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Abstract: This study explores the impact of science literacy on improving students' argumentation skills at SMA Negeri 21
Surabaya during the 2023/2024 academic year, within the context of the "Merdeka Belajar" initiative and 21st-century
competencies. This quantitative correlational research involved 60 students from classes XI-2 and XI-10, selected using
purposive sampling techniques. Based on Toulmin's argument model and the PISA science literacy framework, data was
collected through science literacy tests and argumentation skill assessments. Data analysis using Minitab 18 revealed a
significant positive correlation between science literacy and argumentation skills, with p < 0.05 and correlation coefficients
of 0.710 for class XI-2 and 0.926 for class XI-10. These findings support the hypothesis that enhancing science literacy can
improve students' argumentation skills. This study highlights the importance of integrating argumentation skills into
science education to enhance science literacy and recommends developing a curriculum that supports argumentation

practices to improve students' critical thinking and problem-solving skills.
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Introduction

In the Industrial Revolution 4.0 era, the quality of
human resources with intelligence and character is needed
to face challenges and intense global competition [1]. The
Industrial Revolution 4.0, which began in 2011, demands
innovative learning systems and 21st-century competencies
to drive the nation's economic growth and competitiveness.
Indonesia has been working to improve education and
social quality, which are interrelated with the "Merdeka
Belajar" initiative promoted by the Minister of Education,
Culture, Research, and Technology, Nadiem Makarim [2].
The US-based Partnership for 21st Century Skills (P21)
identifies  critical thinking, creative  thinking,
communication, and collaboration skills as competencies
needed in the 21st century. These competencies are known
as 4C competencies [3].

Wagpner, in 2010, stated that students need to master
effective ways of communicating, both orally and in writing
[4]. The way a person expresses an idea can show reasoning
ability. Based on PISA (Program for International Student
Assessment) 2015 data, students are still unable to solve
guestions that require reasoning; the science literacy
ranking of Indonesian students is still low and ranks 64th
out of 72 participating countries with a score of 403 below
the score set by the OECD Institute [5].

One of the right ways to improve science literacy
skills is to provide opportunities for students to understand
science in everyday life and argue about dealing with
everyday problems. This argument will be used to deal with
various problems and knowledge issues that exist in
everyday life [6].

Research conducted by Djohar Maknun concluded
that students' improvement in science literacy is directly
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proportional to their improvement in argumentation skills.
Thus, argumentation skills can be developed during
learning to strengthen students' science literacy [7].

Learners' argumentation skills are essential because
they identify activities to be applied in learning to improve
understanding and achievement of cognitive levels.
Argumentation can also restore the goals of science
education in a balanced manner [8].

Nowadays, the world of education requires learners
to develop argumentation skills [9]. Jimenez Aleixandre
and Erduran state that argumentation is the solution to
almost all problems in science education, as it helps
learners learn complex things, such as evidence evaluation,
and assists teachers in understanding and supporting the
learning process in science classrooms [10]. Science
principles are used to address problems and make decisions
in everyday life. Relevant learning can increase learners'
awareness of the importance of science in determining their
careers and roles as members of society [11]. This aligns
with the goal of science learning, which is to emphasise the
importance of science in current and future society. With
sound science literacy and argumentation skills, learners are
expected to compete globally and improve Indonesia's
education quality [6].

This background is used as a basis for research
entitled "Science Literacy Support for Improving Learners'
Argumentation Skills." This study aims to assess the
improvement of students’ argumentation skills through the
application of science literacy strategies in learning.

In the study titled "Science Literacy Support for
Improving Learners' Argumentation Skills,” two main
variables were analysed. The independent variable is
science literacy, defined as an individual's ability to
understand, apply and evaluate scientific information in
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everyday life. Science literacy is essential in preparing
learners to become knowledgeable citizens and able to
argue well about science issues [12]. Meanwhile, the
dependent variable is argumentation skills, which include
the ability to put forward, support, and respond to
arguments effectively. Argumentation skills are essential in
science education as they encourage critical thinking and
the ability to examine multiple perspectives [13]. In
addition, this study also considered control variables such
as demographic factors (age, gender, educational
background), learning environment, and teaching methods
used. With this framework, the main hypothesis proposed is
that science literacy support has a significant favourable
influence on improving students' argumentation skills.
Measuring science literacy can be done through
standardised test instruments, while argumentation skills
can be assessed using rubrics that evaluate the quality of
arguments and engagement in discussions.

Research Methods
Type of Research and Sample Determination

This research is a quantitative study with a
correlational design. Correlational research aims to
determine the relationship between two or more variables,
such as science literacy and students' argumentation skills.
The quantitative method was chosen because it allows
objective measurement and statistical analysis to provide
empirical evidence of the relationship between these
variables. This research was conducted in May 2024. The
determination of the sample in this study was carried out
through a purposive sampling technique. The population in
this study were all grade XI students at SMA Negeri 21
Surabaya in the 2023/2024 school year. The research
subjects were students from classes XI-2 and XI-10, with
30 people in each class. Samples were taken from two
classes (XI-2 and XI-10) to ensure variation and obtain
more comprehensive data. It is also possible to see if the
relationship between science literacy and argumentation
skills is consistent across different grade groups.

Research Procedure

This research procedure includes planning,
implementation, and data processing stages. The planning
stage includes identifying research variables, preparing
research instruments such as science literacy tests and
argumentation  assessment  rubrics, and obtaining
permission  from the school. Furthermore, the
implementation stage involved determining samples from
classes XI-2 and XI-10, conducting science literacy tests
where students worked on the tests and assessing
argumentation based on specific scientific cases. The final
stage is data processing, where the students' science literacy
and argumentation test results are evaluated and analysed.

Research Instruments

The research instrument used is a description test
consisting of 12 questions to measure argumentation skills
based on Toulmin's indicators and four questions to
measure science literacy skills based on PISA [14].
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Data Analysis

Data processing was carried out using Minitab 18
software. For the prerequisite test, the data normality test
was carried out using the Ryan-Joiner test, while for
hypothesis testing, the Pearson Product Moment correlation
test was used.

Results and Discussion

The prerequisite test in this study used a normality
test using the Ryan-Joiner test with the help of Minitab 18
tools. The results of the normality test for the
argumentation skills of class XI-2 can be seen in the
following figure.
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Figure 1. Normality Test of Argumentation Skills of Class
XI-2

The normality test results for argumentation skills of
class XI-10 can be seen in the following figure.

Argumentation Skill of Class XI-10
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Figure 2. Normality Test of Argumentation Skills of Class
XI-10

The normality test results for the science literacy
skills of class XI-2 can be seen in the following figure.
Based on the results of the normality test with the Ryan-
Joiner method in Figure 1, Figure 2, Figure 3, and Figure 4,
the p-value is more significant than 0.1, which is greater
than the error rate (o) used, namely 0.05. So, it can be
concluded that the data on argumentation and science
literacy skills in classes XI-2 and XI-10 are normally
distributed and can be analysed using parametric statistical
methods.
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Figure 3. Normality Test of Science Literacy Skills of
Class XI-2

The normality test results for the science literacy
skills of class XI-10 can be seen in the following figure.

Science Literacy Skills of Class XI-10
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Figure 4. Normality Test of Science Literacy Skills of
Class XI-2

After the prerequisite test, the hypothesis test is
carried out. The relationship between argumentation skills
and science literacy was tested using the Pearson Product
Moment correlation test. This is because, based on the
normality test, the data on argumentation skills and science
literacy skills are both normally distributed. The correlation
test results are presented in Figure 5, with the hypothesis
formulation below.

The hypothesis in this study consists of two
formulations, namely HO, which states that argumentation
skills do not have a significant positive relationship to
science literacy skills, and H1, which states that
argumentation skills have a considerable positive
relationship to science literacy skills. The test criteria used
are if the P value <0.05, then HO is rejected and H1 is
accepted, while if the P value >0.05, then HO is accepted
and H1 is rejected.

The correlation test results show a significant
relationship between argumentation and science literacy
skills in class XI-2. The p-value of 0.000 indicates this
result is significant (usually p < 0.05 is considered
significant), and the Pearson correlation value of 0.710
indicates a strong positive correlation.

The correlation test results you mentioned show a
very strong relationship between argumentation skills and
science literacy skills in class XI-10. The p-value of 0.000
indicates that the results are highly statistically significant,
meaning there is a minimal chance that this relationship
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occurred by chance. The Pearson correlation coefficient of
0.926 indicates a very strong positive relationship, meaning
that the better the students' argumentation skills, the better
their science literacy skills. This could be the basis for
developing teaching strategies that integrate both skills.

This is in line with existing research that states that
if science literacy skills increase, argumentation skills
increase as well. Therefore, argumentation skills need to be
presented in learning so that students' science literacy skills
increase. This research also states a positive relationship
between argumentation and science literacy skills.

Science literacy can enhance argumentation skills by
providing the foundational knowledge and critical thinking
abilities to construct and evaluate arguments effectively.
Students with a strong understanding of scientific concepts
and methods can better analyse evidence, identify logical
fallacies, and build coherent arguments. Additionally,
science literacy encourages a questioning mindset and an
appreciation for evidence-based reasoning, which is crucial
for effective argumentation. A solid understanding of
scientific principles allows students to draw information
from various factual sources when constructing arguments.
This depth of knowledge helps them make more accurate
and persuasive points. Science Literacy involves the ability
to evaluate data, identify biases, and understand the
reliability of sources. These skills are directly applied in
argumentation, where assessing the strength and relevance
of evidence is essential. Science literacy also teaches
students to base their conclusions on empirical evidence
rather than assumptions or unsupported claims. This
practice is fundamental to constructing robust arguments.
Scientific inquiry often involves solving complex problems
through systematic investigation. These problem-solving
skills can be transferred to the context of argumentation,
enabling students to tackle complex issues logically and
systematically. Science education frequently requires
students to explain their findings and reasoning clearly.
This practice enhances their ability to articulate arguments
effectively.

A study by Kuhn and Udell (2003) found that
teaching students to engage in scientific argumentation
significantly improved their overall argumentation skills
[16]. The researchers concluded that constructing and
defending scientific arguments helped students develop a
more structured approach to argumentation, which could be
applied to other domains. Another study by Osborne,
Erduran, and Simon (2004) emphasised incorporating.
Argumentation in science education helps students better
understand the nature of science [17]. This understanding,
in turn, enhances their ability to engage in meaningful
discourse about scientific and non-scientific issues.

Furthermore, a meta-analysis by Sampson and Clark
(2008) revealed that interventions aimed at improving
science literacy also positively impacted students'
argumentation skills [18]. The analysis showed that
students who participated in science literacy programs were
more adept at constructing and evaluating arguments,
supporting the fact that science literacy and argumentation
skills are closely linked. Overall, the enhancement of
argumentation skills through science literacy is well-
supported by existing research. The foundational
knowledge, critical thinking abilities, and evidence-based
reasoning skills developed through science literacy are
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essential to effective argumentation. This relationship
underscores integrating argumentation practices into
science education to foster scientific understanding and
argumentation proficiency.

According to PISA 2018, a person who has science
literacy is someone willing to engage regarding science and
technology and is required to have the ability of the first
three  competencies, namely explaining scientific
phenomena by recognising, offering and evaluating
explanations for sharing natural and technological
phenomena, the second competency is evaluating and
designing scientific investigations by describing and
assessing scientific investigations and offering ways to
handle scientific questions, and the third is interpreting
scientific data and evidence by analysing and evaluating
data, claims, and arguments can vary repetition and draw
scientific conclusions appropriately [14].

One of the characteristics of science-literate students
is being able to apply science concepts in problem-solving
©sito design and evaluate scientific investigations and
collect valid data or evidence [25]. Competencies in
assessing and designing investigations and procedural
knowledge enable learners to conduct scientific
investigations in ways that produce reliable data. This data
is then used to support scientific claims in learners'
argumentation. Thus, developing good science literacy
improves argumentation skills, as learners can better design
valid experiments and gather evidence that supports their
claims scientifically.

The ability to interpret scientific data and evidence
is closely related to stating evidence in arguments. Learners
who interpret data identify evidence supporting their
scientific claims [27]. Evidence is an essential component
in building strong and valid arguments.

Epistemic knowledge enables learners to understand
and explain why the evidence they gather supports the
claim (warrant) and to provide additional support (backing)
for the claim. Learners must know how the evidence was
generated and its validity.

The ability to interpret data also helps learners to
state qualifiers, which show the extent to which the data
supports the claim, and rebuttals, which address potential
counter-arguments. A deep understanding of data and the
scientific method enables learners to recognise the
limitations of their evidence and make more balanced and
credible arguments [28].

Hubungan antara literasi sains dan keterampilan
argumentasi terlihat jelas dalam cara peserta didik
menggunakan data dan bukti ilmiah untuk mendukung
klaim mereka. Kompetensi menafsirkan data dan bukti
ilmiah  serta  pengetahuan  epistemik  mendukung
kemampuan mereka dalam menyatakan evidence, warrant,
backing, qualifier, dan rebuttal [29]. Dengan
mengembangkan literasi sains, peserta didik tidak hanya
memahami  konten ilmiah tetapi juga bagaimana
menggunakan bukti secara efektif untuk membangun
argumen yang kuat dan valid.

Conclusion

This study shows a positive significant relationship
between argumentation skills and science literacy in class
XI-2 and XI-10 students, with normally distributed data
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allowing parametric statistical analysis. The Pearson
Product Moment correlation test revealed that the
improvement in science literacy was in line with the
improved argumentation skills, with the correlation
coefficient showing a strong to very strong relationship.
These results confirm the importance of science literacy
development in improving students' argumentation skills,
enabling them to make valid scientific claims and
participate in evidence-based scientific discussions.

References

[1] Ismail, S., Suhana, S., & Hadiana, E. (2020).
Kompetensi Guru Zaman Now Dalam Menghadapi
Tantangan Di Era Revolusi Industri 4.0. Atthulab:
Islamic Religion Teaching and Learning Journal,
5(2), 198-209.

[2] Kurniati, R., & Rofiah, K. (2024). Kepemimpinan
Wakil Kepala Sekolah Bidang Kurikulum Dalam
Menerapkan Kebijakan Merdeka Belajar Di SMK
Negeri 2 Depok Kabupaten Sleman, Daerah
Istimewa Yogyakarta. Santhet (Jurnal Sejarah
Pendidikan Dan Humaniora), 8(1), 482-492.

[3] A. Darmuki, A. Hariyadi, and N. A. Hidayati,
“Pembelajaran PBL Kolaborasi PjBL untuk
Meningkatkan Keterampilan 4C pada Mata Kuliah
Pragmatik,” Media Penelit. Pendidik. J. Penelit.
dalam Bid. Pendidik. dan Pengajaran, vol. 16, no.
1, pp. 21-27, 2022, doi:
10.26877/mpp.v16i1.12050.

[4] Darmuki, A., Hariyadi, A., & Hidayati, N. A.
(2022). Pembelajaran PBL Kolaborasi PjBL untuk
Meningkatkan Keterampilan 4C pada Mata Kuliah
Pragmatik. Media Penelitian Pendidikan: Jurnal
Penelitian dalam Bidang Pendidikan dan
Pengajaran, 16(1), 21-27.

[5] Hasmaningsih, L., Karnan, K., & Handayani, B. S.
(2022). Level of scientific argumentation ability of
students in biology learning. Jurnal Pijar Mipa,
17(6), 717-722.

[6] F. Putriana, “Hubungan antara Kemampuan Literasi
Sains dengan Keterampilan Argumentasi Peserta
Didik SMA pada Materi Virus,” Bachelor’s thesis,
Jakarta FITK UIN Syarif Hidayatullah Jakarta,
2021.

[7] Maknun, D. (2014). Penerapan pembelajaran
kontekstual untuk meningkatkan literasi sains dan
kualitas argumentasi siswa pondok pesantren daarul
uluum pui majalengka pada diskusi sosiosaintifik
IPA. Jurnal Tarbiyah, 21(1).

[8] Devi, N. D. C., VH, E. S., & Indriyanti, N. Y.
(2019). Analysis of high school students’
argumentation ability in the topic of buffer solution.
JKPK (Jurnal Kimia Dan Pendidikan Kimia), 3(3),
141-151.

[9] Rachmantika, A. R., & Wardono, W. (2019,

February). Peran kemampuan berpikir kritis siswa

pada pembelajaran matematika dengan pemecahan

masalah. In PRISMA, Prosiding Seminar Nasional

Matematika (Vol. 2, pp. 439-443).

Hasnunidah, N., Maulina, D., & Rakhmawati, I.

(2022). Pengembangan Model Pembelajaran

Argumentatif-Berbasis Proyek Melalui Pendekatan

[10]

756



Jurnal Pijar MIPA

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Blended Learning Pada Sekolah Menengah Pertama
di Provinsi Lampung. Laporan Penelitian Terapan
Tahun 2022.

Fitria, Y., & Indrasari, W. (2020). Pengembangan
model pembelajaran PBL berbasis digital untuk
meningkatkan karakter peduli lingkungan dan
literasi sains.

Laudonia, I., Mamlok-Naaman, R., Abels, S., &
Eilks, I. (2018). Action research in science
education-an analytical review of the literature.
Educational action research, 26(3), 480-495.
Zohar, A., & Nemet, F. (2002). Fostering students'
knowledge and argumentation skills through
dilemmas in human genetics. Journal of Research
in Science Teaching: The Official Journal of the
National Association for Research in Science
Teaching, 39(1), 35-62.

Zohar, A., & Nemet, F. (2002). Fostering students'
knowledge and argumentation skills through
dilemmas in human genetics. Journal of Research
in Science Teaching: The Official Journal of the
National Association for Research in Science
Teaching, 39(1), 35-62.

Fadlika, R., Hernawati, D., & Meylani, V. (2022).
Kemampuan Argumentasi dan Kemampuan Literasi
Sains Peserta Didik Kelas XI MIPA Pada Materi
Sel. LENSA (Lentera Sains): Jurnal Pendidikan
IPA, 12(1), 9-18.

Kuhn, D., & Udell, W. (2003). The development of
argument skills. Child development, 74(5), 1245-
1260.

Oshorne, J., Erduran, S., & Simon, S. (2004).
Enhancing the quality of argumentation in school
science. Journal of research in science teaching,
41(10), 994-1020.

Sampson, V., & Clark, D. (2009). The impact of
collaboration on the outcomes of scientific
argumentation. Science education, 93(3), 448-484.
Yolantia, C., Artika, W., Nurmaliah, C., Rahmatan,
H., & Muhibbuddin, M. (2021). Penerapan modul
problem based learning terhadap self efficacy dan
hasil belajar peserta didik. Jurnal Pendidikan Sains
Indonesia  (Indonesian  Journal of  Science
Education), 9(4), 631-641.

Gultepe, N., & Kilig, Z. (2021). The Effects of
Scientific Argumentation on High School Students'
Critical Thinking Skills. International Journal of
Progressive Education, 17(6), 183-200.

Zohar, A., & Nemet, F. (2002). Fostering students'
knowledge and argumentation skills through
dilemmas in human genetics. Journal of Research
in Science Teaching: The Official Journal of the
National Association for Research in Science
Teaching, 39(1), 35-62.

Rahayu, Y., Suhendar, S., & Ratnasari, J. (2020).
Keterampilan Argumentasi Siswa Pada Materi
Sistem Gerak SMA Negeri Kabupaten Sukabumi-
Indonesia:(Student's  Argumentation  Skills on
Motion Systems Material at SMA Negeri
Sukabumi-Indonesia). Biodik, 6(3), 312-318.
Braten, 1., Braasch, J. L., Stremsg, H. I, &
Ferguson, L. E. (2015). Establishing
trustworthiness when students read multiple

[24]

[25]

[26]

[27]

[28]

[29]

September 2024, VVolume 19 No. 5: 753-757

documents  containing  conflicting  scientific
evidence. Reading Psychology, 36(4), 315-349.
Fatmawati, D. R., Harlita, H., & Ramli, M. (2018).
Meningkatkan kemampuan argumentasi siswa
melalui action research dengan fokus tindakan think
pair share. In Proceeding Biology Education
Conference: Biology, Science, Enviromental, and
Learning (Vol. 15, No. 1, pp. 253-259).

Turiman, P., Omar, J., Daud, A. M., & Osman, K.
(2012). Fostering the 21st century skills through
scientific literacy and science process skills.
Procedia-Social and Behavioral Sciences, 59, 110-
116.

Lukitasari, M., Handhika, J., & Murtafiah, W.
(2021). Model Pembelajaran Berdasarkan Masalah
Melalui Digital argumentation (PBM-DA). CV. AE
MEDIA GRAFIKA.

Duncan, R. G., Chinn, C. A,, & Barzilai, S. (2018).
Grasp of evidence: Problematizing and expanding
the next  generation science  standards’
conceptualization of evidence. Journal of Research
in Science Teaching, 55(7), 907-937.

Hanri, C., Rosli, M. S., Bunyamin, M. A. H,,
Ismail, N., & Ilbrahim, N. H. (2019). Scientific
Argumentation Practice and Verbal Interaction in
Chemistry Classroom Among 10 th Grade Students.
argumentation, 17, 19-21.

Putri, A. M. K. Pengaruh Model Argument Driven
Inquiry Terhadap Kemampuan Literasi Sains
Peserta Didik (Bachelor's thesis, UIN Syarif
Hidayatullah Jakarta: Fakultas Ilmu Tarbiyah dan
Keguruan, 2017).

757



