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Abstract
Lack of self-confidence and self-monitoring to think, act and communicate scientifically are related to
argumentation skills. This study aimed to determine differences: (1) students' argumentation skills, (2)
students' self-regulation, (3) argumentation skills and students' self-regulation using Problem Based
Learning (PBL) combined with debates based on Socio-scientific issues (SSI) on environmental change
material. The method used is a quasi-experiment with a posttest only control group design. The population
in this study was class X SMA N 2 Karanganyar 2022/2023, and the sample used was class XE2 and class
XE7. The sample technique used is cluster random sampling. Collecting data on argumentation skills uses a
test, while collecting data on self-regulation uses a questionnaire. The data analysis technique used the t test
and teh manova test. It was concluded that there were significant differences: (1) students' argumentation
skills, (2) students' self-regulation, (3) argumentation skills and students' self-regulation using Problem
Based Learning (PBL) combined with debates based on Socio-scientific issues (SSI) on environmental
change material. The research results can be used as a reference related to PBL learning, debate method,
argumentation skills and students’ self-regulation abilities.
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INTRODUCTION

Learning is a process in an effort to influence
feelings, intellectual and spiritual in a person
(Indarta et al., 2022). In education, the learning
process is built by teachers to maximally develop
the potential and various abilities possessed by
students, such as the ability to think, develop
creativity, reconstruct knowledge and problem
solving. These are the skills that students must have
in the 21st Century (Angga et al., 2022). 21st
century learning requires students to acquire the 4C
skills of critical thinking, communication,
collaboration, and creativity (Angga et al., 2022;
Indarta et al., 2022). Biology learning is part of
science that includes facts and legal principles
resulting from scientific processes that require
problem solving through critical thinking skills
(Agnafia, 2019). Learning can be done by
emphasizing the involvement of learners'
performance through a series of scientific
discourses such as discussion, argumentation,
debate, negotiation or experimentation
(Rahmawati et al., 2019).

Critical thinking is a fundamental problem-
solving skill. A student with critical thinking skills
will be able to solve problems effectively. The
ability to solve problems is done by making the
right decisions and is practised when students can
think critically (Snyder & Snyder, 2008). The
ability to think critically develops along with the
development of argumentation skills (Sumarni et
al., 2017). Argumentation skills can train students
to develop their thinking skills (Rahayu et al.,
2020).

Argumentation cannot be separated from
science. Argumentation is an elemental structure of
the language of science to resolve questions,
problems and debates by using arguments
according to their beliefs and reasons (Fatmawati
et al., 2018). Argumentation skills are related to
students' awareness in monitoring their own
cognition, also known as self-regulation
(Demirbag, 2021). Self-Regulation involves one's
awareness to monitor one's cognition, especially by
applying skills in self-evaluation, drawing
conclusions in the form of questioning,
confirmation, validation and correlation (El-
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Henawy et al., 2012). Self-regulation ability is also
one of the indicators in critical thinking (Facione,
2011).

Based on the results of interviews with
biology teachers and observations in learning in
class X SMA N 2 Karanganyar. The learning
process still emphasizes on understanding the
material and has not emphasized students to have
argumentation skills. The way to convey student
arguments is also related to student self-regulation
related to motivation, self-confidence, thought
processes, and how to manage resources so that
they can convey arguments appropriately, logically
and can prove their truth. Basically, one's
argumentation is not only theoretical but must be
proven, so students are not only able to express the
theory they know but students must be able to
prove the truth as well (Suraya et al., 2019).

A lesson that trains argumentation skills is
one that uses real problems in the environment for
students to solve through a series of lessons. The
Problem Based Learning (PBL) model is one of the
investigation-based learning (Juriah & Zulfiani,
2019; Suwono et al.,, 2017). PBL is a learning
model that introduces students to authentic and
meaningful problem situations that can serve as a
springboard for investigation and enquiry. PBL
helps students develop critical thinking skills and
problem-solving skills (Arends, 2012).

Debate method is a learning method that
confronts students with a problem. Sanjaya (2009)
states that the main purpose of the debate method
is to solve problems, answer questions, add and
understand students' knowledge, and to make a
decision. In this way, students will be intensively
and actively involved because students must dare
to express their opinions (Arif, 2016). Therefore, it
would be better if the PBL model is combined with
a debate method where students' ability to argue
can be honed properly.

Problem-based learning is best suited if it is
based on socio-scientific issues (SSI) that are
directly related to students' daily lives (Wilsa et al.,
2017). SSI refers to dilemmatic social issues
related to science conceptually, procedurally and
technologically. Science is not just about finding
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and presenting facts, but also about constructing
arguments and analyzing them, as well as debating
various explanations of phenomena, so providing
alternative issues can expose students' abilities in
debate and discussion (Septiningrum et al., 2021).
By including debate into PBL and SSlI-based,
students are further challenged to be able to
articulate their thoughts and arguments effectively,
thus promoting a deeper understanding of the
problem and its implications. Therefore, students'
argumentation skills and self-regulation are
expected to be trained and developed through PBL
learning combined with SSI-based debate.

METHOD

The research was conducted at SMA Negeri
2 Karanganyar in the 2022/2023 academic year
which is located at Jalan Ronggowarsito, Bejen,
Karanganyar. The research type used is quasi
experimental with Potstest only control group
design. The research sample used two classes,
namely the control class and the experimental
class. The sampling technique with cluster
sampling. A cluster sampling technique is used as
a random and clumped sampling. In the control
class, the treatment was PBL learning, while in the
experimental class, PBL learning was combined
with SSl-based debates. The learning activities
applied to each class were then given a posttest to
determine students‘ argumentation skills and
students’ self-regulation.

The instruments used in this study were the
Learning Implementation Plan (RPP) in the form
of Teaching Modules, posttest questions, and self-
regulation questionnaires. The posttest questions
were based on the aspects of argumentation
proposed by Osborne et al (2004) namely claim,
evidence, and reasoning, while the student self-
regulation questionnaire was prepared
independently by the researcher based on 3 aspects
of self-regulation by Zimmerman (2000) consisting
of metacognition, motivation and behaviour which
were arranged in accordance with a Likert scale.
The assessment of the results of the argumentation
posttest is based on the scoring of argumentation
skills by Henderson & Osborne, (2019) as in Table
1.
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Table 1. Argumentation Skills Quality Index

Score Criteria
0 No response
1 Claims, data or reasons stated are false
2 Just giving a restatement of the previous
issue
3 Provide scientifically relevant statements

but do not fully describe the relation to the
data or reasons

4 Quotations of data are scientifically valid,
complete and relevant but do not provide
reasons

5 Reasoning statements are scientifically
valid, relevant and fully described without
mentioning data

6 Provides scientifically valid, relevant and
fully elaborated data and reasoning

The absolute requirement to get valid
research results is that the instruments used are
valid and reliable, with these instruments it is
expected that the research results will be valid and
reliable (Sugiyono, 2017). Testing the validity of
the instrument is done by testing content validity
and construct validity. The content validity test in
this study was carried out by consulting an expert
who has competence in accordance with his field.
The construct validity test on the questions and
questionnaires was carried out using the Pearson
correlation technique, with the decision making
that reount> riable. Five argumentation questions were
declared valid, namely the results of reount > rtaple
with a validity index > 0.799. The self-regulation
questionnaire consisting of 25 statements was also
declared valid with an average validity value of
0.4-0.799 where reount™> Fable. The instrument
continued with the reliability test using Cronbach's
Alpha. The reliability test coefficient of the
argumentation question is 0.891, while the self-
regulation guestionnaire is 0.924. The coefficient
of reliability of the two instruments is included in
the very high category and reliable to use. The
collected data were then processed and analysed.
The analysis was carried out with the help of SPSS
25 software. The data from the research results
were first carried out prerequisite tests, namely
normality and homogeneity tests. The normality
test used Shapiro-wilk while the homogeneity test
used the Levene test with a confidence level of 95%
(a=0.05).
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Hypothesis testing is carried out after the
normality test and homogeneity test fulfil the
requirements. Hypothesis testing aims to see the
comparison of existing variables and samples and
their effects. In this study, 2 types of tests were
carried out, namely the t-test and the Manova test.
The unpaired t-test is used to test whether there is
an average difference between two groups that are
independent of each other. This t-test in this study
was used to determine differences in students’
argumentation skills through test results, as well as
differences in students’ self-regulation through
guestionnaires.

The Manova test was used in this study
because it has two dependent variables, namely
argumentation skills and student self-regulation.
The Manova test was used to determine whether
there was a simultaneous difference between
argumentation skills and student self-regulation
with the application of the SSI-based PBL model
compared to the control class. The data collection
process and  observation of  learning
implementation were assisted by observers by
filling in the observation sheet instrument.

RESULTS AND DISCUSSIONS

The results of the first hypothesis test
showed that there was a real difference in PBL
combined with SSI-based debate on environmental
change material on students' argumentation skills.
The results of hypothesis testing using the t test of
argumentation skills in the control class and

experimental class obtained a significance result of
0.014 which is <0.05 Normality and homogeneity
tests were carried out before hypothesis testing, the
results of normality and homogeneity tests in both
the control and experimental classes obtained
results, namely the Sig value. >0.05 and it can be
concluded that the data is normal and
homogeneous so that it can be continued for the t
test as a hypothesis test. Based on the results of the
hypothesis test, it can be concluded that there are
differences in students' argumentation skills with
the use of PBL combined with SSI-based debates
and classes that only use PBL without combined
debates. The results of this study are in accordance
with Firdauzi et al., (2019) which states that the
application of PBL learning model combined with
debate  method can  improve  students'
argumentation skills. Furthermore, the debate
material presented with SSl-based also supports
students' argumentation skills, such as the research
conducted by Siska et al., (2020) which states that
SSl-based learning can improve students' scientific
argumentation skills. Controversial issues in SSI
can cause pros and cons, and to make a decision on
the issue requires reasoning. It is therefore possible
to practice the habit of argumentation and make
correct and logical decisions about controversial
issues (Istiana et al., 2019).

The percentage level of students'
argumentation skills on the posttest results can be
seen in Table 2 and Table 3.

Table 2. Percentage Level of Argumentation Skills of Control Class Students

Level Question Question Question Question Question Average
1 2 3 4 5 %
F % F % F % F % F %
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
3 8 22 2 5,6 7 19 12 33 4 11 18.3
4 16 44 17 47 12 33 15 42 17 47 42.8
5 12 33 17 47 13 36 9 25 14 39 36.1
6 0 0 0 0 4 11 0 0 1 2.8 2.8
Total 36 100 36 100 36 100 36 100 36 100 100

Description: F = Number of Students, % = Percentage of each level of argumentation (The
percentage of scientific argumentation skills is calculated by the number of students who
occupy the level (0, 1, 2, 3, 4, 5 or 6) divided by the total number of students then multiplied

by 100% (Suraya et al., 2019).
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Table 3. Percentage Level of Argumentation Skills of Experimental Class Students

Level Question Question Question Question Question Average
1 2 3 4 5 %
F % F % F % F % F %
0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
3 4 11 4 11 0 0 3 8.3 2 5.6 7.2
4 15 42 13 36 10 28 12 33 14 39 35.6
5 16 44 19 53 18 50 19 53 15 42 48.3
6 1 2.8 0 0 8 22 2 5.6 5 14 8.9
Total 36 100 36 100 36 100 36 100 36 100 100

Description: F = Number of Students, % = Percentage of each level of argumentation (The percentage
of scientific argumentation skills is calculated by the number of students who occupy the level (0, 1, 2,
3, 4,5 or 6) divided by the total number of students then multiplied by 100% (Suraya et al., 2019)

Table 2 shows data on the percentage of
students at each score level measuring
argumentation skills in the control class. Based on
the table, it can be seen that there are no students
who occupy levels 0 to 2. The largest percentage is
at level 4 which is 42.8% and shows that students
have been able to provide scientific, complete and
relevant data citations. The highest level, level 6,
only obtained a percentage with a result of 2.8%.

Table 3 shows data on the percentage of
students at each score level that measures
argumentation skills in the experimental class.
Based on the table, it can be seen that students have
also been able to occupy levels 3 to 6. The largest
percentage is at level 5 which is 48.3% and shows
that students are able to provide data citations
legitimately and scientifically, complete and
relevant. Students have also been able to provide
statements up to level 6 with a percentage result of
8.9% The percentage value of each level of
argumentation based on the acquisition of control
and experimental class scores is presented in
Figure 1.

Based on the histogram in Figure 1, it can be
seen that the average percentage of students'
argumentation skills in the experimental class is
higher when compared to the control class. Both in
the control class and experimental class, it is
known that students have been able to reach levels
three to six. In the control class, the highest
percentage score was at level 4 of 42.8%, while in
the experimental class the highest percentage score
was at level 5 of 48.3%. As a result, it can be
concluded that the average student has been able to

provide statements, evidence or reasons as a form
of argumentation in their answers.
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Figure 1. Histogram of Argumentation Level
Percentage

The difference in scores that occurred in the
control and experimental classes was due to the use
of different learning models. The experimental
class used the PBL model combined with SSI-
based debate, while the control class was without
debate activities. The PBL model combined with
debate involves students directly in an
investigation to find the truth of a problem to
provide a solution, this is in line to support students
to practice compiling arguments with statements,
evidence or data and reasons submitted (Berland &
Reiser, 2009). This is reinforced and supported by
SSl-based debate activities. In these activities,
students learn to solve a problem, answer questions
to make a decision so that they can increase and
understand knowledge (Arif, 2016).

Students in the experimental class were able
to demonstrate better argumentation skills by
showing a deep understanding of the topic, clear
language, and logical and structured arguments.
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They also provided arguments with clear and real
evidence. In the opposite case, students in the
control class tended not to provide sufficient
evidence for their arguments, and only stuck to the
books or other sources they read without exploring
new evidence from their experiences or
comparisons from the sources they had found.

An example of an argumentation question
given is about student responses related to the
brong exhaust trend among teenagers and the
ticketing operation carried out by the authorities.
Students in the experimental class can provide
answers clearly, starting from their opinions
agreeing or disagreeing, the reasons given, the
impact that occurs both in social and health
problems, and the solutions / actions taken by the
community or related parties to overcome these
problems. In addition, some students also
explained their personal experiences related to the
problems given. Whereas students in the control
class on average answered with short answers and
without any evidence to reinforce the reasons for
the answers they gave. Students in the experimental
class were generally more able to provide examples
or evidence as reasons in greater breadth and detail,
while students in the control class only provided
general examples or reasons. Examples of student
answers can be seen in Figures 2 and 3.

5 Menur saya, Soya Yidak Stuju dengon P engguncan knalpot ‘orong /m(mg
dikacenakan  clapat Menmbuikan  §Uarg yang bising  dan mengganqu
Masyarakat.  Selapy Mengianqu  kengamanan  wargd . knalped prong
Ju90” menmbyean Polusi - udara . p)amjukqu Lasus 4\\unj dan “raziar .

Mepakan  hukyy Yahwa knalpot browj Sdngad mengyangu -

Figure 2. Example of answers given by students in
the control class

&) Merund aya , saya Aidak shaju dengan aclanye {rend loalpod
e poay 4y 1deny o p
hwg‘/'a“"‘) cltkareralegn dapat menimbulkan clampal n;dqﬁ';
baik pada /lﬂjéunjun dan Juga mengqanggy  panuice
“teﬂjamanan Muijaml«uk) Adﬂ"‘j“ /‘“ﬂ({’(/( blvnj /"Myc‘aéﬁ:ﬁ
kendaraan  Memiliki emui  gas busng  yang (ebih tingys Kererg
diubak  Aar “M{po{ stanolar menjoads bmnj Iehl'njja dqrq(
Menurunkan  kualifas  udara . folusc  Udar dan suara  J4
didmbulkan 4@44;”‘( bem(amf;aL burul  pada  kesehatan
Manugia  Seperti  Penyakik  paru—paru - Kegiatan tilang dlan
fazia  Yyang dilalukan aleh /)/’Aak bemajhtz -mzmr:;/u;;g
lah safu {inclakan  algm Upaya  Manga cali feny
Z‘AZ/( baite  terrebul . ch,’a{an razi  Aersebut  Juga sudah
{erapkan  rmulal dart {fhgkm‘ bawal. Seperti ting kat
l’mnyak di{erapkan laporan  dart n‘LaQ,aqu{ yany
pr [ew  Karena bnnyakny p

Meraso,  Sangat ferganggu .
Figure 3. Example of answers given by students in
the experimental class
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The results of the second hypothesis test
show that there is a real difference in PBL
combined with SSI-based debate on environmental
change material on student self-regulation. The
results of hypothesis testing using the t test of self-
regulation in the control class and experimental
class obtained a significant result of 0.037, which
is <0.05. Normality and homogeneity tests were
carried out before hypothesis testing, the results of
normality and homogeneity tests in both control
and experimental classes obtained results, namely
the value of Sig. >0.05 and can be concluded that
the data is normal and homogeneous so that it can
be continued for the t test as a hypothesis test.
Based on the results of hypothesis testing, it can be
concluded that there are differences in student self-
regulation with the use of PBL combined with SSI-
based debates and classes that only use PBL
without combined debates. The results of this study
are in accordance with the statement of
Kusumawati et al., (2014) that PBL learning can
stimulate and develop student self-regulation, and
is strengthened by debate activities in the problem
solving process presented in the PBL. Self-
regulation in learning is related to the efforts made
by students in achieving learning goals.
(Mutmainnah, 2019). Therefore, through PBL
learning combined with debate, students can learn
to organize themselves to achieve goals through the
problem-solving process.

Self-regulation is a process in producing
thoughts, feelings, and actions. Students who have
good self-regulation are able to actively participate
metacognitively, motivationally and behaviorally
in the learning process (Zimmerman, 2000). The
histogram of the percentage value of each aspect of
self-regulation is presented in Figure 4.

Based on the histogram in Figure 4, it can be
seen that the percentage of aspects of
argumentation skills in the experimental class is
higher when compared to the control class. The
percentage order from the highest in both control
and experimental classes is the behavioral aspect,
the metacognitive aspect and the lowest in the
motivation aspect.
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Figure 4. Histogram of Percentage of Self-
Regulation Aspects

The metacognitive aspect of self-regulation
refers to the decision-making process that governs
the selection and use of different types of
knowledge (Zimmerman, 2000). Indicators in
metacognitive aspects consist of organizing and
transforming, designing and planning goals and
practicing and remembering. PBL activities
combined with debates train students to explore
and process various information, so that through
these activities metacognitive aspects can also be
developed, this is in accordance with the statement
Januarti et al., (2022) that the metacognition aspect
is the process of planning and processing
information.

Motivation is the driving force that exists in
everyone in organizing learning activities
(Zimmerman, 2000). The motivation aspect in the
experimental class has a higher percentage
compared to the control class. The difference is due
to the application of different learning methods,
namely the application of debate. The activity of
debate can motivate students to participate more
actively in learning (Pangestika et al., 2015). The
reason for students' participation is that they
perceive the debate as a task that must be
completed until they get a grade. The anxiety of
fearing that the task given cannot be completed
becomes a motivation in students (Sari & Yohana
Wuri Satwika, 2022). Therefore, in addition to the
tasks they get in PBL such as group discussions,
debates are one of the factors that trigger student
motivation in learning activities.

The last aspect is behavior. Behavior is an
effort from students in self-regulation, selecting
and utilizing the environment and creating an

Argumentation Skills and Self-Regulation of Students ...

environment that supports learning activities
(Zimmerman, 2000). Through PBL learning
combined with debate, students will be able to find
and search for sources or facts, one of which is by
conducting discussions. Group discussion in PBL
is also a means of developing behavioral aspects.
The student will complete the task by solving a
problem, answering questions, increasing and
understanding knowledge, and making decisions
(Arif, 2016). This can be achieved by applying
indicators of behavioral aspects such as seeking
information from the problems they get, reading
back related to the certainty of information, and
seeking help by conducting group discussions.

The results of the third hypothesis test show
that there is a simultaneous difference between
argumentation skills and student self-regulation
using PBL combined with SSI-based debate on
environmental change material. The conclusion is
obtained from the manova test results that the Sig
value <0.05, which is 0.011. These results
concluded that Ho was rejected and H; was
accepted. Students' argumentation and self-
regulation skills can be developed through PBL
learning combined with debate and supported by
learning materials that are associated with issues in
society, namely SSI. SSI is able to stimulate
students to analyze and reason to determine the
decision of a problem presented (Wilsa et al.,
2017).

Argumentation is a person's skill to carry out
the process of preparing a statement accompanied
by evidence and logical reasons with the aim of
justifying a belief, attitude or value, defending it
and influencing others (Suraya et al., 2019). This
can underline students how to think, act and
communicate scientifically that is strengthened by
data or evidence and based on science. Indirectly,
PBL activities combined with debates can train
students' argumentation skills as well as self-
regulation because in the process of preparing the
argument it must be based on regulating how to
think, act and communicate. Debate activities
encourage students to perform better self-
regulation. Examples of self-regulation carried out
by students in debate activities include how
students understand and undergo the agreed debate
rules. Students also pay more attention to the
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surrounding environment including how to deal
with debate opponents while gathering information
in the form of facts that students can use to support
the arguments they will convey. In the debate
activity, students must be able to manage
themselves to maintain good manners and try to
convey arguments precisely and clearly so as to
minimize errors in the delivery of arguments.

Aspects of students' argumentation skills
consisting of claims, evidence and reasoning can be
better conveyed and developed if students are also
able to control their internal regulation in the
aspects of metacognition, motivation and behavior.
Students' courage in presenting a claim is certainly
influenced by the existence of motivation in
students. The process of thinking carried out by
students to compile to be able to convey arguments
is influenced by the existence of internal abilities
related to metacognitive, motivational and
behavioral aspects (Phan, 2010). The statements
conveyed by students accompanied by evidence
and reasons are the result of the students' thought
process through planning, searching for sources of
information and knowing the consequences related
to what they convey in an argument. All the actions
taken by students in learning activities can be
accommodated properly and consciously through a
control and organization within themselves
(Zimmerman, 2000).

The activity of presenting arguments carried
out by students is inseparable from various
activities in the process of searching for
information, preparing arguments to determine the
arguments presented. In the experimental class, it
is known that students explore more information
from various sources. Some students are also
known to make their own notes to support
statements submitted either by group members or
independently. These notes also serve as material
for student evaluation and reflection in presenting
arguments, especially in debate activities. As an
evaluation and reflection material is to
independently correct the papers they make and
reflect on the mistakes in their writing. This
statement is in accordance with Robillos (2021),
that students’ performance through a written
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argumentation relates to the evaluation and
reflection components as part of self-regulation.

CONCLUSION

Based on the results of the study, it can be
concluded that there are significant differences in:
(1) students’ argumentation skills, (2) students’
self-regulation skills, (3) students' argumentation
and self-regulation skills using Problem Based
Learning (PBL) combined with socio-scientific
issues (SSI) based debate on environmental change
material. The research results can be used as a
reference related to PBL learning, debate method,
argumentation skills and students' self-regulation
abilities. This study still needs to be studied further.
Therefore,  researchers can  provide a
recommendation for further research, including the
dependent variable of argumentation can be
developed by measuring argumentation orally and
not only in writing. Instruments to measure self-
regulation can be developed more specifically not
only using questionnaires, so that they can show
and improve changes in students significantly.

ACKNOWLEDGMENTS

The researchers thanked the biology teacher
and students of class X SMA Negeri 2 Karanganyar
for actively participating in the research activities.

REFERENCES

Agnafia, D. N. (2019). Analisis kemampuan
berpikir kritis siswa dalam pembelajaran
biologi. Florea, 6(1), 45-53.

Angga, A., Abidin, Y., & Iskandar, S. (2022).
Penerapan pendidikan karakter dengan
model pembelajaran berbasis keterampilan
abad 21. Jurnal Basicedu, 6(1), 1046-1054.
https://doi.org/10.31004/basicedu.v6il1.208
4

Arends, R. I. (2012). Learning to teach 9.ed. In
Nucl. Phys. (Vol. 13, Issue 1). NY: Me Grew
Hill.

Arif, M. (2016). Peningkatan kemampuan
bertanya melalui metode debat aktif siswa
Kelas VIII di SMPN 2 Banguntapan Bantul.
E-Jurnal Prodi Teknologi Pendidikan, 5(5),
62-74.

This is an open access article under CC-BY-SA license (https://creativecommons.org/licenses/by-sa/4.0/)



Berland, L. K., & Reiser, B. J. (2009). Making

sense of argumentation and explanation.
Science  Education,  93(1), 26-55.
https://doi.org/10.1002/sce.20286

Demirbag, M. (2021). Modeling the relations

among argumentativeness, epistemological
beliefs  and  self-regulation  skills.
International Journal of Progressive
Education, 17(4), 327-340.
https://doi.org/10.29329/ijpe.2021.366.20

El-Henawy, W. M., Sayed, E., Dadour, M., El-

Bassuony, J., Salem, M. M., & El-Bassuony,
J. M. (2012). The effectiveness of using self-
regulation  strategies on  developing
argumentative writing of EFL prospective
teachers. Journal of the Egyptian
Association for Reading and Knowledge
Affiliate of the International Reading
Association, 27(1), 1-28.
https://www.researchgate.net/profile/Walaa

Argumentation Skills and Self-Regulation of Students ...

perkembangan era society 5.0. Edukatif:
Jurnal llmu Pendidikan, 4(2), 3011-3024.
https://doi.org/10.31004/edukatif.v4i2.2589

Istiana, R., Herawati, D., Nadiroh, N., & Angga

Mahendra, P. R. (2019). Efektivitas
Problem-Based Learning Terhadap
Keterampilan ~ Argumentasi  Mahasiswa
Tentang Isu Sosiosaintifik Lingkungan.
Edusains, 11(2), 286-296.
https://doi.org/10.15408/es.v11i2.14290

Januarti, A. N., Windyariani, S., & Juhanda, A.

(2022). Pengaruh self regulation learning
terhadap pengetahuan metakognitif peserta
didik kelas XI materi sistem ekskresi (the
effect of self regulation learning on
metacognitive knowledge of class XI
students on excretion system material).
BIODIK: Jurnal IImiah Pendidikan Biologi,
08(03), 91-98. https://online-
journal.unja.ac.id/biodik

-El-Henawy/publication/274303503

Facione, P. a. (2011). Critical thinking : what it is
and why it counts. Insight Assessment, ISBN

Juriah, J., & Zulfiani, Z. (2019). Penerapan Model
Problem Based Learning Berbantu Media
Video Untuk Meningkatkan Hasil Belajar

13: 978-1-891557-07-1., 1-28. Peserta Didik Pada Konsep Perubahan
https://www.insightassessment.com/CT - Lingkungan Dan Upaya Pelestarian.
Resources/Teaching-For-and-About- Edusains, 11(1), 1-11.

Critical-Thinking/Critical-Thinking-What-
It-1s-and-Why-I1t-Counts/Critical-Thinking-
What-It-1s-and-Why-1t-Counts-PDF

Fatmawati, D. R., Harlita, & Ramli, M. (2018).
Meningkatkan kemampuan argumentasi

https://doi.org/10.15408/es.v11i1.6394

Kusumawati, R. D., Sudariman, S., & Maridi, M.
(2014). Keefektifan penerapan model
problem based learning (PBL) dan model
learning cycle 7E (LC7E) serta integrasinya
siswa melalui action research dengan fokus terhadap hasil belajar ditinjau dari
tindakan think pair share. Proceeding kemampuan regulasi diri dan kreativitas
Biology Education Conference, 15(1), 253— siswa. Bioedukasi: Jurnal Pendidikan
2509, Biologi, 7(1), 1-9.

Firdauzi, F. S., Widiantie, R., & Handayani, H. https://jurnal.uns.ac.id/bioedukasi/article/vi

(2019). Penerapan model pembelajaran ew/2692
problem based learning dipadu metode Mutmainnah, M. (2019). Hubungan kemampuan

debat terhadap kemampuan berargumentasi.
Quagga : Jurnal Pendidikan Dan Biologi,
11(2), 49-54,
https://doi.org/10.25134/quagga.v11i1.163
3

Henderson, J. B., & Osborne, J. F. (2019). Chapter

5. using computer technology to support the
teaching and learning of argumentation in
chemistry. February, 79-105.
https://doi.org/10.1039/9781788012645-
00079

Indarta, Y., Jalinus, N., Waskito, W., Samala, A.

D., Riyanda, A. R., & Adi, N. H. (2022).
Relevansi  kurikulum merdeka belajar
dengan model pembelajaran abad 21 dalam

berfikir kritis dan regulasi diri. Journal
Education, Psycholgy and Counseling, 1(1),
27-34. https://lummaspul.e-
journal.id/Edupsycouns/article/view/309

Osborne, J., Erduran, S., & Simon, S. (2004).

Enhancing the quality of argumentation in
school science. Journal of Research in
Science Teaching, 41(10), 994-1020.
https://doi.org/10.1002/tea.20035

Pangestika, D. W., Harlita, & Suciati. (2015).

Perbandingan keterampilan proses sains
antara penerapan problem based learning
dipadu informal debate dan pembelajaran
konvensional pada siswa kelas X SMA
muhammadiyah 1 karanganyar tahun

EDUSAINS, Volume 16 Nomor 01 Tahun 2024, 81-82

This is an open access article under CC-BY-SA licence | p-ISSN 1979-7281 | e-ISSN 2443-128



Widyastuti, A. Y., Harlita, Indrowati, M.

pelajaran 2013/2014. Jurnal Pendidikan

Biologi, 7(1), 120-130.
https://jurnal.uns.ac.id/bioedukasi/article/vi
ew/2692

Phan, H. P. (2010). Critical thinking as a self-
regulatory process. Psicothema, 22(2), 284—
292.

Rahayu, Suhendar, & Ratnasari, J. (2020).
Keterampilan Argumentasi Siswa Pada
Materi  Sistem Gerak SMA  Negeri
Kabupaten Sukabumi-Indonesia. Biodik,
6(3), 312-318.
https://doi.org/10.22437/bio.v6i3.9802

Rahmawati, S., Masykuri, M., & Sarwanto.
(2019). Analisis Kemampuan Berpikir
Kritis Topik Klasifikasi Materi dan
Perubahannya Siswa SMP Negeri di
Kabupaten Magetan. Seminar Nasional
Pendidikan Sains, 173-178.

Robillos, R. J. (2021). Learners’ writing skill and
self-regulation of learning awareness using
computer-assisted  argument  mapping
(CAAM).  Teaching  English  with
Technology, 21(4), 76-93.

Sari, A. R.,, & Yohana Wuri Satwika. (2022).
Hubungan  Regulasi Diri  Dengan
Prokrastinasi Siswa Di Masa Pandemi
Covid-19. Jurnal Penelitian Psikologi, 9(1),
136-145.

Septiningrum, D., Khasanah, N., & Khoiri, N.
(2021). Pengembangan Bahan Ajar Biologi
Materi Virus Berbasis SocioScientific
Issues  (SSI) untuk  Meningkatkan
Kemampuan Berpikir  Kritis  Siswa.
Phenomenon : Jurnal Pendidikan MIPA,

11(2), 87-104.
https://doi.org/10.21580/phen.2021.11.1.49
73

Siska, S., Triani, W., Yunita, Y., Maryuningsih,
Y., & Ubaidillah, M. (2020). Penerapan
Pembelajaran Berbasis Socio Scientific
Issues Untuk Meningkatkan Kemampuan
Argumentasi llmiah. Edu Sains Jurnal
Pendidikan Sains & Matematika, 8(1), 22—
32. https://doi.org/10.23971/eds.v8i1.1490

Snyder, L. G., & Snyder, M. J. (2008). Teaching
Critical Thinking and Problem Solving
Skills How Critical Thinking Relates to
Instructional Design. The Delta Pi Epsilon
Journal, 1(2), 90-100.

EDUSAINS, Volume 16 Nomor 01 Tahun 2024, 82-82

Sugiyono. (2017). Metode Penelitian Kuantitatif,
Kualitatif, dan R&D. Alfabeta, CV.

Sumarni, E. N., Widodo, A., & Solihat, R. (2017).
Stimulating Students’ Argumentation using
Drawing — based Modeling on The Concept
of Ecosystem. International Journal of
Science and Applied Science: Conference
Series, 2(1), 98.
https://doi.org/10.20961/ijsascs.v2i1.16688

Suraya, Setiadi, A. E., & Muldayanti, N. D. (2019).
Argumentasi llmiah dan Keterampilan
Berpikir Kritis Melalui Metode Debat.

EDUSAINS, 11(2), 233-241.
http://journal.uinjkt.ac.id/index.php/edusain
S

Suwono, H., Pratiwi, H. E., Susanto, H., & Susilo,
H. (2017). Enhancement of students’
biological literacy and critical thinking of
biology through socio-biological case-based
learning. Jurnal Pendidikan IPA Indonesia,
6(2), 213-222.
https://doi.org/10.15294/jpii.v6i2.9622

Wilsa, A. W., Susilowati, S. M. E., & Rahayu, E.
S. (2017). Problem based learning berbasis
socio-scientific issue untuk
mengembangkan kemampuan berpikir Kritis
dan  komunikasi siswa. Journal of
Innovative Science Education, 6(1), 129-
137.
http://journal.unnes.ac.id/sju/index.php/jise

Zimmerman, B. J. (2000). Chapter 2: Attening
self-regulation A social  cognitive
perspective. In M. Boekaerts, P. R. Pintrich,
& M. Zeidner (Eds.), Handbook of self-
regulationHandbook of Self-Regulation (pp.
13-39).

This is an open access article under CC-BY-SA license (https://creativecommons.org/licenses/by-sa/4.0/)



