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ABSTRACT 

Scientific explanation skills are a key competency in science education that supports students’ ability 
to construct evidence-based scientific explanations. However, various studies indicate that these skills 
have not yet developed optimally in biology education. This study aims to explore the preliminary 
profile of high school students’ scientific explanation skills regarding the circulatory system. The 
study employed a descriptive quantitative approach involving 73 twelfth-grade students in two 
classes at a high school in Tasikmalaya. The research instrument consisted of a scientific explanation 
skills essay test developed based on the components of claim, evidence, reasoning, and rebuttal. Data 
were analyzed using quantitative descriptive analysis by calculating the percentage of achievement 
for each component. The results showed that students’ scientific explanation skills were still in the 
“insufficient” category, with an average achievement score of 58.64 in the first class and 55.26 in the 
second class. The “evidence” and “claim” components showed relatively higher achievement levels 
than “reasoning” and “rebuttal.” The low achievement levels in the “reasoning” and “rebuttal” 
components indicate that students still struggle to connect empirical evidence with scientific concepts 
logically and to evaluate alternative explanations critically. This study makes an initial contribution 
to describing the characteristics of students’ scientific explanation skills in high school biology lessons 
on the circulatory system. It provides a foundation for developing learning strategies based on 
scientific activities and scientific argumentation. Further research is recommended to test the 
effectiveness of various inquiry-based, scientific argumentation, and technology-integrated learning 
approaches in improving students’ scientific explanation skills. 
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Introduction  

Education is a vital pillar that facilitates Indonesia’s journey toward a prosperous future (Izza 
& Andrijati., 2024). One aspect of education instilled in Indonesian students is science 
education. In line with Berland and Reiser (2009), the goal of science education is to encourage 
students’ participation in scientific practice; therefore, our understanding of explanations 
must expand to include the process of constructing them. One way to strengthen science 
education is to implement science instruction in schools. The Natural Sciences (IPA) subject in 
schools equips students with science learning experiences. Broadly speaking, Natural Sciences 
is divided into three branches: biology, physics, and chemistry (Sholihat & Anwar, 2023). 
Biology, as one of the main branches of natural sciences, not only focuses on the study of life 
phenomena but also requires students to interpret and explain various natural processes 
scientifically (Hidayati & Nurmawati, 2025). Students' explanations are expected to be 
scientifically grounded. 

A scientific explanation is an explanation based on scientific facts that explains a 
phenomenon (Osborne & Patterson, 2011). A scientific explanation describes the product of 
science by detailing the processes, causes, and reasons behind a phenomenon (McNeill & 
Krajcik, 2009). This aligns with research conducted by Nurmatin and Aini (2024), which 
explains that scientific reasoning is crucial to strengthen in schools. This perspective indicates 
that scientific explanations play a vital role in building a comprehensive scientific 
understanding, rather than merely memorizing facts. Science education researchers and 
curriculum developers acknowledge that constructing scientific explanations is one of the 
primary epistemic practices students need to master (Acebes & Keith, 2024). A scientific 
explanation is a description used to answer why an event occurs or what causes a phenomenon 
in science (Ningsi et al., 2019). Mastery of scientific explanation skills is expected not only to 
foster theoretical understanding of scientific concepts but also to enable students to relate 
those concepts to real-world phenomena, interpret data accurately, and construct valid, logical 
scientific arguments. 

In this study, scientific explanation skills were constructed based on the scientific 
argumentation framework developed by McNeill and Krajcik, which is rooted in Toulmin’s 
Argument Pattern (TAP) theory. This framework states that scientific explanation skills are 
built through the relationship between a claim as the main statement, evidence as supporting 
data, and reasoning as the logical link between the two (McNeill & Krajcik, 2008). Developing 
scientific explanation skills includes adding rebuttal: the ability to propose alternative 
explanations, supported by evidence and reasoning that show those explanations are 
inaccurate (Mcneill & Krajcik, 2012). Recent studies have linked arguments that challenge a 
claim to “counterarguments,” while responses that challenge counterarguments are now 
considered “rebuttals” (Chuang & Yan, 2022). These four components work together to form 
a coherent and logical scientific explanation. 

Students' skill development has not yet matched the urgency of mastering these four 
components. Various research findings indicate that students’ scientific explanation skills 
remain unsatisfactory. Students still face various challenges, even in classroom learning 
contexts where scientific explanations have been explicitly presented (Mardhiyyah et al., 
2022). Students often struggle to articulate and defend their knowledge claims; they frequently 
have trouble coordinating their claims with their evidence (Parnafes, 2012).  Previous research 
indicates that students face the greatest difficulty in applying scientific principles to explain 
why the evidence they use supports their claims (McNeill et al., 2006). This aligns with earlier 
findings showing that most students struggle to connect empirical data to scientific concepts 
to construct logical arguments (Laksmi, 2021). This suggests that science education in schools 
emphasizes conceptual understanding and rote memorization more than developing deep 
scientific thinking skills. Findings from several similar studies show that the level of scientific 
explanation remains low, and students’ reasoning still fails to provide concrete evidence from 
natural phenomena to support their claims (Widiana et al., 2024). Students tend to act as 
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passive recipients of information, without actively engaging in formulating claims, identifying 
evidence, and developing reasoning that connects the two within a scientific conceptual 
framework (Tang & Putra, 2018).  

This tendency indicates that the four components of scientific explanation skills have 
not developed in an integrated manner but remain partial and fragmented. The dominance of 
assessment focused on factual cognitive aspects further reinforces this condition, as it does not 
provide space for students to construct, test, and revise scientific explanations reflectively. 
According to Sandrika et al. (2025), assessment practices in Indonesia are still dominated by a 
cognitive approach that emphasizes written test results. This situation indicates a gap between 
the demands of science learning, which emphasizes scientific practice, and classroom 
instruction that remains oriented toward reproducing knowledge. This gap underscores the 
need for a learning approach that explicitly integrates the development of claims, evidence, 
reasoning, and rebuttals as a unified whole in constructing comprehensive scientific 
explanations. 

  Based on these considerations, this study aims to explore the preliminary profile of 
students’ scientific explanation skills within the limited context of a specific high school 
biology topic. This study is not intended to make broad generalizations; rather, it provides an 
exploratory overview of the characteristics of students’ scientific explanation skills in a specific 
context. 

 
Methods 

This study used a descriptive quantitative approach to assess students’ initial scientific 
explanation skills. It was conducted at a high school in Tasikmalaya during the odd semester 
of the 2025/2026 academic year. The research subjects consisted of 12th-grade students. The 
researchers used purposive sampling, selecting students involved in learning activities that 
required scientific explanations. A total of 73 students served as research respondents. This 
study used a limited sample drawn from two classes; therefore, the results are contextual and 
not intended to generalize to a broader population. The research instrument consisted of a 
scientific explanation skills test developed based on four main components, according to 
Mcneill and Krajcik (2012): claim, evidence, reasoning, and rebuttal. The test consisted of 10 
essay-type questions on the human circulatory system. The selection of the circulatory system 
as the subject matter was based on the material's characteristics, which allow exploration of 
relationships between concepts, phenomena, and scientific reasoning in a contextual manner. 
The rubric for assessing scientific explanation skills is based on the Claim, Evidence, 
Reasoning, Rebuttal (CERR) framework developed by Mcneill and Krajcik (2012), which has 
been widely used in science education research to evaluate the quality of students’ scientific 
explanations. Each component is assessed based on achievement-level criteria that reflect the 
completeness and accuracy of the scientific explanation’s structure. Experts in biology 
education validated the instrument to ensure that the content and measurement indicators 
align with the research objectives. Test results were analyzed using quantitative descriptive 
analysis by calculating the percentage of achievement for each component of scientific 
explanation skills. The percentage of achievement was then categorized according to McNeill 
et al. (2006) into the assessment criteria shown in Table 1. 
 
Table 1. Categories of scientific explanation skills 

Percentage Description 

85 < 𝑃 ≤ 100 Excellent 
75 < 𝑃 ≤ 85 Good 

59 < 𝑃 ≤ 75 Fair 

54 < 𝑃 ≤ 59 Poor 

𝑃 ≤ 54 Very Low 

 



Yuliastuti et al, | Exploring Students’ Scientific Explanation 
 

81| Bioedukasi: Jurnal Pendidikan Biologi 

 

The formula used to calculate the average score for scientific explanation skills is as follows: 
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑐ℎ𝑖𝑒𝑣𝑒𝑚𝑒𝑛𝑡 𝑠𝑐𝑜𝑟𝑒 =
𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
× 100% 

 
The percentage scores for each component of scientific explanation skills (claim, 

evidence, reasoning, and rebuttal) were analyzed to identify patterns in students’ skills. The 
results are presented in tables and bar charts to provide a more representative view of the skill 
distribution. Score categorization was used to clarify the level of mastery for each component, 
so that the data obtained could provide a concise and accurate initial overview of students’ 
scientific explanation skills. 

Results and Discussion 

The analysis of students' percentage scores for scientific explanation skills was based on 
observations conducted in the class that was the subject of this study. The limited sample size 
means the results reflect the local conditions of the class under study; therefore, they must be 
interpreted with caution. Students’ scores were categorized into several components of 
scientific explanation skills, namely the ability to present scientific claims, the use of 
supporting evidence, reasoning that links evidence to claims, and the ability to construct a 
complete scientific explanation. Figure 1 shows the percentage of achievement for each 
component and illustrates variation in students’ proficiency across each aspect of scientific 
explanation skills. 
 

 
Figure 1. Analysis results of the percentage of achievement in scientific explanation skills 

 
Based on the figure above, the scientific explanation skills in the two classes indicate 

that students’ ability to construct scientific explanations remains in the low to insufficient 
category. The analysis results for the first class show an average scientific explanation skill 
score of 58.64, falling into the “inadequate” category. In contrast, the second class averaged 
55.26, which also falls into the “inadequate” category. These findings indicate that most 
students still struggle to construct complete scientific explanations based on the components 
of claim, evidence, reasoning, and rebuttal. 

Analysis of each component revealed differences in achievement patterns between the 
classes. In the first class, the highest achievement was in the evidence component (63.58%), 
followed by reasoning (62.04%) and claim (60.49%), while the lowest achievement was in the 
rebuttal component (48.46%). Meanwhile, in the second class, the “claim” component achieved 
the highest score at 65.47%, followed by “evidence” at 64.56%, while “reasoning” and 
“rebuttal” scored lower, at 53.15% and 37.84%, respectively. These results indicate that 
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students are more capable of presenting initial statements and citing simple evidence than of 
developing scientific reasoning and constructing evidence-based rebuttals. 

The low achievement in the reasoning and rebuttal components suggests that students 
are not yet accustomed to logically linking empirical evidence with scientific concepts or 
critically evaluating alternative explanations. Most students’ answers remain descriptive and 
rote-memorization-based, lacking comprehensive scientific arguments. This suggests that 
current biology instruction still tends to focus on mastering factual concepts, thereby failing 
to facilitate the development of scientific explanation skills optimally. Therefore, the results of 
this preliminary study provide an initial basis for understanding the importance of developing 
learning strategies based on scientific activities, evidence-based arguments, and practice in 
scientific reasoning in biology education. 

This trend aligns with findings from various studies showing that students often fail 
to understand the core of phenomena and cannot integrate scientific concepts to construct 
coherent arguments. Research by McNeill and Krajcik (2008) shows that students tend to cite 
available empirical data but struggle to connect it to scientific concepts, resulting in poor 
reasoning skills. This explains why the “evidence” component may score higher, even though 
reasoning ability remains low. 

Figure 2 presents a flowchart of the analysis results, illustrating the interrelationships 
among the components of scientific explanation skills and students’ common weaknesses at 
each stage of constructing a scientific explanation. 

 
Figure 2. Flowchart of scientific explanation skills and students’ weaknesses 

 
The figure illustrates the relationships among the components of scientific explanation 

skills, including claims, evidence, reasoning, and rebuttals, along with the common weakness 
students exhibit at each stage. Based on the analysis, the most prominent weakness was found 
in the reasoning component: students were not yet able to logically connect evidence to 
biological concepts. Meanwhile, in the rebuttal component, students tended to offer only 
simple alternative answers without supporting them with strong scientific reasoning.  

For one test item on the mechanism of blood circulation, most students described the 
flow of blood without conceptually linking it to the relationship between the heart's structure 
and its pumping function, reflecting limitations in the reasoning component. In the “claim” 
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component, most students were not yet able to formulate specific scientific statements 
appropriate to the given problem (Widiana et al., 2024). Parnafes (2012) research confirms that 
students often fail to grasp the core of a scientific phenomenon, making it challenging for them 
to formulate an appropriate claim. Meanwhile, McNeill et al. (2006) found that reasoning is 
the aspect students most frequently struggle with because it requires the skill of logically 
connecting evidence to scientific concepts.  

This aligns with findings from previous studies indicating that students tend to 
struggle to link scientific concepts to empirical data when explaining scientific phenomena 
(McNeill & Krajcik, 2008). These findings suggest that biology instruction in schools still places 
greater emphasis on cognitive aspects of memorization and conceptual understanding than 
fully developing comprehensive scientific thinking skills. The low level of scientific 
explanation skills indicates that students are not yet accustomed to using an evidence-based 
approach in constructing scientific arguments. 

This indicates that they still lack a thorough understanding of the core of the 
phenomenon being analyzed (Hsu et al., 2015). Regarding the “evidence” component, 
although it had the highest score among the three components, students generally only cited 
evidence in general terms without clearly linking it to the claim. According to Pakpahan et al. 
(2021) evidence can take several forms: numerical data, background information, 
observational data, and facts revealed through reading and discussion. The reasoning 
component indicates that students struggle to connect evidence with relevant scientific 
concepts to construct logical reasoning (Nurmatin & Aini, 2024). The presence of rebuttals 
indicates that students have begun to think critically by considering exceptions (Aisyah et al., 
2025). This low level of achievement may be caused by several factors, including a teacher-
centered learning process, a lack of laboratory activities, and limited opportunities for students 
to explore phenomena independently. According to Harefa (2025), limited practical learning 
facilities result in low student engagement in the learning process, which ultimately affects 
their overall learning outcomes. Laksmi (2021) states that scientific explanation skills develop 
when students are actively engaged in scientific activities that require evidence-based 
reasoning. These conditions highlight the need for a paradigm shift in biology education 
toward a greater emphasis on the scientific thinking process. Teachers need to encourage 
students to construct explanations through data-driven observation, experimentation, and 
discussion. 

According to Susilowati (2023), in classroom teaching practice, teachers rarely 
implement these methods due to time constraints during the teaching-learning process. 
Learning approaches such as inquiry-based learning, problem-based learning, computational 
thinking, or the integration of technology into the biology learning process are expected to 
serve as effective alternatives for improving students’ scientific explanation skills. Thus, 
students not only understand concepts theoretically but can also use them to explain scientific 
phenomena logically and based on evidence. These findings suggest that the learning process 
should focus on scientific activities that encourage students to construct arguments, analyze 
data, and connect concepts with phenomena. Support through inquiry-based approaches, 
problem-solving, argument-driven inquiry, and the integration of computational thinking and 
virtual laboratories has the potential to improve the quality of students’ scientific explanation 
skills in the circulatory system and other biology topics. These results show that students still 
face difficulties in establishing logical connections between scientific statements, empirical 
evidence, and the reasoning underlying the relationships between concepts. 

The findings of this study make an important contribution to the development of 
biology education in schools. The data indicate that students’ skills in constructing scientific 
explanations still need strengthening, particularly in linking evidence to claims and providing 
appropriate justifications. This information can serve as a foundation for teachers and 
researchers to design learning strategies that focus more on developing scientific explanation 
skills, thereby not only improving students’ understanding of biological concepts but also 
fostering the growth of science literacy as a key 21st-century competency. 
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Conclusion 

The results of the study indicate that the scientific explanation skills of students at a high 
school in Tasikmalaya remain in the low category across all components of claim, evidence, 
reasoning, and rebuttal as reflected in their limited ability to link empirical evidence with 
biological concepts to construct logical and structured scientific arguments. This suggests that 
biology instruction is still dominated by rote memorization rather than conceptual 
understanding, failing to provide learning experiences that foster scientific thinking skills, 
particularly in topics like the circulatory system, which require deeper analysis of biological 
phenomena. Based on the findings of this study, it is recommended that future research 
develop and test scientific activity-based learning approaches, such as inquiry-based and 
argument-driven inquiry, that provide students with broader opportunities to explore, 
observe, interpret data, and construct evidence-based arguments. This study has limitations 
regarding the sample size and scope; therefore, further research with a larger, more 
representative sample is needed. Further research should also consider integrating technology 
into biology education, such as computational thinking and virtual laboratories, as innovative 
approaches that can facilitate simulations of biological processes and support independent, 
data-driven problem-solving. Developing and testing these learning strategies is expected to 
further inform the design of interactive, relevant biology instruction, thereby more effectively 
enhancing students’ scientific explanation skills and science literacy. 

Acknowledgement 

The author would like to express appreciation and gratitude to the principal, biology teachers, 
and students of Tasikmalaya High School for their support during the observation and data 
collection process. Appreciation is also extended to the experts who validated the instruments 
and provided constructive feedback for this study. Thanks are also extended to colleagues and 
family for their moral support and encouragement throughout the writing process. 

Generative AI Disclosure 

Not applicable. 
 

References 

Acebes, E. I., & Keith, S. T. . (2024). Secondary science teachers’ instructional strategies for 
promoting the construction of scientific explanations. Science & Education, 33(4), 853–899. 
https://doi.org/10.1007/s11191-022-00412-5 

Aisyah, I. M., Fuat, F., & Khoiri, M. (2025). Variasi skema argumentasi siswa melalui dialog 
inquiry pada materi eksponen. Jurnal Pendidikan Matematika, 9(2), 453–459. 
https://doi.org/10.33087/phi.v9i2.574 

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 

Chuang, P.-L., & Yan, X. (2022). An investigation of the relationship between argument 
structure and essay quality in assessed writing. Journal of Second Language Writing, 56, 
100892. https://doi.org/10.1016/j.jslw.2022.100892 

Harefa, Y. F. (2025). Analisis kesulitan guru dan peserta didik dalam implementasi kurikulum 
merdeka pada mata pelajaran Biologi di SMA Negeri 1 Lahewa. EDUCATIONAL: Jurnal 
Inovasi Pendidikan Dan Pengajaran, 5(1), 29–36. 
https://doi.org/10.51878/educational.v5i4 

Hidayati, K. L., & Nurmawati, I. (2025). Analisis kesulitan memahami konsep biologi ditinjau 
dari gaya belajar siswa kelas XI IPA MAN 2 Probolinggo. Jurnal Sains Student Research, 
3(4), 123–138. https://doi.org/10.61722/jssr.v3i4.5249 

Hsu, C.-C., Chiu, C.-H., Lin, C.-H., & Wang, T.-I. (2015). Enhancing skill in constructing 
scientific explanations using a structured argumentation scaffold in scientific inquiry. 

https://doi.org/10.1007/s11191-022-00412-5
https://doi.org/10.33087/phi.v9i2.574
https://doi.org/10.1002/sce.20286
https://doi.org/10.1016/j.jslw.2022.100892
https://doi.org/10.51878/educational.v5i4
https://doi.org/10.61722/jssr.v3i4.5249


Yuliastuti et al, | Exploring Students’ Scientific Explanation 
 

85| Bioedukasi: Jurnal Pendidikan Biologi 

 

Computers & Education, 91, 46–59. https://doi.org/10.1016/j.compedu.2015.09.009 
Izza, K. K., & Andrijati., N. (2024). Integration of computational thinking in geogebra-assisted 

measurement learning on mathematical problem-solving skills. Jurnal Penelitian Dan 
Pengembangan Pendidikan, 8(3), 519–527. https://doi.org/10.23887/jppp.v8i3.78029 

Laksmi, M. L. (2021). Implementation of problem-based learning to increase scientific 
explanation skill in biology learning about the environment. Journal of Learning for 
Development, 8(3), 532–540. https://doi.org/10.56059/jl4d.v8i3.531 

Mardhiyyah, L., Supeno, S., & Ridloz, Z. R. (2022). Development of e-modules to improve 
scientific explanation skills in science learning for junior high school students. Jurnal 
Pendidikan MIPA, 23(1), 34–44. https://doi.org/10.23960/jpmipa/v23i1.pp34-44 

Mcneill, K., & Krajcik, J. (2012). Framework for constructing explanations in science (Pearson (ed.)). 
ERIC. https://eric.ed.gov/?id=ED534533 

McNeill, K. L., & Krajcik, J. (2008). Scientific explanations: Characterizing and evaluating the 
effects of teachers’ instructional practices on student learning. Journal of Research in Science 
Teaching, 45(1), 53–78. https://doi.org/10.1002/tea.20201 

McNeill, K. L., & Krajcik, J. (2009). Synergy between teacher practices and curricular scaffolds 
to support students in using domain-specific and domain-general knowledge in writing 
arguments to explain phenomena. Journal of the Learning Sciences, 18(3), 416–460. 
https://doi.org/10.1080/10508400903013488 

McNeill, K. L., Lizotte, D. J., Krajcik, J., & Marx, R. W. (2006). Supporting students’ construction 
of scientific explanations by fading scaffolds in instructional materials. Journal of the 
Learning Sciences, 15(2), 153–191. https://doi.org/10.1207/s15327809jls1502\_1 

Ningsi, S., Suhandi, A., Kaniawati, I., & Samsudin, A. (2019). KTG-SESC: Development of 
scientific explanation skills test instrument. Journal of Physics: Conference Series, 1157(3). 
https://doi.org/10.1088/1742-6596/1157/3/032050 

Nurmatin, S., & Aini, N. (2024). Pengaruh model pembelajaran inquiry-based learning terhadap 
kemampuan scientific reasoning pada mata pelajaran IPA di kelas V SDIT Wasilatul Huda. 

Osborne, J. F., & Patterson, A. (2011). Scientific argument and explanation: A necessary 
distinction? Science Education, 95(4), 627–638. https://doi.org/10.1002/sce.20438 

Pakpahan, A. F., Prasetio, A., Negara, E. S., Gurning, K., Situmorang, R. F. R., Tasnim, T., 
Sipayung, P. D., Sesilia, A. P., Rahayu, P. P., Purba, B., Chaerul, M., Yuniwati, I., Siagian, 
V., & Rantung, G. A. J. (2021). Metodologi penelitian ilmiah (A. Karim & J. Simarmata (eds.); 
1st ed.). Yayasan Kita Menulis. https://repository.unai.edu/id/eprint/656 

Parnafes, O. (2012). Developing explanations and developing understanding: students explain 
the phases of the moon using visual representations. Cognition and Instruction, 30(4), 359–
403. https://doi.org/10.1080/07370008.2012.716885 

Sandrika, T., Kartika, T. A., Hasibuan, T. K., Akil, A., & Azis, A. (2025). Transformasi penilaian 
pembelajaran di kelas dalam pembelajaran holistik di era kurikulum merdeka. Journal of 
Education Natural Sciences and Biology, 1(1). https://doi.org/10.69836/hayati.v1i1.344 

Sholihat, D., & Anwar, A. (2023). Rumpun ilmu pengetahuan alam dalam perspektif islam dan 
barat. Jurnal Sains Dan Teknologi, 5(2), 676–686. 
https://doi.org/10.55338/saintek.v5i2.2305 

Susilowati, D. (2023). Peningkatan keaktifan belajar peserta didik melalui implementasi 
metode eksperimen pada mata pelajaran IPAS. Khazanah Pendidikan: Jurnal Ilmiah 
Kependidikan, 17(1), 186–196. https://doi.org/10.30595/jkp.v17i1.16091 

Tang, K.-S., & Putra, G. B. S. (2018). Infusing literacy into an inquiry instructional model to 
support students’ construction of scientific explanations. In K.-S. Tang & K. Danielsson 
(Eds.), Global Developments in Literacy Research for Science Education. Springer 
International Publishing, 281–300. https://doi.org/10.1007/978-3-319-69197-8_17 

Widiana, L. V. W., Prayitno, B. A., & Sugiharto, B. (2024). Framework problem solving based 
augmented reality media to empower scientific explanation skill. Jurnal Pendidikan Biologi, 
10(2), 631–639. https://doi.org/10.22219/jpbi.v10i 2.32387 

 

https://doi.org/10.1016/j.compedu.2015.09.009
https://doi.org/10.23887/jppp.v8i3.78029
https://doi.org/10.56059/jl4d.v8i3.531
https://doi.org/10.23960/jpmipa/v23i1.pp34-44
https://eric.ed.gov/?id=ED534533
https://doi.org/10.1002/tea.20201
https://doi.org/10.1080/10508400903013488
https://doi.org/10.1207/s15327809jls1502/_1
https://doi.org/10.1088/1742-6596/1157/3/032050
https://doi.org/10.1002/sce.20438
https://repository.unai.edu/id/eprint/656
https://doi.org/10.1080/07370008.2012.716885
https://doi.org/10.69836/hayati.v1i1.344
https://doi.org/10.55338/saintek.v5i2.2305
https://doi.org/10.30595/jkp.v17i1.16091
https://doi.org/10.1007/978-3-319-69197-8_17
https://doi.org/10.22219/jpbi.v10i%202.32387

