnal
llmiah  Pendidikan Biologi  Analisis dan
Rekonstruksi Desain Kegiatan Laboratorium
Mitosis Akar Bawang Merah (Allium cepa)
melalui  Model ANCOR  (Analysis and
Reconstruction of Laboratory Activity Design:
Mitotic of Allium cepa using ANCOR mode. 09,
37-49. https://online-journal.unja.ac.id/biodik

Copyright © 2023, 1JER, p-1SSN 2541-2132, e-1SSN: 2541-2159

136



