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Abstract

Students need critical thinking, creativity, communication and collaboration skills to face and adapt to
social change, so that students can survive and compete well in social life. The aim of the research is to
describe the critical thinking, collaboration, communication and creativity skills of high school students in
biology learning. The research was carried out in August-September 2023. The research population was
high school students in Magetan Regency. The research sampling technique was cluster sampling and the
research sample was 539 high school class students. Data collection techniques used questionnaires on
critical thinking skills, communication, collaboration and creativity. This research instrument is a
questionnaire in the form of a questionnaire with 5 Likert scales. Quantitative descriptive research data
analysis techniques. The research results show that high school students' critical thinking and creativity
skills are in the medium and low categories compared to communication and collaboration skills. The
results of the research can be used as a reflection for teachers or future researchers as a follow-up to
empower students' critical thinking, communication, collaboration and creativity skills in implementing the
Merdeka Curriculum.
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Abstrak

Siswa membutuhkan keterampilan berpikir kritis, Kkreativitas, komunikasi, dan kolaborasi untuk
menghadapi serta beradaptasi dengan perubahan sosial, sehingga mereka dapat bertahan dan bersaing
dengan baik dalam kehidupan sosial. Penelitian ini bertujuan untuk mendeskripsikan keterampilan berpikir
kritis, kolaborasi, komunikasi, dan kreativitas siswa SMA dalam pembelajaran biologi. Penelitian
dilakukan pada bulan Agustus—September 2023 dengan populasi penelitian yaitu siswa SMA di Kabupaten
Magetan. Teknik pengambilan sampel menggunakan cluster sampling dengan jumlah sampel penelitian
sebanyak 539 siswa SMA. Teknik pengumpulan data menggunakan kuesioner tentang keterampilan
berpikir kritis, komunikasi, kolaborasi, dan kreativitas. Instrumen penelitian ini berupa kuesioner dengan
5 skala Likert. Analisis data penelitian menggunakan teknik deskriptif kuantitatif. Hasil penelitian
menunjukkan bahwa keterampilan berpikir kritis dan kreativitas siswa SMA berada pada kategori sedang
dan rendah dibandingkan dengan keterampilan komunikasi dan kolaborasi. Hasil penelitian ini dapat
digunakan sebagai refleksi bagi guru atau peneliti selanjutnya dalam upaya memberdayakan keterampilan
berpikir kritis, komunikasi, kolaborasi, dan kreativitas siswa dalam implementasi Kurikulum Merdeka.

Kata kunci: Pembelajaran Abad 21, Keterampilan 4C, Kurikulum Merdeka, Revolusi Industri 4.0
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Introduction

The Industrial Revolution 4.0 brings a
change in the educational paradigm that
focuses on knowledge and the application of
innovation in learning (Satriani, 2022).
Facing the Industrial Revolution 4.0 is not an
easy thing, so preparing everything related to
this is a must (Daulay et al., 2021). In facing
the Industrial Revolution 4.0 and global
competition in the 21st century, the quality of
education must continue to be improved. One
of the efforts to improve the quality of
education in Indonesia, is by empowering
students' skills in accordance with the needs
of the 21st century in the Industrial
Revolution 4.0 so that students can compete
globally. Kasih et al. (2019) If today's
students want to compete globally, then
students must have critical thinking,
communication, collaboration, and creativity
skills known as 4C skills.

Critical thinking skills are generally
seen as very important skills in equipping
individuals to participate in society (Zanden
et al., 2020). Critical thinking skills enable
students to process the information they
receive logically. Through critical thinking
skills students can determine which
information is important, irrelevant or useless
(Amin et al., 2020). Students who have good
critical thinking skills are able to solve
problems more effectively (Wahidin &
Romli, 2020). Apart from that, critical
thinking skills are an important component of
learning, because critical thinking skills are
one of the things that determine students'
academic success in learning (Amin et al.,
2020), so it is important for teachers to equip
students with these skills (Ramdani et al.,
2021). Zanden et al. (2020) conveyed that
critical thinking skills are important for
students for the transition from high school to
university.

Supporting critical thinking skills
requires skills related to the transfer of
information between humans, known as
communication skills (Jalinus et al., 2023).
Communication skills are one of the basic
skills that a person must master during
physical development and mental growth
(Oktavia & Ridlo, 2020). In line with opinion
Laar et al. (2020) that communication skills
are important for all sectors of life, these
skills relate to a person's ability to process

and convey information to a wide audience.
According to Khan et al. (2017) in the process
communication skills involve the ability to
listen, speak, read, and write. The
communication process is successful if the
message is conveyed clearly and easily
understood. In addition, communication
skills also determine students' success in their
future careers (Fadli & Irwanto, 2020).
According to Rudianto et al. (2022)
communication skills can be combined with
collaboration  skills so that students
communicate well, orally and in writing,
thereby improving teamwork skills and
effective communication skills between
groups.

Collaboration skills relate to the skills
of working effectively in a team in solving
problems and making decisions for a
common goal (Zubaidah, 2018).
Collaboration skills are needed to elaborate
students' skills, knowledge and attitudes
(Pardede, 2020). Collaboration skills consist
of  working productively, respect,
compromise, and responsibility (Greenstein,
2012). Furthermore, productive work in
collaboration is related to wusing time
efficiently with all group members in solving
a problem. Showing respect is related to
students' ability to respect each other among
members in achieving common goals.
Compromise relates to student involvement
to achieve common goals, while
responsibility relates to doing the best job and
completing all tasks together and on time
(llmaetal., 2022). Collaboration also teaches
students to interact with peers, developing
cognitive knowledge abilities (Y. Hidayati &
Sinaga, 2019), thinking and problem solving
skills (Boholano, 2017), negotiation to
achieve common goals (Hao et al., 2016) and
performance (Brandt, 2021; Cheruvelil et al.,
2020).

Apart from the three skills above, one
of the important 4C components is creativity.
Through creativity, someone can create a new
innovation (Jalinus et al., 2023). This ability
includes problem-solving, new ways of
thinking, providing new ideas and solutions,
asking different questions, and giving
different answers as a form of innovation and
creativity (R. K. Putri et al., 2021). Creativity
is related to discovering something and
producing something new by using
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something that already exists (Daulay et al.,
2021). Students who have good creativity are
able to implement and create new ideas
(Suyitno, 2020). Rudianto et al. (2022)
Through creativity skills, students are
expected to be able to develop, apply, and
convey new ideas to others and be open and
responsive.

4C skills are important skills for
students, these skills equip students to face
various opportunities and challenges in the
era of rapid information technology (Nuriza
& Faizah, 2023). Students need these skills to
face and adapt to social changes, so that
students can survive and compete well in
social life (Suminar et al., 2021). 4C skills
enable students to solve problems, think
flexibly, innovate, sort information, apply
new ideas, be productive, socialize, and adapt
to society (Daulay et al., 2021; Hao et al.,
2016; llma et al., 2022; Kasih et al., 2019;
Wahidin & Romli, 2020). Therefore, by
mastering the 4C skills, students are expected
to be ready for a competitive work life, self-
development, and carrying out their social
functions by their areas of interest (Aulia,
2022).

However, in fact, the application of
critical thinking, communication,
collaboration, and creativity skills in the
learning process in the classroom is not very
visible. This is in line with several previous
research findings that students' critical
thinking, collaboration, creativity, and
communication skills in Indonesia are still
relatively low and need to be empowered
(Susetyarini & Fauzi, 2020). This finding is
in line with the facts found in the biology
learning process at Magaten Regency High
School. Surveys conducted in several schools
show that in biology learning, learning tends
to be teacher-centered. Centered on the
teacher, such as the teacher explaining then
the students listen and the teacher asks the
students to ask if there is something they don't
understand. During the question and answer
session, students in class tend to be passive in
asking questions. If you passively ask, do you
already understand or is it the opposite? The
teacher must repeat it again so that students
are really active in asking questions.

4C skills are one of the basic skills as
well as provisions for students to be ready to
compete globally and are important.

However, so far secondary schools have
made efforts to prepare students to become a
generation ready to face the 21st century.
However, this cannot yet be measured
optimally to find out the extent of the
development of student's critical thinking,
collaboration, communication, and creativity
skills, especially in implementation Merdeka
Curriculum. It is known that the elements of
critical thinking, collaboration,
communication, and creativity skills have
several indicators. These indicators play an
important role in supporting student skills
such as critical thinking indicators, creativity
indicators, collaboration, and communication
indicators. Based on the explanation given,
the aim of this research is to describe the
critical thinking, collaboration,
communication, and creativity skills of high
school students in biology learning.

Method

This research method is descriptive
survey research conducted from 20 August
2023 to 30 September 2023. This research
aims to determine the level of critical
thinking communication, collaboration and
creativity skills of high school students in the
Magetan Regency area in biology learning
for each indicator.The population of this
study were high school students in the
Magetan Regency area. The sample for this
research was 539 high school students in the
Magetan Regency area. The sampling
technique used in this research is cluster

sampling.
Table 1. Demographics of Research Respondents
Gender Gender Percentage
Woman 359 67%
Man 180 33%
Total 539 100%

Data collection techniques use
guestionnaires on critical thinking skills,
communication, collaboration and creativity.
The research questionnaire is presented
online via Google Form. The Google form
link was sent to the biology teachers of each
class in each different school. This research
instrument is a critical  thinking,
communication, collaboration and creativity
guestionnaire sheet totaling 43 questions. The
questionnaire was adopted from Destarina
(2021) dan R. Kelley et al. (2019). The
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assessment on the questionnaire with a Likert
scale on positive questions is (1) strongly
disagree, (2) disagree, (3) neutral, (4) agree
and (5) strongly agree. Meanwhile, in
negative questions (1) strongly agree, (2)
agree, (3) neutral, (4) disagree and (5)
strongly disagree.The data analysis technique
in this research is quantitative descriptive.
The qualitative descriptive formula used to
calculate student scores indicators in each
skill is presented as follows.

Score obtained

Score indicators= x 100%

maximum score

The indicator scores obtained are
categorized using Bloom's cut points for each
indicator. The data was interpreted using bar
charts and tables to determine the quality of
critical thinking, creative, communication
and collaboration skills for each indicator
(Table 2).

Table 2. 4C Results Criteria Bloom's cut point

Tasya Novian Indah Sari, dkk/Quality of Critical.....

Results and Discussion

The results of a survey of critical
thinking skills in biology learning which was
attended by 539 students showed that 50%
(268 students) were in the medium category,
50% (270 students) were in the low category
and 0% (1 student) were in the high
category. Second, the survey results on
communication skills in 43% (231 students)
were in the low category, 57% (308 students)
were in the medium category and there were
no students in the high category. Third, the
survey results on collaboration skills were
77% (414 students) in the medium category,
23% (125 students) in the low category, and
no students in the high category out of 539
students. Finally, creativity skills were 64%
(344 students) in the low category, 36% (195
students) in the medium category, and none
in the high category out of 539 students.
Overall, it can be drawn that of the 4 skills,
critical thinking skills and creativity are the

Score Range Criteria . . .
80%-100% High level skills with the highest Iow_percentage
; compared to collaboration and
60%-79% Medium Level communication skills (Figure 1)
<60% Low level gure 2.
Source: Alzahrani et al. (2022)
195
Creativity Skills | 332
0
414
Collaboration Skills [ 113
0
300
Communication Skills [ 219
0
268
Critical Thinking Skills [N 258
1
0 50 100 150 200 250 300 350 400 450
Medium mLow mHigh
Figure 1. Survey Results on Critical Thinking, Communication, Collaboration and Creativity Skills
The communication skills indicators in the  score obtained indicators  of

this survey consist of 5 indicators. In detail,

communication skills in indicators 1) the
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indicator of communicating results obtained
an average percentage of 66%, 2) the
indicator of listening obtained an average
percentage of 61%, 3) the indicator of
expressing opinions obtained an average
percentage of 62%, 4) the answering
indicator gets an average percentage of 60%
and 5) the asking indicator gets an average
percentage of 49%. Based on the results
obtained, it can be concluded that of the 5
indicators of communication skills, the
indicator with the highest average is the
indicator of communicating results and the
indicator with the lowest average is the
indicator of asking (Table 4).

Table 3. Percentage of Communication Skills
Indicators

No Indicator Percentage Category

1. Communicate 66% Medium
results

2. Listen 61% Medium

3. Expressing 62% Medium
opinions

4.  Answer 60% Medium

5. Ask 49% Low

The collaboration skills indicators in
this survey consist of 5 indicators. In detail,
the score obtained indicators of collaboration

skills in indicators 1) the positive
interdependence indicator obtained an
average percentage of 67%, 2) the

communication skills indicator obtained an
average percentage of 67%, 3) the face-to-
face interaction indicator obtained an average
percentage of 67 %, 4) indicators of working
skills in groups obtained an average
percentage of 67%, and 5) accountability and
personal responsibility obtained an average
percentage of 67%. In general, the average
percentage indicators for collaboration skills
is in the medium category.

Table 4. Percentage of Collaboration Skills
Indicator

No Indicator Percentage Category

5. Accountability 67% Medium
and  personal
responsibility

The creativity skills indicators in this
survey consist of 4 indicators. In detail, the
score obtained indicators of creativity skills
in indicators is 1) the fluency indicator gets
an average percentage of 57%, 2) the
flexibility indicator gets an average
percentage of 53%, 3) the originality
indicator gets an average percentage of 68%
and 4) the elaboration indicator obtained an
average percentage of 58% (Table 6). In
general, almost all indicators of creativity
skills are in the low category, except for the
originality indicator. The indicator with the
lowest average percentage is flexibility. This
result is in line with the overall average
results in Figure 1 that creativity skills
include the 4C skills which have the lowest
average percentage.

Table 5. Percentage of Creativity Skills Indicator

No Indicator  Percentage Category
1. Fluency 57% Low
2. Flexibility 53% Low
3. Originality 68% Currently
4. Elaboration 58% Low

No Indicator Percentage Category

1. Positive 67% Medium
interdependence

2. Communication 67% Medium
skills

3. Face to face 67% Medium
interaction

4. Skills working 67% Medium
in groups

Creativity Skills in Biology Learning

The results of measuring critical
thinking, communication, collaboration, and
creativity skills in high school biology
learning showed that creativity skills and
critical thinking skills were the skills with the
highest percentage of students in the low
category among other skills (Figure 1). The
results of measurements on creativity skills
were 64% of students had low creativity skills
and 35% were in the medium category from
539 research respondents (Figure 1). These
results are in line with the study results
(Rosidah et al., 2021; Sari et al., 2016) that
the creativity skills of secondary school
students are still in the low category.
According to Qomariyah et al. (2021) there
are several things that influence students'
creativity skills. This includes choosing a
learning model, this learning strategy
prioritizes student work rather than teacher
work, such as carrying out practicum
activities, field studies, discussions, etc. This
type of learning that relates to life or the
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surrounding environment can sharpen
students' creative thinking abilities because
students are required to be able to solve
problems that arise (Armandita et al., 2017).
An environment that is appropriate to the
content of the subject matter can expand and
clarify the material, concepts and principles
of the subject matter (Febrianti et al., 2016).

In detail, of the 4 indicators of
creativity skills, almost all indicators are in
the low category (Table 6). The first indicator
is fluency, the measurement results show that
the average fluency indicator is 57% or low
category. The results of the research show
that students are still lacking in fluency
indicators (Suripah & Sthephani, 2017).
According to Sari et al. (2016) Fluency
ability is related to students' skills in
producing valid, relevant, and meaningful
responses and ideas. The indicator in this
dimension is that students are able to express
many ideas and thoughts that are valid,
relevant, and meaningful. Students who have
good fluency skills are able to produce ideas,
and answers, solve problems or questions
fluently (Hanipah et al., 2018).

The second indicator is flexibility, the
results of measuring the flexibility indicator
are 53% or in the low category. Similar
research results show that the flexibility
indicator is included in the indicators with
poor results Effendi & Farlina (2017).
Flexibility ability is related to the ability to
generate varied questions and answers,
identify problems from different
perspectives, look for various alternatives or
varied methods, and be able to change
approaches or ways of thinking (Kadir et al.,
2022). Students who have good flexibility
abilities are able to build diverse ideas by
trying various ways of solving problems so
that the ideas offered do not tend to be the
same.

Next is the originality indicator, if
previously students were still low in fluency
and flexibility indicators with an average of
below 60% in this indicator students were in
the medium category. Originality appears to
be mastered by students if students are able to
produce ideas that are not common so that
students' answers are not tied to the material
explained by the teacher and the student
handbook (Effendi & Farlina, 2017). The
ability criteria in question are that students

can produce new or different final answers in
solving the given problem (Ismara et al.,
2017).

Lastly is the elaboration indicator, the
results of measuring creativity skills get an
average score for the elaboration indicator of
58% or the low category. The research results
of elaboration skills indicators have the
lowest percentage, namely 46%. This
indicates that students experience little
difficulty in explaining an idea or describing
in detail an experiment to test the borax
content in food. This skill can be identified
from the way students answer a question in
detail and can expand an idea (Qomariyah et
al., 2021). Elaboration ability is the ability to
develop and improve an idea by adding or
detailing a subject, idea, or situation to make
it more interesting (Kadir et al., 2022).
According to Suripah & Sthephani (2017)
students who have good elaboration skills are
able to describe in detail the steps used to
solve the problem.

The survey results on student creativity
in biology learning in Magetan Regency are
generally lacking. The results of research by
Primadoni & Muslim (2023) One of the
causes of students' low creative thinking
skills is in learning design. Learning still uses
a one-way lecture method, so students only
listen and take notes. Therefore, students
become less active in learning because they
cannot express their opinions. Research by
Putra et al. (2018) students' lack of learning
experience results in low creative thinking
skills. Efforts that can be made to help
develop students' thinking skills include
designing teaching materials appropriate to
the students' cognitive stage. Similar findings
by Siregar et al. (2022) that the use of
teaching materials that do not facilitate
students' creative thinking skills is one of the
causes of low abilities.

Critical Thinking Skills in Biology Learning
The results of measuring critical
thinking skills indicators in Table 3 show that
the interpretation indicators have an average
percentage of 72% or the medium category.
In line with research conducted by A. R.
Hidayati et al. (2021) of the critical thinking
indicators, the interpretation indicator is in
the good category. According to Hidayanti et
al. (2016) interpretation indicators relate to
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students' ability to interpret and understand
the meaning of a problem. Interpretation
indicators relate to students' ability to
interpret and describe the objects observed
(Agnafia, 2019). Interpretation indicators
train students to explain and understand the
meaning of an event, data, procedure, or rule.
Students provide feedback and express their
observations of an object. This is in
accordance with the theoretical explanation
that interpretation indicators are related to
students' ability to understand and express the
meaning of the problem (Hayudiyani et al.,
2017).

The second critical thinking indicator
is self-regulation. The measurement results
show that the average percentage for this
indicator is 72% or the medium category.
According to Phan (2010) Self-regulation can
serve as a platform for the development of
critical thinking and analytical thinking skills
and developing students' self-regulation
skills results in increased critical thinking.
Students who have good self-regulation are
able to carry out tasks purposefully and
strategically, set goals, choose strategies,
actively apply these strategies when involved
in learning, and consistently evaluate and
reflect on the quality and strategic efforts of
their learning (Kitsantas et al., 2019). In line
with that opinion Budiwiguna et al. (2022)
self-regulation will help students to learn in a
disciplined manner and improve students'
critical thinking and learning outcomes.

The third critical thinking indicator is
analysis. The results of measuring analytical
indicators on critical thinking skills show an
average percentage of 69% or the medium
category. In line with the research results
Wiyoko (2019) that this indicator ranks
highest compared to other indicators at
66.30%. According to Rahmawati &
Masykuri (2019) This is supported by the
habits and experiences that students already
have. The process that occurs in analyzing is
that students can explain  relevant
information, link relationships with relevant
elements, and determine ideas for the purpose
of the information obtained.

The fourth indicator of explanation,
the results of measuring the explanation
indicator obtained an average of 48% or
students' explanation ability was in a low
category. The results of this study are in line

with the research Maslakhatunni’mah et al.
(2019) that the explanatory indicator is
included in the indicators with low results,
namely 16.47% or the poor category.
Explanation indicators are indicators related
to students' ability to state results and present
arguments supported by appropriate reasons
and make statements regarding cause and
effect (Agnafia, 2019). Students who have
good explanation skills are able to convey
arguments correctly according to the
conclusion (Suriati et al., 2021). According to
Hayudiyani et al. (2017) the theoretical
explanation that has been put forward,
explanation is related to students' ability to
determine and provide reasons logically
based on the results obtained. Through
explanation, students can be trained to
develop reasoning and critical thinking
(Pujiono, 2012).

The fourth indicator of critical thinking
is inference. The results of measuring
inference indicators obtained an average of
49% or students' inference abilities were still
low. This result is in line with research results
A. Putri (2018) that students' inference
indicators are still relatively low. According
to Purwati & Fatahillah (2016) students'
inference abilities are in the low category
because students who are less able to analyze
and evaluate influence writing conclusions.
Students who have good inference skills are
able to make appropriate conclusions, that is,
draw reasonable conclusions by providing all
the important and reasonable reasons
(Hidayanti et al., 2016).

Lastly is the evaluation indicator with
an average percentage of 70% or the medium
category. Students with a high level of
learning independence can fulfill all
indicators of critical mathematical thinking
skills ~ well, namely indicators of
interpretation, analysis, evaluation, and
inference (Ardiyanto et al., 2021). In carrying
out evaluations, reflective thinking is very
necessary, and in inferences logical thinking
is needed. Students who have good
evaluation skills are able to assess the
credibility of statements and assess the
logical strength of the problem-solving
carried out (Hidayanti et al., 2016). This stage
is carried out critically in order to obtain
information that is accurate and precise. This
is intended so that when taking further action
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towards a solution to the problem there is no
mistake. Students are required to be able to
recognize if there are errors in the problem-
solving process. Furthermore, after finding
an error, you must immediately make
improvements to get a more effective
solution (Susilowati & Sumaji, 2020).

The survey results on the critical
thinking skills of high school students in
Magetan Regency obtained results in the
medium and low categories. Although there
is a medium category, this ability needs to be
empowered because it is an important skill
for students. Efforts that can be made are to
improve the quality of learning. According to
the use of learning models, students tend to
be passive recipients of information from
teachers without much opportunity to think
critically (Kafiar et al., 2023). Research
results by Mulyanti et al. (2023) teacher-
centered learning activities result in students
being unable to develop critical thinking
skills properly due to limited opportunities to
interact and actively participate in the
learning process. In addition to learning
design, using media and teaching materials
that do not involve students actively in
learning can result in students' thinking skills
being less than optimal (Nur et al., 2017).

Communication Skills in Biology Learning
The next skill is communication skills,
the results of measuring communication
skills show that almost all of the 5 indicators
of communication skills are in the medium
category except for the asking indicator
which is 49% (Table 4). These results are in
line with the research results Angganing et al.
(2022) students' communication skills in
science learning. Students' communication
skills are not good, because students lack the
initiative to ask questions in learning.
According to Haqigi & Mariani (2017)
regarding communication skills,
communication skills are very important in
science learning. Through communication
skills students can share ideas and clarify
their understanding. Students can write down
or convey back things they have understood.
In addition to creativity and critical
thinking, the 4C skills that still need to be
empowered are communication skills. This
skill is one of the most important skills,

students will find it easier to communicate
about various things related to learning
materials  (Rosa Putri & Darussyamsu,
2022). According to Wahyuni et al. (2016)
one of the causes of low student
communication skills is the learning design
that is still centered on the teacher. The
learning design that is centered on the teacher
results in students being less confident in
communicating their ideas. In addition, when
the teacher explains, students do not pay
attention properly, students also often
misinterpret the questions given. Research by
A. A. R. Putri & Darussyamsu (2022) that
students who have good communication
skills are influenced by the selection of
appropriate and suitable learning strategies
and methods by teachers so that students can
easily understand and be encouraged to be
skilled in communicating.

Collaboration Skills in Biology Learning

Lastly is collaboration skills, the
results of measuring collaboration skills on 5
indicators show that all collaboration
indicators are in the medium category (Table
5). This result is in line with the overall
survey results that collaboration skills are the
skills that have the highest percentage
compared to critical thinking, creativity and
communication. This finding is in line with
the research results N. Hidayati (2019) in
general, students' collaboration skills are in a
good category. Biology students
collaboration skills are very good in all three
indicators, namely contribution,
responsibility, and respect for other people's
opinions. However, these findings conflict
with qualitative data which shows that
students make little contribution to the
completion of group assignments (Sholihah
et al., 2023), Therefore, follow-up efforts are
still needed to improve  students'
collaboration skills (N. Hidayati, 2019;
Sholihah et al., 2023).

The last survey result is collaboration
skills. In general, the results of collaboration
skills are medium and low. Although
dominated by medium results, this skill needs
to be empowered. Collaboration skills are
important for students to have in conducting
dialogue to exchange thoughts or ideas. The
results of the study by Hamdani & Wardani
(2019) and Octaviana et al. (2022) that low
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collaboration skills are due to students' lack
of confidence in their abilities. According to
Mei et al. (2015) and Octaviana et al. (2022)
one of the factors that causes students'
collaboration skills to be still low is that many
teachers still apply monotonous learning
methods and use teaching materials that are
still conventional or still in the form of
printed media and are not interactive so that
students' active participation in learning is
still very low.

Apart from the results of the study, it
has several limitations that have not been
achieved by researchers. This study was only
conducted through a survey followed by class
students. Further efforts need to be made to
determine the causes or factors that influence
the acquisition of critical thinking,
communication, collaboration, and creativity
skills of students. However, there are several
studies from previous research results
regarding the causes of low critical thinking,
communication, collaboration, and creativity
skills of students in Indonesia. The results of
this study are relevant to support the follow-
up of the current learning process, especially
because Magetan Regency has never
measured  students'  critical  thinking,
communication, collaboration, and creativity
skills. In addition, the results of this study are
also relevant to the need for further follow-up
research.

Conclussion

Survey results of critical thinking,
communication, collaboration, and creativity
skills of high school students in Magetan
Regency in Biology learning in the medium
and low categories. Critical thinking skills
and creativity have a low category with a high
percentage. The results show that high school
students in Magetan Regency experience
difficulties in high-level thinking skills
because critical thinking skills and creativity
are included in high-level thinking skills.

Apart from the survey results, further
research can reach further into the causes of
low critical thinking, communication,
collaboration, and creativity skills by
conducting sampling interviews  with
students who fall into the low, medium, and
high categories. Finally, further efforts are
needed to empower students' critical
thinking, communication, collaboration, and

creativity skills in an effort to prepare
students who are ready to compete globally.

Acknowledgment

Thank you to the Principal, Mr/Mrs
Biology Teacher and Students from Senior
High Schools in Magetan Regency who are
Research Partners, Dr. Anna Rakhmawati,
M.Si as the thesis supervisor, Todd R. Kelley,
J. Geoff Knowles, Jung Han, Euisuk Sung
and Puput Destarina as instrument owners
who own critical thinking, communication,
collaboration and creativity instruments and
the Biology Education Study Program,
Faculty of Mathematics and Universitas
Negeri Yogyakarta which has granted
research permission.

References

Agnafia, D. N. (2019). Analisis kemampuan
berpikir kritis siswa dalam
pembelajaran biologi. Jurnal Floera,
6(1), 1-8.
https://doi.org/10.25273/florea.v6il.43
69

Alzahrani, M. M., Alghamdi, A. A,
Alghamdi, S. A., & Alotaibi, R. K.
(2022). Knowledge and Attitude of
Dentists Towards Obstructive Sleep
Apnea. International Dental Journal,

72(3), 315-321.
https://doi.org/10.1016/j.identj.2021.05
.004

Amin, A. M., Corebima, A. D., Zubaidah, S.,
& Mahanal, S. (2020). The correlation
between metacognitive skills and
critical  thinking  skills at the
implementation of four different
learning strategies in animal physiology
lectures.  European  Journal  of
Educational Research, 9(1), 143-163.
https://doi.org/10.12973/eu-jer.9.1.143

Angganing, P., Budiningsih, C. A, &
Haryanto. (2022). The Profile of
Students’ Communication Skills on

Science Learning in Elementary
Schools. Pegem Egitim ve Ogretim
Dergisi, 13(1), 117-124.
https://doi.org/10.47750/pegegog.13.01
14

Ardiyanto, B., Chasanah, A. N., Hendrastuti,
Z. R, & Rais, S. (2021). Analisis
Kemampuan Berpikir Kritis Matematis
Siswa Kelas X pada Materi Persamaan

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



50 Tasya Novian Indah Sari, dkk/Quality of Critical.....

Logaritma Ditinjau dari Kemandirian
Belajar. MATH LOCUS: Jurnal Riset
Dan Inovasi Pendidikan Matematika,

2(1), 15-22.
https://doi.org/10.31002/mathlocus.v2i
1.1475

Armandita, P., Wijayanto, E., Rofiatus, L., &
Susanti, A (2017). Analisis
kemampuan berpikir kreatif

pembelajaran fisika di kelas X MIA 3
SMA Negeri 11 Kota Jambi [Analysis
of creative thinking skills in physics
learning in class X MIA 3 SMA Negeri
11 Jambi City]. Penelitian [llmu

Pendidikan, 10(2), 129-135.
http://dx.doi.org/10.21831/jpipfip.v10i
2.17906

Aulia, E. (2022). Effects of 21st Century
Learning on the Development of

Critical Thinking, Creativity,
Communication, and Collaboration
Skills. Journal of Nonformal
Education, 8(1), 46-53.
https://doi.org/10.15294/jne.v8i1.3333
4

Boholano, H. (2017). Smart social
networking: 21st Century teaching and
learning skills. Research in Pedagogy,
7(2), 21-29.
https://doi.org/10.17810/2015.45

Brandt, W. C. (2021). Measuring student
success skills: A review of the literature
on creativity. NH: National Center for
the Improvement of Educational
Assessment. Retrieved from
https://files.eric.ed.gov/fulltext/ED617
833.pdf

Budiwiguna, B. S., Winarti, E. R, &
Harnantyawati, R. (2022). Analisis
Kemampuan Berpikir Kritis Peserta
didik SMP Negeri 19 Semarang Kelas
VIIl Ditinjau dari Self-Regulation.
Prosiding Seminar Nasional
Matematika, 5, 311-319. Retrieved
from
https://journal.unnes.ac.id/sju/index.ph
p/prisma/

Cheruvelil, K. S., Palma-Dow, A. De, &
Smith, K. A. (2020). Strategies to
Promote Effective Student Research
Teams in Undergraduate Biology Labs.
American Biology Teacher, 82(1), 18—
27.

https://doi.org/10.1525/abt.2020.82.1.1
8

Daulay, N. H., Sani, R. A., & Rahmatsyah.
(2021). An analysis of 4c skill on heat
in facing the industrial revolution era
4.0. Journal of Physics: Conference
Series.  https://doi.org/10.1088/1742-
6596/1811/1/012002

Destarina, P. (2021). Pemetaan keterampilan
abad 21 4C (critical thinking,
communication, collaboration,
creativity)  siswa  biologi SMA
Kabupaten Trenggalek. Universitas
Muhammadiyah Malang.

Effendi, K. N. S., & Farlina, E. (2017).
Kemampuan Berpikir Kreatif Siswa
SMP kelas VII dalam Penyelesaian
Masalah Statistika. Jurnal Analisa,
3(2), 130-137.
https://doi.org/10.15575/ja.v3i2.2013

Fadli, A., & Irwanto. (2020). The effect of
local wisdom-based ELSII learning
model on the problem solving and
communication skills of pre-service
islamic teachers. International Journal
of Instruction, 13(1), 731-746.
https://doi.org/10.29333/iji.2020.13147
a

Febrianti, Y., Djahir, Y., & Fatimah, S.
(2016). Analisis kemampuan berpikir
kreatif =~ peserta  didik  dengan
memanfaatkan lingkungan pada mata
pelajaran ekonomi di sma negeri 6
palembang. Jurnal Profit, 3(1), 121-
127.
https://doi.org/https://ejournal.unsri.ac.
id/index.php/jp/article/view/5561

Fitriani, N. I, & Setiawan, B. (2017).
Efektivitas modul ipa  berbasis
etnosains terhadap peningkatan
keterampilan berpikir kritis siswa.
Jurnal Penelitian Pendidikan IPA, 2(2),

71-76. Retrieved from
http://journal.unesa.ac.id/index.php/jpp
ipa

Greenstein, M. L. (2012). Assessing 21st
Century Skills A Guide to Evaluating
Mastery and Authentic Learning. Sage .
Retrieved from
https://uk.sagepub.com/en-
gb/asi/book/assessing-21st-century-
skills#reviews

Hamdani, M. S., & Wardani, K. W. (2019).
Penerapan Model Pembelajaran Team

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



Didaktika Biologi: Jurnal Penelitian Pendidikan Biologi (2025), 9 (1), 41-54 51

Games Tournamen (TGT) pada
Pembelajaran Tematik Terpadu Kelas 5
untuk  Peningkatan  Keterampilan
Kolaborasi. Jurnal Ilmiah Sekolah

Dasar, 3(4), 440-447.
https://doi.org/10.23887/jisd.v3i4.2177
8

Hanipah, N., Yuliani, A., & Maya, R. (2018).
Analisis kemampuan berpikir kreatif
matematis siswa mts pada materi
lingkaran. Jurnal Aksioma, 7(1), 80-86.
https://doi.org/10.24127/ajpm.v7i1.131
6

Hao, J., Liu, L., Kyllonen, P., & Kitchen, C.
(2016). Collaborative Problem Solving
Skills versus Collaboration Outcomes:
Findings from Statistical Analysis and
Data Mining. Educational Data
Mining. Retrieved from
https://www.semanticscholar.org/paper
/Collaborative-Problem-Solving-Skills-
versus-from-Hao-
Liu/c69786d4b361a55f1d41955604db
673de538775¢

Haqiqi, M. I., & Mariani, S. (2017). Karakter
Tanggung Jawab dan Keterampilan
Komunikasi Matematis pada
Pembelajaran Berpendekatan PMRI
Berbantuan Scaffolding Materi
Pecahan. Jurnal of Primary Education,
6(1), 21-26. Retrieved from
http://journal.unnes.ac.id/sju/index.php
/jpe

Hayudiyani, M., Arif, M., & Risnasari, M.
(2017). Identifikasi kemampuan
berpikir kritis siswa kelas x tkj ditinjau
dari kemampuan awal dan jenis kelamin
siswa di smkn 1 kamal. Jurnal Iimiah
Edutic, 4(1), 20-27.
https://doi.org/10.21107/edutic.v4i1.33
83

Hidayanti, D., As’ari, A. R., & Daniel, T.
(2016). Analisis kemampuan berpikir
kritis siswa smp kelas ix pada materi
kesebangunan. Konferensi Nasional
Penelitian Matematika Dan
Pembelajarannya, 12, 276-285.

Hidayati, A. R., Fadly, W., & Ekapti, R. F.
(2021). Analisis Keterampilan Berpikir
Kritis Siswa pada Pembelajaran IPA
Materi Bioteknologi. Jurnal Tadris IPA
Indonesia, 1(2), 34-48.
https://doi.org/10.21154/jtii.v1i1.68

Hidayati, N. (2019). Collaboration Skill Of
Biology Students At Universitas Islam
Riau, Indonesia. International Journal
Of Scientific & Technology Research,

8(11), 208-211.
https://doi.org/10.1007/978-981-10-
2481-8

Hidayati, Y., & Sinaga, P. (2019). The profile
of critical thinking skills students on
science learning. Journal of Physics:
Conference Series, 1402(4).
https://doi.org/10.1088/1742-
6596/1402/4/044075

Ilma, S., Al-Muhdhar, M. H. I., Rohman, F.,
& Saptasari, M. (2022). Promote
collaboration skills during the COVID-
19 pandemic through Predict-Observe-
Explain-based Project (POEP) learning.

JPBI (Jurnal Pendidikan Biologi
Indonesia), 8(1), 32-39.
https://doi.org/10.22219/jpbi.v8i1.1762
2

Ismara, L., Halini, & Suratman, D. (2017).
Kemampuan berpikir kreatif matematis
siswa dalam menyelesaikan soal open
ended di smp. Jurnal Pendidikan Dan
Kependidikan Khatulistiwa, 6(9), 1-8.
https://doi.org/10.26418/jppk.v6i9.216
96

Jalinus, N., Sukardi, S., Wulansari, R. E.,
Heong, Y. M., & Kiong, T. T. (2023).
Teaching activities for supporting
students’ 4cs skills development in

vocational education. Journal of
Engineering Researcher and Lecturer,
2(2), 28-37.

https://doi.org/10.58712/jerel.v2i2.95

Kadir, I. A., Machmud, T., Usman, K., &
Katili, N. (2022). Analisis Kemampuan
Berpikir Kreatif Matematis Siswa Pada
Materi Segitiga. Jambura Journal of
Mathematics Education, 3(2), 128-138.
https://doi.org/10.34312/jmathedu.v3i2
.16388

Kafiar, D. Y. B. R.,, Sormin, S. A, &
Betaubun, S. L. (2023). Penerapan
Model Pembelajaran Jigsaw untuk
Meningkatkan Kemampuan Berpikir
Kritis Siswa Kelas Il Sekolah Dasar.
Journal of Education Action Research,

7(3), 336-343.
https://doi.org/10.23887/jear.v7i3.6701
1

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



52 Tasya Novian Indah Sari, dkk/Quality of Critical.....

Kasih, R., Hanafi, N., & Amin, M. (2019).
Education 4.0 and the 21 st Century
Skills: A Case Study of Smartphone
Use in English Classes. Proceedings of
the 1st Annual Conference on
Education and Social Sciences, 48-51.

Khan, A., Khan, S., Syed, Z.-U.-1., & Khan,
M. (2017). Communication Skills of a
Teacher and Its Role in the

Development of the  Students’
Academic  Success. Journal  of
Education and Practice , 8(1).
Retrieved from

http://www.communicationskillsworld.
com/communicationskillsforteachers.ht
ml

Kitsantas, A., Baylor, A. L., & Hiller, S. E.
(2019). Intelligent technologies to
optimize performance: Augmenting
cognitive capacity and supporting self-
regulation of critical thinking skills in
decision-making. Cognitive Systems
Research, 58, 387-397.
https://doi.org/10.1016/j.cogsys.2019.0
9.003

Laar, E. Van, Deursen, A. J. A. M. Van, Dijk,
J. A. G. M. Van, & Haan, J. De. (2020).
Determinants of 21st-Century Skills
and 21st-Century Digital Skills for
Workers: A Systematic Literature
Review. Sage Journals, 10(1).
https://doi.org/10.1177/215824401990
0176

Maslakhatunni’mah, D., Safitri, L. B., &
Agnafia, D. N. (2019). Analisis
kemampuan berfikir kritis pada mata
pelajaran ipa siswa kelas vii smp.
Seminar Nasional Pendidikan Sains,
179-185.

Mei, N., Ode, Y., Bialangi, N., & Ischak, N.
I. (2015). Pengaruh Pembelajaran
Kolaboratif Terhadap Hasil Belajar
Siswa Pada Materi Tata Nama Senyawa
Kimia di SMA Negeri 1 Telaga Biru
T.A 2015/2016. Jurnal Entropi, 12(2),
157-164.

Mulyanti, N. M. B., Gading, I. K., & Diki.
(2023). Dampak Penerapan Model
Pembelajaran  Inkuiri  Terbimbing
terhadap Hasil Belajar IPA dan
Kemampuan Berpikir Kritis Siswa.
Jurnal limiah Pendidikan Profesi Guru,
6(1), 109-119.

https://doi.org/10.23887/jippg.v6i1.592
76

Nuriza, K. I., & Faizah, E. N. (2023). Analisa
keterampilan 4c melalui budaya literasi
mi  muhammadiyah 27 surabaya.

MUBTADI: Jurnal Pendidikan
Ibtidaiyah, 5(1).
https://doi.org/10.19105/mubtadi.v5il.

9376

Octaviana, F., Wahyuni, D., & Supeno, S.
(2022). Pengembangan E-LKPD untuk
Meningkatkan Keterampilan
Kolaborasi  Siswa SMP  pada
Pembelajaran  IPA.  EDUKATIF :
JURNAL ILMU PENDIDIKAN, 4(2),
2345-2353.
https://doi.org/10.31004/edukatif.v4i2.
2332

Oktavia, Z., & Ridlo, S. (2020). Critical
Thinking  Skills Reviewed from
Communication Skills of the Primary
School Students in STEM-Based
Project-Based Learning Model. Journal
of Primary Education, 9(3), 311-320.
https://doi.org/10.15294/jpe.v9i3.2757
3

Pardede, P. (2020). Integrating the 4Cs into
EFL Integrated Skills Learning. JET
(Journal of English Teaching), 6(1),
71-85.
https://doi.org/10.33541/jet.v6i1.190

Phan, H. P. (2010). Critical thinking as a self-
regulatory process component in
teaching and learning. Psicothema,
22(2), 284-292. Retrieved from
https://pubmed.ncbi.nlm.nih.gov/20423
634/

Primadoni, A. B., & Muslim, R. I. (2023).
Faktor rendahnya keterampilan berpikir
kreatif dalam menciptakan inovasi baru.
Pendas :  Jurnal Ilmiah Pendidikan
Dasar, 08(03), 958-966.

Pujiono, S. (2012). Berpikir kritis dalam
literasi membaca dan menulis untuk
memperkuat jati diri bangsa. Prosiding
Bahasa Dan Sastra Indonesia.

Purwati, R., & Fatahillah, A. (2016). Analisis
kemampuan berpikir kritis siswa dalam
menyelesaikan masalah persamaan
kuadrat pada pembelajaran model
creative problem solving. Kadikma,
7(1), 84-93. Retrieved  from
https://jurnal.unej.ac.id/index.php/kadi
kma/article/view/5471

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



Didaktika Biologi: Jurnal Penelitian Pendidikan Biologi (2025), 9 (1), 41-54 53

Putra, H. P., Akhdiyat, A. M., Setiany, E. P.,
& Andiarani, M. (2018). Kemampuan
Berpikir Kreatif Matematik Siswa SMP
di Cimahi. Jurnal Matematika Kreatif-
Inovatif, 9(1), 47-53,
10.15294/kreano.v9il1.1247

Putri, A. (2018). Profil kemampuan berpikir
kritis matematis siswa smp kelas viii
materi bangun ruang sisi datar. Jurnal
Pendidikan Tambusai, 2(4), 793-801.
https://doi.org/10.31004/jptam.v2i4.26

Putri, A. A. R., & Darussyamsu, R. (2022).
Analisis Keterampilan Berpikir Kritis
dan Komunikasi Siswa pada Mata
Pelajaran Biologi. Jurnal Pendidikan
Dasar Fondatia, 6(3), 388-398.
https://doi.org/10.36088/fondatia.v6i3.
2030

Putri, R. K., Bukit, N., & Simanjuntak, M. P.
(2021). The Effect of Project Based
Learning Model’s on Critical Thinking
Skills, Creative Thinking SKills,
Collaboration Skills, & Communication
Skills (4C) Physics in Senior High
School. Proceedings of the 6th Annual
International Seminar on
Transformative Education and
Educational Leadership, 323-330.

Qomariyah, D. N., Subekti, H., Ipa, J.,
Matematika, F., llmu, D., Alam, P., &
Surabaya, U. N. (2021). Analisis
kemampuan berpikir kreatif: Studi
eksplorasi siswa di smpn 62 surabaya.
Pensa E-Journal : Pendidikan Sains,
9(2). Retrieved from
https://ejournal.unesa.ac.id/index.php/p
ensa/article/view/38250

R. Kelley, T., Geoff Knowles, J., Han, J., &
Sung, E. (2019). Creating a 21st
Century Skills Survey Instrument for
High School Students. American
Journal of Educational Research, 7(8),
583-590.
https://doi.org/10.12691/education-7-8-
7

Rahmawati, S., & Masykuri, M. (2019).
Analisis kemampuan berpikir kritis
topik klasifikasi materi dan
perubahannya siswa smp negeri di
kabupaten magetan. Seminar Nasional
Pendidikan Sains, 173-178.

Ramdani, A., Jufri, A. W., Gunawan,
Fahrurrozi, M., & Yustigvar, M. (2021).
Analysis of students’ critical thinking

skills in terms of gender using science
teaching materials based on the 5e
learning cycle integrated with local
wisdom. Jurnal Pendidikan IPA

Indonesia, 10(2), 187-199.
https://doi.org/10.15294/jpii.v10i2.299
56

Rosidah, C. T., Pramulia, P., &
Susiloningsih, W. (2021). Analisis
kesiapan guru mengimplementasikan
asesmen autentik dalam kurikulum
merdeka belajar. Jurnal Pendidikan
Dasar, Vol 12 No(1), 87-103.
https://doi.org/10.21009/JPD.012.08

Rudianto, R., Diani, R., Subandi, S., &
Widiawati, N. (2022). Development of
assessment instruments 4C  skills
(critical  thinking, collaboration,
communication, and creativity) on
parabolic motion materials. Journal of
Advanced Sciences and Mathematics

Education, 2(2), 65-79.
https://doi.org/10.58524/jasme.v2i2.11
5

Sari, W. P., Hidayat, A., & Kusairi, S. (2016).
Analisis keterampilan berpikir kreatif
siswa sma pada materi fluida statis.
Seminar Nasional Pendidikan, 1, 307—
317.

Satriani, S. (2022). The application of
collaborative  learning model to
improve student’s 4cs skills. Anatolian
Journal of Education, 7(1), 93-102.
https://doi.org/10.29333/aje.2022.718a

Sholihah, M., Zubaidah, S., Mahanal, S., &
Listyorini, D. (2023). Biology Students’
Collaboration Skills in the Pandemic
Era. AIP Conference Proceedings,
2569.
https://doi.org/10.1063/5.0112432

Siregar, H. M., Solfitri, T., Siregar, S. N., &
Anggraini, R. D. (2022). Analisis
Kebutuhan E-LKM Kalkulus Integral
Untuk  Meningkatkan Kemampuan
Berpikir Kreatif Matematis. Range :
Jurnal Pendidikan Matematika, 4(1),
55-70.
https://doi.org/10.32938/jpm.v4i1.2664

Suminar, T., Arbarini, M., Shofwan, I., &
Setyawan, N. (2021). The Effectiveness
of Production-Based Learning Models
in the ICARE Approach to
Entrepreneurial  Literacy  Ability.
Journal of Nonformal Education, 7(2),

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



54 Tasya Novian Indah Sari, dkk/Quality of Critical.....

142-149.
https://doi.org/10.15294/jne.v7i2.3170
0

Suriati, A., Sundaygara, C., & Kurniawati,
M. (2021). Analisis kemampuan
berpikir kritis pada siswa kelas x sma
islam kepanjen. Jurnal Terapan Sains
Dan Teknologi, 3(3), 176-185.

Suripah, S., & Sthephani, A. (2017).
Kemampuan Berpikir Kreatif
Matematis Mahasiswa dalam
Menyelesaikan Akar Pangkat
Persamaan Kompleks Berdasarkan
Tingkat  Kemampuan  Akademik.
Pendidikan Matematika, 12(2), 149-
160.
https://doi.org/10.21831/pg.v12i2.1650
9

Susetyarini, E., & Fauzi, A. (2020). Trend of
critical thinking skill researches in
biology education journals across
Indonesia: From research design to data
analysis. International Journal of

Instruction, 13(1), 535-550.
https://doi.org/10.29333/iji.2020.13135
a

Susilowati, Y., & Sumaji. (2020). Interseksi
berpikir kritis dengan high order
thinking  skill (hots) berdasarkan
taksonomi bloom. Jurnal Silogisme,
5(2), 63-71. Retrieved  from
http://journal.umpo.ac.id/index.php/sil
ogisme

Suyitno, A. (2020). Growth of student
mathematical creativity as part of 4C
competence for entering the 21st
century.  Journal  of  Physics:
Conference Series, 1567(2).
https://doi.org/10.1088/1742-
6596/1567/2/022100

Wahidin, D., & Romli, L. A. M. (2020).
Students critical thinking development
in the national sciences and
mathematics competition in Indonesia:
A descriptive study. Jurnal Pendidikan
IPA  Indonesia, 9(1), 106-115.
https://doi.org/10.15294/jpii.v9il1.2224
0

Wahyuni, R., Utami, C., & Husna, N. (2016).
Pengarun  Model Role Playing
Terhadap Kemampuan Komunikasi
Matematis Siswa Pada Materi Fungsi
Komposisi Kelas XI SMA Negeri 6
Singkawang. Jurnal Pendidikan

Matematika Indonesia, 1(2), 81-86.
https://doi.org/10.26737/jpmi.v1i2.87

Wiyoko, T. (2019). Analisis Profil

Kemampuan Berpikir Kritis Mahasiswa
PGSD Dengan Graded Response
Models Pada Pembelajaran IPA. In
Indonesian J. Integr. Sci. Education (
1JI1S Edu ) 1(1), 25-32.
http://ejournal.iainbengkulu.ac.id/index
.php/ijisedu

Zanden, P. J. A. C. van der, Denessen, E.,

Cillessen, A. H. N., & Meijer, P. C.
(2020). Fostering critical thinking skills
in secondary education to prepare
students  for  university: teacher
perceptions and practices. Research in
Post-Compulsory Education, 25(4),
394-419.

https://doi.org/10.1080/13596748.2020
1846313

Zubaidah, S. (2018). Mengenal 4c: Learning

and innovation skills untuk menghadapi
era revolusi industri 4.0. Proceeding,
2nd  Science Education National
Conference, October 2018, 1-18.
Retrieved from
https://www.researchgate.net/profile/Si
ti-Zubaidah-

7/publication/332469989 MENGENA
L _4C LEARNING_AND_INNOVAT
ION_SKILLS UNTUK_MENGHAD
API_ERA_REVOLUSI_INDUSTRI_4
0_1/links/5¢cb73e77a6fdcc1d499bh356/
MENGENAL-4C-LEARNING-AND-
INNOVATION-SKILLS-UNTUK-
MENGHADAPI-ERA-REVOLUSI-
INDUSTRI-40-1.pdf

Tersedia online di https://ojs.um-palembang.ac.id/index.php/didaktikabiologi/index



