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Introduction

Abstract: In the context of implementing the independent curriculum, a
differentiated learning approach is an important strategy by giving freedom
to teachers and learners. This research aims to analyze various learning
models, media, and the impact of implementing biology learning with a
differentiated approach to support 21st century skills. The method used is a
systematic analysis that follows the PRISMA guidelines. The results showed
that the implementation of biology learning based on a differentiated
approach can support critical thinking, creativity, collaboration, and
effective communication skills. The applied learning model includes PBL
(Problem Based Learning), PjBL (Project Based Learning), and DL
(Discovery Learning), each of which supports content, process, and product
differentiation. The learning media used include teaching modules, puzzles,
images, educational videos, canva, worksheets, presentation slides, audio,
and posters. Thus, the application of appropriate learning models and media
in Biology learning in accordance with the diversity and learning needs of
students has a positive impact on the development of students' 21st century
skills, such as problem analysis, exploration, solutions, and effective
communication.
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The differentiation approach is a teaching strategy
that aims to adjust the needs of learners' learning

Biology learning is one of the lessons that discusses
phenomena based on scientific facts, so it is not
uncommon for students to consider Biology learning as
complex and abstract learning. Biology content not only
discusses scientific phenomena in daily life but also the
relationship between living organisms and their
environment (Sayan & Mertoglu, 2020). In learning
Biology content, a differentiated learning approach is
needed to be able to accommodate the diverse
characteristics and learning styles of students in the
classroom. Through a differentiated approach, it is
expected that teaching can be tailored to students' needs
and interests, so that students can be engaged and
motivated to learn.

How to Cite:

methods, considering that classes often consist of
individuals with diverse backgrounds, thus creating a
more meaningful and increasingly relevant learning
experience in an educational context (Koimah et al.,
2024). There are three strategies to implement
differentiated learning where the teacher acts as a
facilitator who creates a variety of teaching methods,
namely content differentiation, process differentiation
and product differentiation. However, the approach
should not be separated from the aspects of learning
readiness, interest, and student learning profile
(Mahfudz, 2023). By implementing differentiated
learning, it is expected that learning is interactive and
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can increase learner involvement and be more motivated
to learn (Rohmah & Zulfitria, 2024).

Optimal learning focuses not only on the acquisition
of knowledge, but also on the development of relevant
skills, especially in the 21st century, which include life
and career skills, learning and innovation skills, and
information, media, and technology skills (Pare &
Sihotang, 2023). In this context, the 4C skills, namely
Critical Thinking, Communication, Creative Thinking,
and Collaboration, are key to preparing students for an
ever-changing world (Sugiharti & Gayatri, 2021). To
support this, education policy needs to be oriented
towards a student-centered approach, emphasizing
active learning methods (Pertiwi et al., 2022).

Education policy transformation aims to harmonize
the education system to achieve better changes
(Muktamar et al., 2024). The Independent Curriculum
provides freedom for students, teachers, and schools to
innovate in education, encourages students' active
participation in the learning process and creates an
innovative and inclusive learning environment
(Lembong et al., 2023). Different learning approaches,
particularly in biology, are designed to meet the unique
needs of each student, allowing them to explore the
material according to their abilities and needs (Halimah
et al., 2023).

However, to implement this learning strategy
effectively, teachers need to have the latest ideas and
innovations in using appropriate teaching methods and
models, so that students are more motivated to engage
in the entire learning process (Farid et al., 2022;
Bendriyanti et al., 2022). The independent curriculum
also emphasizes the importance of developing 6C skills
which include critical thinking, Creativity,
Collaboration, = Communication, Character, and
Citizenship (Candrikaningtyas et al., 2024). In this case,
the context of the Pancasila Student Profile
Strengthening Project, where an understanding of
biology contributes not only to scientific knowledge but
also to developing a sense of responsibility and concern
for the environment (Lasaiba, 2023; Zulaiha et al., 2023).
By integrating these skills into differentiated learning,
students can be trained to become more collaborative,
creative, and critical thinkers (Avandra & Desyandri,
2022).

Based on the explanation of the issues and potential
solutions above, the purpose of this study was to
conduct a systematic literature review to identify
various learning models, media, and their impact in
biology learning that can support 21st century skills.
Analysis of the various learning models and media used
identified best practices accepted by educators. This
research is also expected to provide deeper insights into
effective learning strategies to enhance students' 21st
century skills. Thus, the findings of this study contribute
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to the development of more innovative and relevant
learning in the current educational context.

Method

The method used in this study was a Systematic
Literature Review (SLR). This approach served as the
methodology for collecting, identifying, and analyzing
studies related to the implementation of Biology
learning using a differentiated approach within the
Independent Curriculum. The SLR method applied in
this research was as follows (Habibi & Manurung, 2023;
Dinter et al., 2021).

Research Questions

Q1: What models have been used for Biology learning
with a differentiated approach in the implementation
of the Independent Curriculum?

Q2: What learning media have been utilized in the
application of Biology learning with a differentiated
approach in the Independent Curriculum?

Q3: What impacts have resulted from the
implementation of Biology learning using a
differentiated approach in the Independent
Curriculum?

These questions provided a deeper understanding
of the application of the differentiated approach in
Biology learning.

Study Selection Criteria

Table 1. Inclusion and exclusion criteria

Criteria Inclusion Exclusion
Year of 2020-2024 <2020

publication
Article type Journal of original Review articles,
scientific research editorials, opinions,
conference proceedings,
thesis/ dissertation
Text Full text available Only the abstract or part
availability of the text
Access Open access Paid/limited
Methodology Clear research Methodology is unclear
Methodology or incomplete
Research Focus on learning ~ Not related to biology
subject biology with a learning or
differentiated differentiated approach

approach

Indexation & Has a DOI Does not has a DOI

Reputation

The second stage involved the literature search or
identification of relevant journals and articles through
academic databases such as Scopus, Google Scholar,
Garuda, and ScienceDirect. A systematic search was
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conducted using a combination of Boolean operators
(AND, OR, NOT) with the following keywords: "biology
learning" OR "biology education" AND ("differentiated
approach" OR ‘'differentiated teaching"); ("freedom
curriculum" OR ‘"independent curriculum") AND
("biology teaching" OR '"biology learning"); ("21st
century skills" OR "21st century competencies") AND
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"biology education." The study selection process
followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) protocol, as
illustrated in the flow diagram (Figure 1). Only articles
that met the inclusion criteria were selected for further
analysis. Below is the table of inclusion and exclusion
criteria.

Records removed before screening:

| =
2 Records identified from: Duplicate records (n = 140)
g Databases (n = 224) # Records marked as ineligible by automation
£ Registers (n = 10) tools (n = 40)
ﬂ Records removed for other reasons (n = 30)
y
Records screened Records excluded
n=24) (n=5)
i
E‘ Reports sought for retrieval Reparts not retrieved
g in =19 ™ h=3)
o
@
A Reports excluded:
Reports as,?:,s:s?dﬁ:lfnrellglhlllty - data does not yet contain
— differentiated learning (n = 19)
New studies included in review
z (n=7)
% Reports of new included studies
£ (n=7)

Figure 1. The flow of article selection used in SLR using the PRISMA model (source:
https:/ /estech.shinyapps.io/ prisma_flowdiagram/

Study Quality Assessment

The third stage was quality assessment. In this
research, study assessment using an instrument from the
Joanna Briggs Institute (JBI) Critical Appraisal Checklist.
Yes (2 points), unclear (1 point), and No (0 points), and
N/A (no points). Articles that scored at least 70% of the
total maximum points were included in the review. The
quality assessment process was conducted through
double-blind review by two independent reviewers to
ensure the objectivity of the assessment. If there are
differences in assessment between reviewers, a
discussion was held to reach an agreement. In the event
that consensus was not reached, a third reviewer was
involved as an arbiter to provide the final assessment.

Data Extraction and Synthesis

The data extraction process was carried out by
creating an extraction form based on predetermined
research questions. At this stage, the author determined
the extraction elements used, as seen in Table 2. The
extracted data was then implemented in MS Excel,
enabling further data synthesis to identify patterns.

Table 2. Category and detail tables for data extraction
and synthesis

Category Details

The main focus of the research

Learning model and/or learning media
used in differentiated learning

Research topic
Learning Models
and Tools
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The data synthesis was presented in the form of
graphs to recap the frequency of each goal category to
provide an overview of the research findings. Then the
author has conducted an in-depth analysis of the
information that has been collected with the aim of
understanding the relationship between the various
elements extracted, as well as evaluating the learning
models and media related to the relevance and
effectiveness used in the context of differentiated
learning. After that, the author has organized the data in
an orderly manner and visualized it through graphs to
help identify significant patterns and make it easier for
the author to compose a clear narrative about the
research findings.

Reporting and Using the Results

The final stage in this research was the presentation
of the findings obtained in the form of tables and graphs.
This included the learning model with a differentiated
approach, the media used in differentiated learning, and
the impact of implementing biology learning with a
differentiated approach. After that, the researcher drew
conclusions that summarize the results of the analysis
and provide answers to the research questions. In this
process, the author also compared the results obtained
with previous research and relevant theories, thus
providing a broader context.

Result and Discussion
Table 3. Identity and characteristics of the article

Author publ\i(:aa’;:rf Research purposes
Thurrodliya 2024 Application of Differentiated
hetal. Problem-Based Learning (PBL)
Model to Improve Biology

Learning Outcomes

Cahya et al. 2023 Analysis of Student Characteristics
as Basifor Differentiated Learning

to Enhance Student Collaboration

Rahmah et 2023 The effect of Applying
al. differentiated teaching materials
based on multiple intelligence on

students' critical thinking skills

Novitasary 2023 Application of project-based
learning to improve learners'

communication skills

Karlina et al. 2022  Implementation of the Pancasila

Learner Profile in the Independent
Curriculum Changes in Biology
Learning in Kuningan Regency
High School

Analysis of Pancasila Student
Profile in the Learning Process of
High School Biology in the
Curriculum Merdeka Mandiri
Belajar

2023 Analysis of Students' 21st Century
Skills in Biology Learning

At'haya et al. 2023

Putri et al.
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Based on the analysis presented in Figure 1, a total
of 234 articles were obtained at the identification stage.
Then, articles were selected using the quality assessment
from JBI instruments, resulting to 7 articles. Table 3 and
4 shows the results of the analysis of the obtained
articles.

Table 4. Research topic, learning models and tools

Biology Topics Learning Models and ~ 21st Century Skills

Tools (4C)

Innovative PBL model; and Critical thinking
conventional  modules with modern
biology biotechnology
technology material, Learner
Worksheets (LKPD).

Conventional PBL model; and Collaboration

biotechnology teaching materials, (cooperation,

communication to
achieve common

and the impact learning videos,
of puzzle shopping,

biotechnology pictures, posters. goals, positive
interdependence,
social coordination).

Ecosystem Discovery learning Critical thinking

model; and skills
differentiated
teaching module.

Biodiversity PjBL model; and Communication
canva, pictures, slide skills
presentation, posters.

Biodiversity Project-based learning Critical thinking,

model, problem-based creative

learning model; and

teaching module.
Biodiversity Models of discovery  Critical reasoning,
learning, problem- creativity,
based learning, collaboration.

project-based

learning; and audio,

video, presentation

slides.
Biology 21st century learning Critical thinking,
Materials model creativity,
communication,
collaboration.

Q1: What models have been used for Biology learning
with a differentiated approach in the implementation of
the Independent Curriculum?

The differentiated learning approach used in
developing 21st century skills must certainly encourage
contextual learning and be experienced directly by
students in the Biology learning process. This can create
and have a meaningful essence obtained during the
Biology learning process. Based on the results of the
study, in the bar chart below there are learning models
used in differentiated learning, especially Biology
learning materials.
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H Problem
Based
Learning

m Discovery
learning

Project
Based
Learning

Figure 2. Model often used in differentiated learning

The Problem Based Learning (PBL) model
emphasizes solving real problems that encourage
learners to think critically and collaborate in
investigations. The application of PBL in differentiated
learning is effective in training students' critical
thinking, collaboration, innovation, and communication
skills (Nawati et al., 2023; Aprilianti & Siswandari, 2024).
In the context of ecosystem material, the variety of cases
in the LKPD can be adjusted to the level of learning
readiness of students. Students with early stage learning
readiness are given simpler problem-based LKPDs,
while more prepared students are given more complex
cases (Maulani et al., 2023). This suggests that PBL can
be used to differentiate biology content as well as
develop collaboration, independence, and critical
thinking skills.

In process differentiation learning, students with
early learning readiness receive more attention and
guidance during group discussions compared to more
prepared students, with the aim that they can construct
knowledge according to their individual learning needs.
Suhardi et al. (2023) revealed that differentiated learning
integrated with PBL on metabolic system material
showed attitudes of cooperation, independence,
creativity, and critical reasoning. Research by Irma &
Prafitasari (2023) also shows that the application of
differentiated-based PBL models can increase the
interest and activeness of students, so that learning
outcomes are in accordance with the learning objectives
of interaction materials in the ecosystem.

The PBL process consists of several phases. The first
phase is problem orientation, where the teacher
provides problems that are then analyzed by students.
The second phase organizes students by forming groups
according to the learning styles obtained from the initial
diagnostic test. The third phase is group investigation
guidance, where students are free to conduct learning
activities according to their preferred learning styles,
such as using videos for visual learning styles, articles
for auditory, or direct observation for kinesthetic. The
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fourth phase is the presentation and development of
work, where students present the results of group
discussions. The fifth phase involves analyzing and
evaluating the problem-solving process, where
researchers and students summarize the results, reflect,
and evaluate student learning outcomes.

Minasari & Susanti (2023) shows that content and
process differentiated learning can respond to the
diversity of learning styles of students. Students with
visual learning styles are presented with infographics
about circulatory system disorders (hypertension),
while students with auditory learning styles receive
recordings, students with audio-visual learning styles
are presented with videos, and students with reading
and writing learning styles are given material through
blogs. Students with kinesthetic learning style were
given the opportunity to practice using tensimeter. The
results show that differentiated Biology-based learning
has a positive effect on students' attitudes in learning.

In addition, research by Shafira et al. (2023) on the
application of PBL based on product differentiated
learning shows that students with visual learning styles
can choose the final product in the form of posters,
illustrated stories, or comics to explain the results of
ecosystem observations in the school environment.
Students with audio learning styles can create podcasts
or short videos, while kinesthetic students can
demonstrate school activities using props or tools. The
results of this study show that differentiated-based PBL
has a positive impact by creating a more meaningful
learning experience, because learning is centered on
students by considering their individual learning styles.

PjBL that applies the concept of differentiation not
only encourages cooperation in projects, but also
strengthens learners' self-confidence and academic
outcomes. In the context of PjBL, learners receive
activities that are tailored to their respective cognitive
levels. Learners can determine and create the final
product to solve the problem according to their interest
needs (Purba et al., 2024). For example, in learning about
biodiversity, learners can determine and create a final
product to solve problems related to the preservation of
certain species or the impact of climate change on
ecosystems. This fosters a sense of comfort and
willingness to openly exchange answers with peers.

This collaborative learning structure provides
personalized instruction, which is beneficial for
challenging high-achieving learners and helping those
who are still developing. With peer support, low-
achieving learners feel empowered to overcome
challenges and develop the skills needed to answer
higher-order questions (Fajrina et al., 2024). This finding
is in line with current learning principles that prioritize
collaboration, critical thinking, interaction, sensitivity,
and competency development.
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Differentiated learning programs that use learner
worksheets that include projects provide opportunities
for learners with different levels of understanding to be
actively involved. In this context, learners with low
initial abilities are assisted more intensively than
learners with higher initial abilities. Sulistiani (2024)
revealed that a differentiated learning program using
worksheets containing STEM is effective in improving
creative problem solving (CPS) skills. These worksheets
are designed to attract attention by stimulating the
imagination and curiosity of learners, as well as
emphasizing the practical application and relevance of
learning materials in everyday life. Through the STEM
projects undertaken with the worksheet, each group is
given the freedom to choose the resulting product,
allowing learners to hone critical thinking, collaboration
and communication skills. It can also develop
communication skills when presenting their work
(Sutarini et al., 2024). By designing tasks that encourage
creative thinking, learners will be trained to look for new
and innovative solutions, which overall contributes to
the development of science process skills and CPS.

Differentiated learning wusing the Discovery
Learning (DL) model provides learning experiences that
hone science process skills in discovering concepts. For
example, on the material of the body's circulatory
system, learners are preceded by a learning video to
generate stimulus, followed by observation and problem
identification. Each group is then given a learner
worksheet (LKPD) as part of the process differentiation,
where they conduct group discussions to collect and
process data according to their respective learning
styles. Visual learners solve problems by reading
posters, readings, and presentations, while auditory
learners solve problems by watching and listening to
videos about the circulatory system. Kinesthetic
students are given practicum activities related to the
material. After completing the LKPD, each group
presented the results of their discussion, which was then
responded to by other groups, ending with a joint
conclusion. This process helps learners apply the
dimensions of 21st century learning skills such as
independence, collaboration, and problem solving. Ilma
et al. (2024) also confirmed that differentiated learning
can meet the needs of learners with various learning
modalities, including visual and kinesthetic.

In applying the DL model, product differentiation
learning is done by giving learners the freedom to
express their answers through various products, such as
drawings. In addition, the division of groups with the
names of scientists and the use of virtual laboratories are
part of the process differentiation. Content
differentiation is done by adjusting teaching materials
based on learners' learning abilities and readiness; for
example, learners with low readiness are given video
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shows, while those who are more prepared are given e-
modules. In the data collection stage, learners are
allowed to find references from various sources,
including learning videos, books and journals. The
verification stage involves presenting the group work
report in front of the class, where other groups conduct
peer assessment to check the accuracy of the data
presented. Sari et al. (2024) argue that the application of
the DL model has a positive effect on students' concept
mastery and critical thinking skills.

The learning process starts with a problem that
learners discover, which emphasises their ability to
identify and critically analyse problem-solving efforts.
Group discussions, an integral part of the DL model,
help learners master the material and solve problems
independently. The syntactic stages of the DL model
train learners' thinking processes from finding
problems, identifying, collecting, processing, proving, to
drawing conclusions, aligning with the learning
principles in the independent curriculum that focus on
learners, collaboration, and critical thinking. Jannah et
al. (2020) explained that the application of the DL model
in biology learning has a positive impact on students'
science process skills. In this process, learners are trained
to formulate hypotheses, plan and conduct experiments,
and observe and interpret data. DL learning encourages
learners to be more enthusiastic in learning, as they are
involved in investigations that generate new
knowledge. For example, nature exploration activities
around the school environment, which include various
locations such as rice fields, gardens, sea, and lakes
(Santi, 2023), show how differentiated learning can
accommodate learners' diversity, build collaboration,
and create a fun learning environment.

Q2: What learning media have been utilized in the
application of Biology learning with a differentiated
approach in the Independent Curriculum?

Based on the results of the study, learning media
used to assist differentiated learning in Biology include
differentiated teaching modules, learner worksheets
(LKPD), teaching materials, learning videos, learning
puzzles, pictures, posters, canva, slide presentations,
audio learning. The following is a pie chart showing the
learning media used in differentiated learning in biology
learning.

Learning modules are designed to present material
in various formats and levels of difficulty depending on
the needs of the students. For example, in the topic of
ecosystems, the module may include descriptive text,
graphs, images, and case studies on the impact of
environmental damage due to human activities on
habitats. Learning modules also accommodate various
learning styles such as visual by utilising infographics
and auditory by listening to narratives that explain
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concepts (Lailiyah & Mas'ud, 2024). Research by
Rahmawati et al. (2023) revealed that the science
learning module on the topic of biotechnology provides
an increase in effectiveness for differentiated learning
where students' responses that the topic of
biotechnology is very interesting with very practical
criteria. This is also supported by research by Variacion
etal. (2021) revealing that there is a significant difference
between non-differentiated learning modules and
differentiated learning modules developed, where
respondents believe that differentiated activities

developed in learning modules encourage learner-
centred learning.

m Teaching module

B learner worksheet
(LKPD)
Teaching materials
Learning video

m Puzzle shopping

B Image

M Poster

m Canva
B Slide presentation

B Audio

Figure 3. Media used in differentiated learning

Learner worksheets (LKPDs) contain activities
designed to help students understand the material with
the guidance of exercises and group tasks. For example,
in a biotechnology topic, the LKPD contains an activity
that asks learners to analyse the process of making
fermented wine, including drawing a diagram
explaining the stages of fermentation, and explaining the
role of yeast and amylase in the process. By providing
these activities, learners with kinesthetic learning styles
can engage in simple experiments, such as making wine
from fruit by following a planned fermentation
procedure, and inferring the impact of fermentation on
the flavour and aroma of the wine. This supports the
development of collaborative skills according to
students' learning styles based on difficulty levels, such
as biology learning activity projects tailored to the
material studied (Marzuki & Silvia, 2023). Research by
Zuhra et al. (2021) revealed that the learning model
combined with student worksheets can improve
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learning outcomes in guided inquiry on the structure
and function of plant tissues compared to learning using
conventional strategies. Not only that, research by Safitri
& Tanjung (2023) revealed that STEM-based LKPD on
virus material was effective in improving science
literacy skills from pretest scores to post-test scores by
70%.

Supporting  biology teaching materials in
differentiated learning are also presented in various
formats, such as text, images, graphics, and 3D
interactive. For example, in learning about biodiversity,
students can access textbooks that include photos of
species, habitat distribution charts, and scientific articles
on the impact of environmental change. In addition,
supporting learning styles using learning videos is very
effective in visualising the concept of learning materials
in the form of animations and demonstrations (Mazaimi
& Sary, 2023). Then to make more memorable
information about a concept, it can also use poster
support with graphic designs that present it in a concise
and attractive manner so that it is useful for better visual
learning (Ningrum et al., 2021).

The utilisation of various learning media can
provide a more diverse learning experience in
differentiated learning, thus attracting student attention
and helping to meet the needs of different learning
styles. Julianti et al. (2022) revealed that the use of
multimedia in the form of animated videos has an
influence and is very effective on learning. This is
because it combines text, narration and animated
graphics to make it easier for students to remember
information. For example, on the material of ecosystem
components without having to study outside the
classroom but can be seen in the classroom. Weng et al.
(2020) argue that the importance of using other
interactive digital media that can visualise abstract
concepts for understanding and structure of an object
model, such as the use of augmented reality (AR) media
as a supplement to biology learning. Thus, the
application of a variety of digital media in
differentiation-based biology learning can facilitate
students' understanding and meet the needs of learning
styles, making lessons more interesting.

Q3: What impacts have resulted from the
implementation of Biology learning using a
differentiated  approach in the Independent
Curriculum?

Learning with a differentiated approach in Biology
lessons has been proven to be able to foster and improve
21st century skills in students. Based on the results of the
study, the 21st century skills that are often discussed in
differentiated learning include critical thinking skills,
creativity, collaboration and communication skills, as
can be seen in the following diagram.
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m Critical thinking

Creativity
0,
Collaboration
Communication

Figure 4. 21st century skills developed in differentiated
learning

In Figure 4, the critical thinking skills aspect is seen
as a percentage of skills that are often developed in
school learning. It is in differentiated learning that
students are trained to analyse real-world problems
based on information that has been gathered in greater
depth. By engaging in tasks that require critical
evaluation, students develop the ability to assess
situations from multiple perspectives, making them
relevant and evidence-based. Qorib (2024) argues, that
indications of critical reasoning can be shown through
answering the questions given. This can be attributed to
the high compatibility between different learning styles
which is done to train various mental skills when
proposing various discussions and expressing opinions,
and enabling learners to think (Al-Shehri, 2020). For
example, in the topic of climate change, students can
analyse global temperature data and formulate
arguments about mitigation measures that need to be
taken. This process encourages students to evaluate
different ideas and make informed decisions, leading to
effective solutions.

In the aspect of creativity skills, differentiated
learning encourages students to explore various
solutions in completing tasks, fostering innovative
thinking and creative problem solving. Students can
tailor their learning experience to their individual
learning styles, thus enhancing their ability to generate
new ideas and unique solutions (Safi'i et al.,, 2024).
Research by Solihah et al. (2023) revealed that learning
that is projected into various product differentiations
can accommodate learners' skills to increase their
creativity, such as infographics, power points, and
videos. For example, in the ecosystem topic project with
the issue of urban flooding, the form of analysis of the
news broadcast is the impact of flooding on ecosystem
components, causes of flooding, initiatives. This is also
supported by Atmojo et al. (2025), that the project-based
learning model based on differentiated learning has an
influence on creative thinking skills by providing deeper
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insights. Thus, this approach not only fosters creativity,
but also prepares students for complex problem-solving
tasks in their future academic and professional
endeavours.

In terms of collaboration skills, this is an important
part of differentiated learning, where students are
trained to work in groups. For example, in the topic of
excretory system, students are divided into groups to
conduct urine content tests to observe the characteristics
of urine, chloride content, protein content, comparing
the urine of normal people with diabetic patients.
Research by Kanyugi et al. (2024) revealed that learning
with a differentiated approach increases learner
participation, such as participating in group discussions
to ask questions, provide explanations, answer
questions, experiment, compare results and conclude.
Students often work in groups to share ideas and diverse
perspectives, thus enriching discussions and teaching
the importance of respecting other people's opinions
(Wahyuningsih et al., 2024). This collaboration not only
improves understanding of the material, but also equips
students with interpersonal skills that are critical in the
world of work.

In terms of communication skills, differentiated
learning allows students to communicate with each
other in designing projects, making projects, discussing
project results and project presentations in groups. The
ability to express ideas by presenting them in front of the
class makes them familiar with oral communication
(Kurniahtunnisa et al.,, 2023). Research conducted by
Amalia & Siburian (2025), revealed that biology learning
oriented towards differentiated learning can improve 4C
skills, one of which is communicative skills to prepare
students to have 21st century abilities. For example, in
the context of the immune system, students prepare
project presentations on various role play props of
immune system components and their functional
disorders, which help them hone their communication
skills and answer analysis questions posed by other
groups. Thus, improved communication makes learners
active in the learning process and makes it easier to
understand information.

But of course, differentiated learning has
challenges. The challenges faced in learning biology
using differentiated learning such as the lack of teacher
understanding and the time needed to design
differentiated learning. Putri et al. (2024) revealed that
teacher difficulties in planning learning include
formulating  learning  objectives,  determining
assessments, and choosing appropriate learning
strategies and media. Not all teachers have
implemented all aspects of differentiated learning such
as content, process, and product differentiation. Some
teachers only implement differentiated learning on
content by providing diverse learning resources
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(Mardiyah & Solihat, 2023). In this case, the solution is
for educators to be provided with training on teachers'
understanding of learning paradigms and practices that
are aligned with the independent curriculum, school
management support, readiness of facilities and
infrastructure, and involvement of school partners to
design differentiated learning that can reduce workload
By providing appropriate support to educators, the
existing challenges can be overcome, so that
differentiated learning can be implemented more
effectively and have a positive impact on student
development.

Conclusion

The diversity of students' needs and learning styles
is the basis for implementing a differentiated approach.
Through a differentiated approach that is tailored to
student learning characteristics, it is expected to
accommodate student learning skills such as critical
thinking skills, collaboration, communication, and
creativity through applied learning models such as
problem-based learning (PBL), project-based learning
(PjBL), and discovery learning (DL). The application of a
differentiated approach through several learning
models also does not escape the use of various types of
media in supporting the Biology learning process, such
as teaching materials in the form of print, visual or audio
that can support the objectives of the Independent
Curriculum in developing students' 21t century skills.
Through the application of appropriate learning models
and media in learning Biology can have a positive
impact on the development of 21st century student
learning skills such as analyzing problems, exploration,
providing solutions, and the ability to communicate
their findings, so that differentiated Biology learning can
accommodate students' learning abilities optimally.
Therefore, future researchers and educators can
implement differentiated learning according to the
diversity and learning needs of students in learning
Biology by understanding student characteristics and
collaboration between teachers and students.
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