
 
IJORER: International Journal of Recent Educational Research 
Homepage: https://journal.ia-education.com/index.php/ijorer 
Emal: ijorer@ia-education.com 

p-ISSN : 2721-852X ; e-ISSN : 2721-7965 
IJORER, Vol. 7, No. 5, September 2026 

Page 853-867 
© 2026 IJORER:  

International Journal of Recent Educational Research 
 

 
853 

High School Students' Argumentation Skills: Biology Learning 
Innovations with the STEM-RANDAI Model 

 
Elisa Ayu Lestari1, Fitri Arsih2*, Muhyiatul Fadilah3, Heffi Alberida4, Moralita Chatri5,  

Rani Asmara6, Widya Aziz7, Helsa Rahmatika8 
1,2,3,4,5Departemen Biologi, Universitas Negeri Padang, Sumatera Barat, Indonesia 

6SMA Negeri 1 Mojokerta, Jawa Timur, Indonesia 
7SMA Negeri 10 Padang, Sumatera Barat, Indonesia 

8Doctoral Program Students Faculty of Science and Mathematics at Universiti Pendidikan Sultan Idris, Malaysia 
 

   DOI : https://doi.org/10.46245/ijorer.v7i5.1288 

Sections Info  ABSTRACT 
Article history: 
Submitted: December 16, 2025 
Final Revised: May 12, 2026 
Accepted: May 25, 2026 
Published: September 08, 2026 

Objective: Develop students' argument skills through biology learning 
based on the STEM-RANDAI model. This model integrates six phases 
(reciting, analyzing, narrating, doing the solution, assessing, and 
implementing), so that students not only learn science concepts, but also 
build evidence-based arguments through collaborative and contextual 
activities. Method: This study adopted a quasi-experimental design with a 
Nonequivalent Control Group Design involving three groups (experimental 
class, positive control class and negative control class) to compare the results 
(posttest) between the three groups after the treatment was given. The goal 
is to apply the STEM-RANDAI model and develop innovative biology 
learning tools to improve students' argument skills. Results:  The findings of 
the study show that there is a significant influence of the STEM-RANDAI 
learning model on the improvement of argumentation skills with a 
significance value of p = 0.000 (p < 0.001). Novelty: The novelty of this 
research lies in the RANDAI (Culture-based learning) model integrated with 
the STEM approach (STEM-RANDAI model) which is explicitly adapted to 
the context of West Sumatra high schools, Indonesia. The integration of 
cultural values in this learning model makes model innovation that is 
relevant to the needs of the 21st century, as well as unique by combining the 
two to create a model that addresses the gap in argument skills of students 
in West Sumatra, Indonesia.  
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INTRODUCTION 
In the 21st century, argumentation skills are essential for science learning. 
Argumentation enables students to construct claims, evaluate evidence, justify 
reasoning, and engage in scientific discourse, all essential components of scientific 
literacy and second-century skills (Dawson, 2024). Argumentation skills are defined as 
the capacity of individuals to express opinions supported by relevant facts and 
evidence (Hardini & Alberida, 2022). Arguing is a practice that combines various 
viewpoints, both socially and scientifically, that is often a cause of controversy outside 
of the science classroom environment (Garrecht et al., 2021). International educational 
frameworks such as PISA and the Next Generation Science Standards (NGSS) highlight 
argumentation as a crucial practice in science learning. Therefore, effective science 
learning must facilitate students' development of evidence-based reasoning and 
argumentation skills.  

Argumentation skills are an important ability, however, several studies on high 
school students in Indonesia show that argumentation skills still need to be improved 
significantly. (Sinambela et al., 2023; Hardini & Alberida, 2022; Nanda A, Sukamto, 
2024; Rakhmawan et al., 2024;  Ummiah & Fuadiyah, 2024; Wess & Priemer, 2024). The 
research also showed that students often struggle to present claims supported by valid 
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evidence and scientific reasoning. This finding highlights the need for innovative 
learning approaches that actively engage students in inquiry, discussion, and problem-
solving. 

STEM-based learning has been widely researched as an effective approach to 
improving students' critical thinking, problem-solving, and argumentation skills. 
Through integrated activities involving science, technology, engineering, and 
mathematics, students are encouraged to investigate authentic problems and 
communicate evidence-based solutions. However, many STEM learning models are still 
dominated by Western-oriented educational approaches and rarely integrate local 
cultural contexts. As a result, learning activities may be less meaningful for students in 
culturally diverse regions. Therefore, researchers are increasingly emphasizing the 
importance of culturally responsive STEM education that connects scientific concepts 
with local wisdom and sociocultural practices.  

West Sumatra is a region rich in culture, containing values that have the potential to 
support learning and practicing scientific argumentation. One such performance is the 
Randai art performance. Randai is a traditional Minangkabau folk theater that combines 
storytelling, dialogue, movement, music, and collaborative discussion. Randai 
inherently involves communication, reasoning, negotiation of ideas, and advocacy of 
viewpoints among the actors, which aligns with the core components of argumentation 
skills. Integrating Randai into biology learning can provide contextual and culturally 
meaningful learning experiences for students in West Sumatra (Arsih et al., 2021; 
Zubaidah & Arsih, 2021). Integrating Randai into STEM-based biology learning can 
provide contextual and culturally meaningful learning experiences for students in West 
Sumatra. Through contextual narratives and collaborative interactions embedded in 
Randai activities, students can become more engaged in discussing biological 
phenomena, presenting evidence, and constructing scientific arguments. 

Based on this perspective, the STEM-RANDAI model was developed as a 
contextual problem-solving learning model that integrates STEM education with the 
cultural values of Randai Minangkabau  (Trimayora et al., 2022). This model is designed 
so that each stage is interrelated by providing an experience for students to practice 
communicating, critical thinking, and creative thinking in solving problems. The STEM-
RANDAI model consists of six phases that are integrated with the Engineering Design 
Process (EDP) on an ongoing basis: Reciting, Analyzing the problem, Narrating the 
solution, Doing the solution, Assessing the solution, and Implementing (Arsih et al., 
2023; Firdaus et al., 2023). Through collaborative and contextual activities, students are 
expected to actively construct knowledge, communicate ideas, evaluate evidence, and 
defend scientific arguments. 

The STEM-RANDAI model is effective in improving critical thinking, collaboration, 
and evidence-based decision-making skills. In this process, learning is not just 
absorbing information but involves students actively seeking answers and solutions 
(Hoerudin, 2023) Furthermore, critical thinking, problem-solving, and argumentation 
skills are essential for young people to actively participate in social and environmental 
decision-making (Smit et al., 2025). This means they will be directly involved with 
issues and tasks relevant to daily life or specific scenarios (Broman et al., 2018; Huang et 
al., 2023). Within the problem-solving learning framework, it allows students to achieve 
learning outcomes through direct experience and independent learning processes (Asad 
et al., 2021; Hoerudin, 2023; Yulianti & Multahadah, 2024). 
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 As a designed learning resource, teaching modules can be very important in 
developing argumentation skills, where the components of the module: initial 
information, core components, and appendices (student worksheets, assessments, and 
reading materials) become guides in the learning process. The learning activities created 
must challenge students in solving problems using evidence and related to problem 
solving in daily life. 

This study adopts the Toulmin Argumentation Patterns framework developed by 
Erduran et al., which categorizes argument quality into five levels based on the 
presence of claims, data, warrants, support, and rebuttals. This framework is widely 
used to evaluate the quality of scientific argumentation in science education research. 
(Yossyana et al., 2020) 

Students' ability to engage in scientific argumentation is closely related to their 
understanding of scientific concepts (Putri et al., 2024). Several studies highlight this 
relationship, emphasizing that a strong understanding of content knowledge is 
fundamental to constructing high-quality arguments (Syuzita, 2023). Although 
numerous studies have investigated STEM learning and scientific argumentation, 
research exploring culturally integrated STEM models that incorporate local wisdom 
traditions such as Randai in biology learning contexts remains limited. 

This study aims to investigate the effectiveness of the STEM-RANDAI model in 
improving high school students' argumentation skills in biology learning. Based on the 
background of the problem that has been explained, the research question is how 
effective is the STEM-RANDAI model in improving students' argumentation skills?. 

 
RESEARCH METHOD 
Research Design 
The research used was an experimental study using a quasi-experimental method. The 
design used was a Nonequivalent Control Group Design, as the classes were pre-
formed, making randomization of subjects impossible. In its implementation (Table 1), 
the experimental group was given a learning treatment using a STEM-RANDAI-based 
teaching module, the positive control group was given a learning treatment using the 
RANDAI model, while the negative control group received conventional learning 
commonly used by teachers. The research variable, argumentation skills, was measured 
using a written test designed based on argumentation skill indicators and validated. 
Therefore, the data obtained were quantitative. In this study, the researcher acted as 
both the implementer of the learning treatment and the data collector. To maintain 
objectivity, the test results were assessed using a standardized assessment rubric. 
Ethical aspects of the research were also considered by providing information to the 
school and teachers regarding the research objectives and procedures. All student data 
was kept confidential and used only for research purposes. 

Table 1. Design Effectiveness Test 
Classes Pretest Treatment Posttest 
Eksperimen 
Positive Control 
Negative Control 

Q1 
Q3 
Q5 

X1 
X2 
X3 

Q2 
Q4 
Q6 
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Description: 
X₁ = Treatment with the STEM-RANDAI learning model. 
X₂ = Treatment with the RANDAI learning model. 
X₃ = Treatment with a hands-on learning model. 
The determination of experimental and control classes was carried out by considering 
the similarity of the teaching teachers and the homogeneity of previous academic 
scores. The focus of the research is directed at students' ability to develop scientific 
argumentation skills through the implementation of STEM-RANDAI-based teaching 
modules. The ability of this argument is measured through the provision of an essay 
test. 

Research Subject 
The subjects in this experimental research were students of class X/Phase E at SMAN 10 
Padang in the 2025/2026 academic year consisting of 9 classes with a total of 360 
students. The research sample was determined using a purposive sampling technique 
by considering certain criteria relevant to the research objectives. The criteria for 
determining the sample include: (1) classes taught by the same teacher for biology 
subjects to control differences in learning treatments, (2) having a relatively 
homogeneous average academic grade based on the previous semester's report card 
data, and (3) having a relatively balanced number of students. Based on these criteria, 
identification was carried out on all population classes, then three classes were selected 
that best met the criteria, namely classes X-E2 (Eksperimen), X-E3 (Positive Control), 
and X-E4 (Negative Control) These three classes were then determined as research 
samples with a total of 120 students. 

Experimental Research Procedure 
The experimental research procedure is carried out through several stages. First, the 
preparation stage which includes the selection of sample classes through normality and 
homogeneity tests from nine population classes, as well as the determination of three 
classes as research groups, namely the experimental class, the positive control class, and 
the negative control class. At this stage, learning tools were also prepared in the form of 
STEM-RANDAI-based biology teaching modules, scientific argumentation skills test 
instruments based on the Toulmin rubric, and observation sheets for learning 
implementation.  

Second, the entire group was given a pretest to measure initial scientific 
argumentation skills before treatment. Third, at the treatment stage, the experimental 
class received learning using the STEM-RANDAI-based teaching module with six 
phases (Reciting, Analyzing, Narrating, Doing, Assessing, and Implementing), the positive 
control class received learning using the RANDAI model, while the negative control 
class received conventional learning in the form of lectures, questions and answers, and 
practice questions. The learning materials used in the three classes are the same, namely 
ecosystem topics, with uniform time allocation so that a fair comparison of 3 JP (3 × 45 
minutes) in one meeting.  

Fourth, after treatment, all groups were given a posttest with the same instrument 
as the pretest to find out scientific argumentation skills after treatment. Fifth, the data 
on the results of the pretest and posttest were analyzed to see the improvement of 
students' scientific argumentation skills in each group and compare the effectiveness of 
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the application of the STEM-RANDAI model with the RANDAI model and 
conventional learning. 

The test results showed that most of the questions were declared valid, although 
there were some questions that needed to be revised, with a reliability value of 0.83 
which was classified as very high. This is in accordance with the view of Arikunto 
(2019) that instruments with high reliability show consistency of measurement results 
under different conditions. All questions are in the category of medium difficulty, 
which is important to maintain balance so that the questions are not too easy or too 
difficult (Sudjana, 2017). Meanwhile, the differentiating power of the questions showed 
a variation in quality from adequate to very good, with only one item being classified as 
bad and needing to be improved, in line with the criteria of Nunnally & Bernstein 
(1994) which emphasized the importance of differentiating power in separating high-
ability and low-ability students. Thus, the essay test instrument developed can be 
declared valid, reliable, and feasible to be used in experimental research to measure 
students' scientific argumentation skills, as well as be able to provide valid data on the 
difference in learning outcomes between the experimental class and the STEM-
RANDAI model and the control class. The number of questions used in this study was 8 
questions. The number of questions used in this study was 8 questions., the reliability 
value of the question was 0.83 with a very high category. The reliability coefficient of 
the essay-based argumentation instrument was categorized as good because the 
Cronbach’s Alpha value exceeded 0.70, which is considered acceptable for educational 
research instruments (George & Mallery, 2003). 

The data in this study was carried out quantitatively through the calculation of the 
percentage of achievement of students' scientific argumentation skills. Before 
conducting the hypothesis test, an analysis prerequisite test was first carried out, which 
included a normality test using Shapiro-Wilk and a homogeneity test with the Levene Test 
at a significance level of α > 0.05 (Usmadi, 2020), to ensure that the data is normally 
distributed and has homogeneous variance. Once the prerequisites were met, the data 
were analyzed using one-way analysis of variance (ANOVA) to determine the 
differences in scientific argumentation skills between classes (experiments, positive 
controls, and negative controls). If the ANOVA results show a significant difference in 
the significance level of α < 0.05, then the analysis is continued with  the post hoc Least 
Significant Difference (LSD) test to find out more specifically the pairs of the real 
different groups. This data analysis was carried out with the help of SPSS software 
version 26.0. 
 
RESULTS AND DISCUSSION 

Results 
This research was conducted in three classes of X-E SMAN 10 Padang with 120 students 
each, with the aim of seeing the improvement of argumentation skills through the 
application of the STEM-RANDAI model. The description of the results of the study is 
presented based on pretest and posttest data from the experimental class, positive 
control class, and negative control class. Figure 1. shows a descriptive analysis of 
students' scientific argumentation skills. 
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Figure 1. Descriptive Analysis of Argumentation Skills 

The results of the descriptive analysis showed that after treatment, the average 
argumentation skill score of students in the experimental class (71.60; strong criteria) 
was higher than that of the positive control class (63.60; strong criteria) and the negative 
control class (54.20; strong criteria). The average increase in scores from pretest to 
posttest was seen across the class, but the most significant increase occurred in the 
experimental class. This is also shown in Figure 2 which illustrates the difference in the 
average between groups, where the experimental class showed the highest achievement 
of argumentation skills.  

 
Figure 2.  Average Difference in Argument Skills of Each Class 

As illustrated in Figure 2, the average score of students' argumentation skills in the 
experimental class was clearly higher than that of the positive control class and the 
negative control class. To determine the differences in argumentation skills between 
groups, a one-way ANOVA test was conducted as shown in Table 2 and Table 3. The 
results of the analysis showed significant differences between groups 
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Table 2. Descriptive Statistics of Argumentation Skills Test Results 
Classes Mean Std. Deviation Sig. 
Argumentation skills Eksperimen 23.90 16.934 0.001 

Positive Control  14.90 15.048 
Kontrol Negatives 9.70 16.773 

Based on the in Table 2, a significance value of p = 0.001 (p < 0.05) was obtained, 
indicating a significant difference in argumentation skills between the three treatment 
groups. Descriptively, the average argumentation skills in the experimental group (M = 
23.90; SD = 16.934) were higher than those in the positive control group (M = 14.90; SD 
= 15.048) and the negative control group (M = 9.70; SD = 16.773). 

Table 3. Results of the One-Way ANOVA Test 
 Sum of Squares df Mean Square F Sig. 
Between Groups 4129.067 2 2064.533 7.795 .001 
Within Groups 30987.600 117 264.851   
Total 35116.667 119    

Furthermore, the results of the one-way ANOVA test in Table 3 indicate a significant 
difference in argumentation skills between the three treatment groups, with an F(2, 117) 
value of 7.795 and a significance level of p = 0.001 (p < 0.05). This difference indicates 
that learning using the STEM-RANDAI-based learning module provided better results 
in improving argumentation skills compared to the RANDAI model and conventional 
learning. To find out which group had the most significant differences, LSD follow-up 
tests were carried out, the results of which are shown in Table 4. 

Table 4. LSD Test Results 
(I) Classes (J) Classes Mean Difference (I-J) Sig. 

Eksperimen Positive Control 9.000* 0.015 
 Kontrol Negatives 14.200* 0.000 

Positive Control Eksperimen -9.000* 0.015 
 Kontrol Negatives 5.200 0.156 

Kontrol Negative Eksperimen -14.200* 0.000 
 Positive Control -5.200 0.156 

The results of the LSD test in Table 4 indicate that the experimental group had 
significantly higher argumentation skills than the positive control group (MD = 9.000; p 
= 0.015) and the negative control group (MD = 14.200; p < 0.001). In contrast, no 
significant difference was found between the positive and negative control groups (MD 
= 5.200; p = 0.156). This finding indicates that the integration of the STEM approach into 
the RANDAI model significantly contributed to improving students' argumentation 
skills. 

Disscussion 
The research findings show that the implementation of the STEM-RANDAI model 
significantly improves students' scientific argumentation skills compared to the 
RANDAI model and conventional learning. The STEM-RANDAI model is an integrated 
learning model for Minangkabau culture (Randai art) developed from problem-based 
learning integrated with the STEM approach. This learning model facilitates students in 
thinking critically and creatively and combines knowledge, technology, engineering 
and mathematics. The STEM-RANDAI model also encourages students to solve real-life 
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problems, fostering critical thinking and solution-oriented learning. It is highly effective 
in STEM education, where students learn to apply interdisciplinary knowledge to 
practical challenges. In addition, the integration of local cultural elements into STEM 
education makes learning more meaningful and engaging. Problem-solving activities in 
the STEM-RANDAI model, especially when culturally contextualized, encourage active 
participation and intrinsic motivation by allowing students to explore problems that are 
relevant to their cultural identity and community, which is in line with research 
revealed by (Smith et al., 2022). This advantage is not found in other learning models. 

Problem solving through STEM combined with the cultural and performative 
elements of RANDAI can make learning more engaging and contextually relevant, 
thereby fostering deeper understanding and argumentation skills (Nhung & Hanh, 
2021). Both STEM and RANDAI emphasize collaboration, which is critical for 
developing argumentation skills through group discussions and evidence-based 
reasoning (Sapuadi et al., 2025).  

The STEM-RANDAI model is designed in several syntaxes. In the learning process 
at the reciting stage (problem orientation) in Kaba (story). Students present plays taken 
from each group and get roles, students who do not do drama observe problems by 
adhering to the principle  of kato nan ampek (language manners). For example, students 
were given a drama related to Sanjai chips, Bukit Tinggi, West Sumatra. In this stage, 
students process information and focus attention on events so that they can identify the 
problems presented. This strategy is a step in building students' attention and 
motivation in the learning process. The integration of STEM into real-world problem-
solving and RANDAI's creative storytelling can synergize to enhance critical thinking 
and the ability to construct logical arguments (Fatihatur Roisah et al., 2025). 

Reciting syntax contributes to training students' argumentation skills. In this syntax, 
the problem is presented in the form of a Kaba, also known as a story. Presenting 
problems in this story form makes it enjoyable for students to understand the problem. 
Storytelling is often used to clarify problems, provide examples of solutions, and build 
credibility in arguments. Similarly, in computational argumentation, stories that 
illustrate solutions to problems have been found to have a positive impact on argument 
effectiveness, suggesting that storytelling can make arguments more understandable 
and engaging (Poce et al., 2023; Zijlstra-Shaw & Jowett, 2020). In STEM education, 
digital storytelling helps students articulate problem statements, understand cost-
benefit considerations, and justify solutions, demonstrating its usefulness in developing 
reasoning skills essential for argumentation. Storytelling is often integrated with 
rational argumentation to create a morally and logically complex understanding of a 
problem. This combination allows individuals to use stories to justify their preferences 
while also engaging in abstract reasoning. Storytelling has been shown to stimulate 
critical thinking and problem-solving skills. For example, collaborative storytelling 
activities in educational contexts improve students' ability to analyze, evaluate, and 
construct arguments. 

The aspect of argumentation skills that has the highest classification is the claim 
that is effectively developed in the learning process at the stage of analyzing the problem. 
This stage involves students formulating questions based on the results of students' 
identification of the drama (kaba) presented. For example, students formulate questions 
that are relevant to the drama, such as, "What steps can we take as students in 
overcoming environmental pollution in the form of oil waste from processing Sanjai 
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chips, typical of West Sumatra?" The questions generated by these students show that 
the claim indicator has been optimally achieved. This activity stimulates and trains 
students' curiosity and skills in studying problem formulations. Students will read the 
concepts of Science (knowledge, facts, procedures) learned using technology by ensuring 
that the information read is correct and trustworthy. Then the claim level  consists of 
presenting an argument based on the identification of a problem without supporting 
facts. These findings are in line with (Hardini & Alberida, 2022)  which concludes that 
students can claim an answer from problem solving. 

The second syntax, Analyzing the Problem, is also an important step in developing 
students' argumentation skills. In this step, students critically analyze the problem 
presented in the form of a story, which in terms of content represents a phenomenon or 
issue that is contextual and close to life. Contextual and controversial issues, such as 
socio-scientific issues, provide a rich environment for argumentation. These problems 
require students to analyze multiple perspectives, justify their reasoning, and engage in 
evidence-based discussions, which directly enhance their argumentation skills. 
Analyzing problems in problem-solving activities, especially when combined with a 
structured framework such as problem-based learning, significantly improves students' 
argumentation skills (Özcan & Gültekin, 2024). This activity encourages critical 
thinking, evidence-based reasoning, and collaborative discussion, which are crucial for 
effective argumentation. This is also the basis for why the second syntax in the STEM-
RANDAI model facilitates students' argumentation skills . 

In addition to the indicator claiming the highest scientific communication skills, the 
data indicator also achieved a high score. The basis for effective decision-making is 
developed during the Narrating the solution stage. Students sit together (sit basamo 
balapang-lapang) and discuss (barundiang) in formulating innovative ideas for problem 
solving (investigation). Problem-solving plans are carried out through experiments 
(project activities). For example, students from group 1 in the experimental class 
formulated a solution idea by turning used cooking oil (oil that has been used 
repeatedly) in making Sanjai chips into bar soap by utilizing natural ingredients. This 
stage involves students gathering information to verify the hypotheses they have 
created from various learning sources to get explanations. This makes students think 
critically, think creatively, communicate and argue in constructing problem-solving 
solutions by paying attention to the use of Technology, Engineering, and Mathematics in 
solving problems effectively. According to Masek and Yamin (2021), the basis of 
decision-making is the ability to evaluate the credibility of sources and the ability to 
interpret and assess the information obtained. 

Students who argue using claim indicators, data, and warrants. This means that 
students can express an opinion accompanied by data and the link between claims and 
data. Warrant is the third indicator that often appears at the Doing the solution stage. At 
this stage, students prove claims and data, each group carries out activities in 
accordance with the solution design during the investigation/observation phase in the 
learning process. The essence of this activity involves students in conducting 
investigations in solving problems by paying attention to the use of Technology, 
Engineering, and Mathematics. Problem solving is carried out through project activities. 
For example, group 1 in the experimental class processed used cooking oil using natural 
ingredients such as lemongrass, pandan leaves and charcoal to make it into bar soap. 
Research (Dedet Agus Setiawan & Muhyiatul Fadilah, 2023) shows that students in the 
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experimental class have reached the level of claims, data and warrants so that there is 
sufficient proof in scientific arguments. 

In the stage of assessing the solution, the backing and  rebuttal levels are the submission of 
arguments consisting of a further explanation of the claim level, data, warrants, backing that 
supports the warrant and rebuttal  in the form of conclusions or rebuttals from all levels. 
Each group tests the product created in accordance with the design for a solution 
related to problem solving. Then each group discusses (barundiang) through the 
principle  of bulek kato dek consensus to make a conclusion on the achievement of problem 
solving results. Students write in the form of reports and present and communicate the 
results of the investigation by boldly expressing their opinions (barani bapandapek). 
Students carry out reflection activities, assess, and evaluate the strengths and 
weaknesses of all processes that have been developed. The last stage of Implementing 
where students apply solutions to similar problems. 

Specifically, the STEM-RANDAI module has been proven to be able to facilitate 
students to reach an advanced level in the argumentation structure of Toulmin (2003), 
namely backing and rebuttal. This is in line with the research  of Rawe et al. (2025) and 
Purwati et al. (2019), which reported that students in general still have difficulty 
composing rebuttals and strengthening arguments (backing) due to limited data and 
scientific knowledge. In this study, activities in the doing the solution and assessing the 
solution phases were proven to encourage students to re-examine the data, strengthen 
the evidence, and present clearer rebuttals. Thus, STEM-RANDAI not only supports the 
achievement of basic aspects of argumentation (claims, data, reasons), but also directs 
students to more complex levels of argumentation. 

In addition, these results are consistent with the findings of Riwayani et al. (2019), 
who stated that the quality of students' arguments is often still weak despite being able 
to formulate a rebuttal, due to the lack of support for scientific concepts. The STEM-
RANDAI model is able to overcome these weaknesses by providing a space for 
collaborative discussion and repetitive investigative practices. This is also in line with 
the report of Gao et al. (2024) that argumentation skills can be improved through 
learning that emphasizes investigation and scientific communication based on real 
problems. 

Another advantage of this research is the integration of Randai culture in STEM 
learning. Randai's typical activities, such as kaba narration, sit-down basamo discussions, 
and visual representations, have been proven to contribute to strengthening students' 
argumentation skills. These results support the research of Wahyu et al. (2025), Dini & 
Rini (2024), and Nurhairani et al. (2024)  who affirm that the integration of local culture 
in science learning is able to increase students' motivation, engagement, and conceptual 
understanding. Thus, the novelty of this research lies in the integration of STEM with 
the local culture of Randai which is not only contextual, but also able to enrich the 
quality of students' scientific arguments. 

Overall, the results of this study confirm that the STEM-RANDAI model is an 
effective and innovative approach to improve students' scientific argumentation skills 
in biology learning. The integration of STEM with local culture not only encourages the 
achievement of basic aspects of argumentation, but also strengthens advanced levels of 
argumentation that are often failed to be achieved in conventional learning (Nisak & 
Antika, 2024), (Lutfiani et al., 2024) This research makes an important contribution to 
the development of learning strategies that are in line with the demands of the 
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Independent Curriculum, which emphasizes critical thinking, scientific communication, 
and evidence-based decision-making (Nabella et al., 2024) 

However, this research has limitations in the scope of the material, namely it is only 
focused on ecosystem topics, and its implementation is limited to one school. Therefore, 
these findings need to be further tested in other biology materials as well as in different 
schools to obtain a more comprehensive picture of the effectiveness of the STEM-
RANDAI model in improving argumentation skills. 

 
CONCLUSION 
Fundamental Finding: This study confirms the novelty of integrating the STEM 
approach with Randai local wisdom in biology learning through the STEM-RANDAI 
model. Key findings indicate that this model is significantly more effective in improving 
students' scientific argumentation skills compared to conventional learning or culture-
based models alone. This improvement is particularly evident in students' ability to 
construct advanced arguments, such as constructing evidence-based support and 
rebuttal, which are important indicators in scientific argumentation. The integration of 
collaborative and contextual elements of Randai with the STEM approach enables 
students to understand concepts more meaningfully and develop evidence-based 
reasoning more optimally. This study establishes the novelty of integrating STEM with 
local cultural practices through the STEM-RANDAI model in biology learning. Findings 
indicate that this model significantly improves students' scientific argumentation skills 
beyond conventional and culture-based approaches. This suggests that integrating 
STEM in a culturally contextual and collaborative learning environment effectively 
promotes deeper scientific reasoning and argumentation skills. Implications: These 
findings provide theoretical and practical contributions to science education, 
demonstrating that combining the STEM framework and local wisdom can be an 
innovative pedagogical strategy that supports the demands of the Independent 
Curriculum and 21st-century skills. The implementation of STEM-RANDAI provides a 
contextual, collaborative, and meaningful learning experience, while strengthening 
argumentation skills as an aspect of scientific communication. The results of this study 
indicate that the implementation of the STEM-RANDAI model can be an innovative 
alternative in biology learning to improve students' argumentation skills. The 
integration of the STEM approach with local wisdom through the RANDAI model 
provides a contextual and meaningful learning experience, thus encouraging students 
to develop critical thinking and argumentative skills. Therefore, this model has the 
potential to be implemented more widely in science learning in secondary schools.. 
Limitation: This study has limitations in terms of the instruments used. Measurement 
of argumentation ability is still limited to using written test instruments, so it does not 
fully reflect students' argumentation abilities in oral or discussion contexts. Future 
Research: Based on these limitations, further research is recommended to involve a 
broader sample from various schools with different characteristics to increase the 
generalizability of the findings. Furthermore, further research can combine data 
collection techniques, such as observation and interviews, to obtain a more 
comprehensive picture of argumentation skills. This research also opens up 
opportunities to develop and implement the STEM-RANDAI model in other biology 
materials or different science fields, thereby enriching learning innovations based on 
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local wisdom. This research also provides a new variation in implementing biology or 
science learning without abandoning the context of cultural values in science learning.. 
 
ACKNOWLEDGEMENTS  
The author expresses his gratitude to the Ministry of Education, Culture, Research, and 
Technology (Directorate General of Higher Education, Research, and Culture) for 
funding the Master's Thesis Research program. 

                        
REFERENCES 
Arsih, F., Zubaidah, S., Albenda, H., & Jamaluddin, A. Bin. (2023). Relationship of 

Critical Thinking Skills and Creative Thinking Skills through the RANDAI 
Learning Model. AIP Conference Proceedings, 2569(January). 
https://doi.org/10.1063/5.0112399 

Arsih, F., Zubaidah, S., Suwono, H., & Gofur, A. (2021). Randai learning model to 
enhance pre-service biology teachers’ critical thinking skills. International Journal of 
Instruction, 14(2), 845–860. https://doi.org/10.29333/iji.2021.14247a 

Asad, M. M., Naz, A., Churi, P., & Tahanzadeh, M. M. (2021). Virtual Reality as 
Pedagogical Tool to Enhance Experiential Learning : A Systematic Literature 
Review. Hindawi Education Research Internasional, 2021, 17. 

Broman, K., Bernholt, S., & Parchmann, I. (2018). Using model-based scaffolds to 
support students solving context-based chemistry problems. International Journal of 
Science Education, 40(10), 1176–1197. 
https://doi.org/10.1080/09500693.2018.1470350 

Dawson, V. (2024). Teachers’ support in developing year 7 students’ argumentation 
skills about water-based socioscientific issues. International Journal of Science 
Education, 46(3), 222–239. https://doi.org/10.1080/09500693.2023.2226334 

Dedet Agus setiawan, & Muhyiatul Fadilah. (2023). Pengaruh Model Pembelajaran 
Problem Based Learning Terhadap Kemampuan Argumentasi Ilmiah Peserta Didik 
Pada Materi Perubahan Lingkungan Di Sma Negeri 1 Tanjung Mutiara. Jurnal 
Bionatural, 10(2), 31–36. https://doi.org/10.61290/bio.v10i2.622 

Dini, N. A. I., & Rini, E. F. S. (2024). Integration of Local Potential in Science Learning to 
Improve 21st-Century Skills. IJCER (International Journal of Chemistry Education 
Research), 8, 156–165. https://doi.org/10.20885/ijcer.vol8.iss2.art9 

Fatihatur Roisah, L., Hamimi, E., Yulianti, E., Fardhani, I., & Mulyati, Y. (2025). The 
Influence of Design Thinking Learning with STEM Approach on Problem Solving 
Skills in Motion and Force Topics The Influence of Design Thinking Learning with 
STEM Approach on Problem Solving Skills in Motion and Force Topics. Journal of 
Physics: Conference Series, 3148(1), 012018. https://doi.org/10.1088/1742-
6596/3148/1/012018 

Firdaus, A., Arsih, F., Alberida, H., & Fajrina, S. (2023). Pengaruh Model Pembelajaran 
RANDAI terhadap Keterampilan Pemecahan Masalah Siswa pada Materi Fungi. 
Best Journal, 6(2), 240–246. 

Garrecht, C., Reiss, M. J., & Harms, U. (2021). ‘I wouldn’t want to be the animal in use 
nor the patient in need’–the role of issue familiarity in students’ socioscientific 
argumentation. International Journal of Science Education, 43(12), 2065–2086. 
https://doi.org/10.1080/09500693.2021.1950944 

Hardini, S. D., & Alberida, H. (2022). Analisis Kemampuan Argumentasi Peserta Didik. 



 
IJORER: International Journal of Recent Educational Research 
Homepage: https://journal.ia-education.com/index.php/ijorer 
Emal: ijorer@ia-education.com 

p-ISSN : 2721-852X ; e-ISSN : 2721-7965 
IJORER, Vol. 7, No. 5, September 2026 

Page 853-867 
© 2026 IJORER:  

International Journal of Recent Educational Research 
 

 
865 

Biodidaktika: Jurnal Biologi Dan Pembelajarannya, 17(1), 93–99. 
Hoerudin, C. W. (2023). Indonesian Language Learning Using the Discovery Learning 

Model Based on High Order Thinking Skills ( HOTS ) on Students ’ Analytical 
Thinking Ability. Munaddhomah: Jurnal Manajemen Pendidikan Islam, 4(1), 122–131. 

Huang, W., London, J. S., & Perry, L. A. (2023). Project-Based Learning Promotes 
Students’ Perceived Relevance in an Engineering Statistics Course: A Comparison 
of Learning in Synchronous and Online Learning Environments. Journal of Statistics 
and Data Science Education, 31(2), 179–187. 
https://doi.org/10.1080/26939169.2022.2128119 

Lutfiani, R., Hamdiyati, Y., & Suhaeni, L. (2024). Improvement of student’s 
argumentation skill through problem-based learning in the concept of nerveous 
and endocrine system disorders. Assimilation: Indonesian Journal of Biology Education, 
7(1), 47–56. https://doi.org/10.17509/aijbe.v7i1.58589 

Nabella, D. G. K., Sanjaya, I. G. M., & Suyatno, S. (2024). Learning Module on Buffer 
Material with a CRT Approach to Solve Problem Topics in Jombang Typical Coffee 
Beer-Drink. IJORER : International Journal of Recent Educational Research, 5(1), 106–
116. https://doi.org/10.46245/ijorer.v5i1.480 

Nanda A, Sukamto, S. (2024). Pengembangan modul ajar ipas berbasis STEM untuk 
meningkatkan kemampuan berargumen pada siswa fase c. Jurnal Ilmiah Pendidikan 
Dasar, 09, 4897–4915. 

Nhung, V. T. T., & Hanh, P. T. H. (2021). Develop cooperative capacity for students in STEM 
modelation model Develop cooperative capacity for students in STEM modelation model. 
https://doi.org/10.1088/1742-6596/1835/1/012054 

Nisak, H., & Antika, L. T. (2024). Student’s scientific argumentation skills in biology: A 
gender-based analysis. JPBIO (Jurnal Pendidikan Biologi), 9(2), 171–178. 
https://doi.org/10.31932/jpbio.v9i2.3684 

Nurhairani, N., Sugito, S., Suyanta, S., & ... (2024). Integrating local culture into STEM-
based learning in ASEAN elementary schools: A literature review. … Innovation and 
Social …, August, 82–93. 

Özcan, E., & Gültekin, M. (2024). Small group, problem-based learning in primary 
school social studies: A mixed methods study in Turkey. Issues in Educational 
Research, 34(4), 1506–1525. 

Poce, A., Re, M. R., Valente, M., De Medio, C., & Norgini, A. (2023). Narrating the 
Museum: Developing Critical Thinking Skills Through a Collaborative Storytelling 
Experience. Lecture Notes in Networks and Systems. https://doi.org/10.1007/978-3-
031-25906-7_19 

Purwati, R., Suranto, S., Sajidan, S., & Prasetyanti, N. (2019). Analysis of Argumentation 
Skills in Biology Learning at Surakarta Senior High School. 
https://doi.org/10.4108/eai.23-3-2019.2284903 

Putri, P. A. W., Rahayu, S., Widarti, H. R., & Yahmin, Y. (2024). Analysis of 
undergraduate chemistry students’ argumentation skills on reaction rate concept. 
6th International Conference on Mathematics and Science Education, ICoMSE 2022. 

Rakhmawan, A., Ahied, M., & Hadi, W. P. (2024). Efektivitas Perangkat Pembelajaran 
Toulmin Argumentation Pattern ( Tap ) Berbasis Model Adi Dan Eksperimen Untuk 
Melatih Keterampilan Argumentasi Ilmiah. 7(2), 1–7. 

Rawe, N. S. H. A., Zubaidah, S., & Susanto, H. (2025). Revealing Argumentation Skills 
of High School Students in Biology Learning through Toulmin Argumentation 



 
IJORER: International Journal of Recent Educational Research 
Homepage: https://journal.ia-education.com/index.php/ijorer 
Emal: ijorer@ia-education.com 

p-ISSN : 2721-852X ; e-ISSN : 2721-7965 
IJORER, Vol. 7, No. 5, September 2026 

Page 853-867 
© 2026 IJORER:  

International Journal of Recent Educational Research 
 

 
866 

Pattern. Prisma Sains : Jurnal Pengkajian Ilmu Dan Pembelajaran Matematika Dan IPA 
IKIP Mataram, 13(2), 294. https://doi.org/10.33394/j-ps.v13i2.14837 

Riwayani, R., Perdana, R., Sari, R., Jumadi, J., & Kuswanto, H. (2019). Analisis 
Kemampuan Argumentasi Ilmiah Siswa Pada Materi Optik : Problem- Based 
Learning Berbantuan Edu-Media Simulation Analyzing Students ’ Scientific 
Argumentation Skill in Optic : P roblem-Based Learning Assisted Edu-Media 
Simulation. Jurnal Inovasi Pendidikan IPA, 5(1), 45–53. 

Sapuadi, S., Jamalie, Z., Hamdi, F., & Nasir, M. (2025). Development of a STEM-based 
argumentation ability assessment instrument for university students within the 
independent curriculum. International Journal of Advanced and Applied Sciences, 12(8), 
166–174. https://doi.org/10.21833/ijaas.2025.08.016 

Sinambela, C., Rumondor, S. B., Sura, Y., & Bahri, A. (2023). Melatih Keterampilan 
Argumentasi Menggunakan Model Pembelajaran RTPS Pelajaran Biologi SMA Advent 
Supiori Training Argumentation Skills Using RTPS Learning Model in Biology Lesson of 
Supiori Adventist High School. 420–426. 

Smit, R., Rietz, F., & Büchel, D. (2025). Using the socioscientific issue approach to foster 
secondary students’ argumentation skills, science self-efficacy beliefs and science 
interest. International Journal of Science Education, 0693, 1–17. 
https://doi.org/10.1080/09500693.2025.2460050 

Smith, K., Maynard, N., Berry, A., Stephenson, T., Spiteri, T., Corrigan, D., Mansfield, J., 
Ellerton, P., & Smith, T. (2022). Principles of Problem-Based Learning (PBL) in 
STEM Education: Using Expert Wisdom and Research to Frame Educational 
Practice. Education Sciences, 12(10). https://doi.org/10.3390/educsci12100728 

Syuzita, A. (2023). Implementation of the Science Learning Model to Improving 
Students’ Scientific Argumentation Skills: A Review. AMPLITUDO: Journal of 
Science and Technology Innovation, 2(2), 114–118. 
https://doi.org/10.56566/amplitudo.v2i2.118 

Trimayora, L., Arsih, F., Alberida, H., & Rahmi, Y. L. (2022). Pengaruh Model 
Pembelajaran RANDAI terhadap Keterampilan Pemecahan Masalah Peserta Didik 
Kelas X IPA SMAN 1 Matur. Jurnal Pendidikan Rokania, 7(3), 355–360. 
https://doi.org/10.37728/jpr.v7i3.597 

Ummiah, S., & Fuadiyah, S. (2024). Pengaruh Model Pembelajaran Discovery Learning 
Terhadap Kemampuan Komunikasi Ilmiah Peserta Didik Pada Materi Jaringan 
Tumbuhan Di Kelas XI SMA Negeri 2 Bungo. Pendidikan Tambusai, 8(1), 7527–7542. 

Wahyu, Y., Leonangung, A., Stefen, R., & Taklal, M. (2025). Integrating Local Culture 
and Ethnoscience in Manggarai-Based STEM Education to Enhance Science 
Literacy and Scientific Attitudes in the 21st Century. Jurnal Ilmu Pendidikan (JIP), 
31(1), 87–94. 

Wess, R., & Priemer, B. (2024). Pre-Service Teachers’ Professional Vision of 
Argumentation Opportunities in Their Analysis of Videotaped Science Classroom 
Episodes. Journal of Science Teacher Education, 36(3), 397–423. 
https://doi.org/10.1080/1046560X.2024.2410062 

Yossyana, V., Suprapto, N., & Prastowo, T. (2020). 5E Learning Cycle in Practicing 
Written and Oral Argumentation Skills. IJORER : International Journal of Recent 
Educational Research, 1(3), 218–232. 

Yulianti, R., & Multahadah, C. (2024). Discovery Learning dalam Kurikulum Merdeka. 



 
IJORER: International Journal of Recent Educational Research 
Homepage: https://journal.ia-education.com/index.php/ijorer 
Emal: ijorer@ia-education.com 

p-ISSN : 2721-852X ; e-ISSN : 2721-7965 
IJORER, Vol. 7, No. 5, September 2026 

Page 853-867 
© 2026 IJORER:  

International Journal of Recent Educational Research 
 

 
867 

Zijlstra-Shaw, S., & Jowett, A. K. (2020). Using storytelling to improve student 
experience of outreach placements. British Dental Journal, 228(2), 123–127. 
https://doi.org/10.1038/s41415-019-1159-9 

Zubaidah, S., & Arsih, F. (2021). Indonesian culture as a means to study science. AIP 
Conference Proceedings, 2330(March). https://doi.org/10.1063/5.0043173 

 
Elisa Ayu Lestari  
Departemen Pendidikan Biologi Fakultas Matematika dan Ilmu Pengetahuan Alam, 
Universitas Negeri Padang 
Jalan Prof. Dr. Hamka, No.1 Air Tawar, Kota Padang, Sumatera Barat, 25173, Indonesia 
Email: elisaayulstr@gmail.com  
 
*Fitri Arsih (Corresponding Author) 
Departemen Pendidikan Biologi Fakultas Matematika dan Ilmu Pengetahuan Alam, 
Universitas Negeri Padang 
Jalan Prof. Dr. Hamka, No.1 Air Tawar, Kota Padang, Sumatera Barat, 25173, Indonesia 
Email: fitribio@fmipa.unp.ac.id 
 
Muhyiatul Fadilah 
Departemen Pendidikan Biologi Fakultas Matematika dan Ilmu Pengetahuan Alam, 
Universitas Negeri Padang 
Jalan Prof. Dr. Hamka, No.1 Air Tawar, Kota Padang, Sumatera Barat, 25173, Indonesia 
Email: Muhyifadilah@fmipa.unp.ac.id  
 
Heffi Alberida 
Departemen Pendidikan Biologi Fakultas Matematika dan Ilmu Pengetahuan Alam, 
Universitas Negeri Padang 
Jalan Prof. Dr. Hamka, No.1 Air Tawar, Kota Padang, Sumatera Barat, 25173, Indonesia 
Email: heffialberida@fmipa.unp.ac.id  
 
Moralita Chatri 
Departemen Pendidikan Biologi Fakultas Matematika dan Ilmu Pengetahuan Alam, 
Universitas Negeri Padang 
Jalan Prof. Dr. Hamka, No.1 Air Tawar, Kota Padang, Sumatera Barat, 25173, Indonesia 
Email: moralitachatri@gmail.com  
 
Rani Asmara  
Pendidikan Biologi, SMA Negeri 1 Mojokerta 
Jalan Irian Jaya No.1, Mojokerto, Jawa Timur, Indonesia 
Email: raniasmara.bio@gmail.com  
 
Widya Aziz 
Pendidikan Biologi, SMA Negeri 10 Padang 
Jalan Situjuh, Jati, Padang Timur, Kota Padang, Sumatera Barat, Indonesia 
Email: widya9772@gmail.com  
 
Helsa Rahmatika 
Faculty of Science and Mathematics (FSM) at Universiti Pendidikan Sultan Idris (UPSI) 
Tanjong Malim, Perak, Malaysia 
Email: p20251003475@siswa.upsi.edu.my  

 
 
 
 


