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 Purpose of the study: This research aims to develop electronic student 

worksheets (E-LKPD) based on the Argument Driven Inquiry (ADI) Model to 

enhance the scientific argumentation skills of high school students. The impetus 

for innovative educational tools is intensified by ongoing industrial and social 

revolutions, necessitating advanced human resource capabilities. 

Methodology: Research and development, the study encompasses the stages of 

analysis, design, development, implementation, and evaluation. The subjects 

were 29 Class XI IPA students. Data analysis utilized descriptive statistics and 

paired sample t-tests to assess the effectiveness of the E-LKPD in improving 

students' argumentation skills. 

Main findings: Validation results from material and media experts indicated that 

the E-LKPD is highly feasible. Furthermore, responses from science teachers 

and student trials in one-on-one, small, and large group settings rated the E-

LKPD in the "very good" category. A notable finding was the significant 

improvement in students' argumentation skills when using the E-LKPD, as 

evidenced by the paired sample t-tests. 

Novelty/Originality of this study: The originality of this study lies in its 

application of the ADI model to E-LKPD, tailored to meet the demands of the 

industrial and social revolutions by fostering an entrepreneurial mindset in 

students. This research underscores the critical need for educational innovation, 

particularly in integrating entrepreneurship-based learning videos in junior high 

schools. By instilling an entrepreneurial spirit, students are better equipped to 

navigate and compete in the contemporary landscape, making this study a pivotal 

contribution to educational practices and resource development. 
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1. INTRODUCTION 

The world is experiencing rapid changes due to developments in various aspects of life. This has an 

impact on increasing the need for quality human resources that can meet the demands of current developments. 

Education is one aspect that has an important role in preparing the nation's generation. The 21st century 

education era trains students to have 4C skills, namely critical thinking and problem solving, collaboration skills, 

creativity and innovation skills and communication skills. This is contained in Minister of Education and Culture 

Regulation No. 34 of 2018 concerning content standards as an effort to improve the quality of education while 

responding to the needs and challenges of current developments. 
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Scientific knowledge which is always developing also requires students to actively participate in 

scientific activities such as observation and argumentation. Scientific arguments are the basis for students to 

think, act and communicate[1],[2]. Scientific argumentation skills have a positive influence on students' self-

confidence in conveying ideas or ideas based on supporting evidence and explanations[3]. Scientific 

argumentation skills are an interesting discussion to study and are important for students to master because they 

include two 21st century skills, including critical thinking skills and communication skills [4]. 

Arguments in the context of science education are different from those often used in everyday life. 

Scientific argumentation is an activity in the form of logical and rational conversation to find the relationship 

between an idea or statement and evidence and data that can support that idea [5],[6]. So the argument is correct 

and of good quality if the data and conclusions support each other. Often arguments are presented without being 

based on correct theories and opinions. 

Basically, scientific argumentation-based learning does not happen naturally, but needs to be planned 

appropriately. Learning should provide opportunities for students to practice argumentation skills such as 

proving or refuting statements scientifically. One alternative that can be used to train students' scientific 

argumentation skills is the application of the Argument-Driven Inquiry (ADI) learning model. The ADI model is 

an inquiry-oriented learning model that emphasizes argumentation activities. This model can make students 

more active through practical activities as well as connecting the ideas and evidence obtained and 

communicating them. So ADI learning is seen as being able to facilitate and teach argumentation skills [7]. 

Irvan and Admoko [8] conducted research with results showing that the application of the Argument-

Driven Inquiry (ADI) learning model had an influence on improving students' scientific argumentation skills. In 

addition, the Argument-Driven Inquiry (ADI) learning model is more effectively used to improve students' 

scientific argumentation skills[9]. In an effort to improve scientific argumentation skills, appropriate learning 

media are also needed that can support the learning process, including student worksheets (LKPD). Basically, 

LKPD is a sheet containing tasks or steps that students must complete to complete a task[10]. Learning media in 

the form of LKPD is flexible and can be developed to suit student needs or approaches that result in increased 

student skills. Student Worksheets based on Argument-Driven Inquiry (ADI) are one of the teaching materials 

that can make it easier for teachers to train students' scientific argumentation skills[11]-[13]. Especially in 

experimental activities, the use of LKPD will make it easier for students to understand the material and the 

course of the practicum [14]. 

Technology allows teachers and education providers to always innovate teaching materials so that 

learning takes place more effectively [15].Teaching materials that were originally printed can be designed using 

digital media to become electronic teaching materials. Electronic student worksheets can contain more effective 

pictures, animations and videos, so that students do not feel bored [16].This research utilizes the Canva 

application in the media development process. Canva is an online design program that has various tools or 

editing tools for creating various graphic designs [17]. 

Therefore, this study aims to develop electronic students’ worksheets (E-LKPD) based on Argument. 

Driven Inquiry Model to improve scientific argumentation skills of high school students. The problem statements 

in this research include the development process of interactive E-LKPD based on the argument-driven inquiry 

model in the excretion system material to improve high school students' scientific argumentation skills, the 

conceptual feasibility of interactive E-LKPD based on the argument-driven inquiry model in the excretion 

system material to enhance high school students' scientific argumentation skills, and the procedural feasibility of 

interactive E-LKPD based on the argument-driven inquiry model in the excretion system material to boost high 

school students' scientific argumentation skills. 

 

 

2. RESEARCH METHOD 

The research carried out is development research (Research and Development). Development research 

is a research method used to produce certain products and test the effectiveness of these products [18]. The 

development design in this research uses the Lee and Owens development model. The reason for choosing this 

model is because this model is a model specifically for developing multimedia. The Lee & Owens model 

development procedure [19] consists of five stages, namely analysis, design, development, implementation and 

evaluation. Evaluation is carried out at each stage, so that an appropriate product will be produced. 
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Figure 1. The steps of the Lee & Owens development model 

 

The analysis stage aims to find out and determine what is needed in learning and collect various 

information related to the product that will be produced. Needs analysis was carried out using the interview 

method with biology subject teachers and distributing questionnaires to students. Interviews were conducted to 

find out what actually happened and what should have happened in order to be able to identify the right product 

to be developed according to students' needs and learning activities [20]. 

Design Stage, At this stage, research planning is carried out, namely determining the development team, 

research schedule, media specifications, material structure, making flow charts, story boards and evaluation. 

Development is the activity of realizing a storyboard. During this stage the researcher developed an interactive 

E-LKPD which included the application of Argument Driven Inquiry-based learning stages with the help of the 

Canva application. So as to produce a development product in the form of teaching materials in the form of an 

interactive E-LKPD based on Argument Driven Inquiry to improve students' scientific argumentation skills. At 

this stage, validation is also carried out by experts, namely media experts and material experts, the aim is to 

assess the product from the media aspect and material aspect.  

Implementation Stage, after the interactive E-LKPD based on Argument Driven Inquiry is validated by 

experts and declared good and feasible, the interactive E-LKPD based on Argument Driven Inquiry can be 

tested, this stage is called the implementation stage. Trials are carried out to get feedback about the product 

through a questionnaire. Evaluation Stage, Evaluation is a process to see and measure the achievements of 

product development in the form of an interactive E-LKPD based on Argument Driven Inquiry. Evaluation 

carried out at the development stage is called formative evaluation, because its aim is for the need for media 

improvement or revision. Formative evaluation is carried out by material experts and media experts using 

material validation questionnaires and media validation questionnaires. Apart from that, there is a summative 

evaluation carried out after the final product is implemented, with the aim of assessing the feasibility of the 

Argument Driven Inquiry-based interactive E-LKPD that has been developed. 

The instruments used in this study consisted of questionnaires and questions. The questionnaire in this 

study consisted of expert validation questionnaires, student response questionnaires, and teacher response 

questionnaires. To analyze questionnaire responses from teachers and students to the media using a Likert scale. 

Respondents asked to use the media as a whole were asked to provide one of the answer choices provided in the 

categories. 

Table 1. Likert scale 

Value Scale Validation Scale 

5 Very Good 

4 Good 

3 Enough 

2 Not Good 

1 Very Not Good 

 

The effectiveness of interactive E-LKPD is measured based on increasing students' argumentation skills 

through pretest and posttest activities. The argumentation indicators used in this research are Claim, Data, 
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Warrant, and Backing, Qualifier and Reservation. Analysis Rubric for assessing students' TAP model scientific 

argumentation skills are presented in the following table [21]. 

 

Table 2. Analysis Rubric for assessing students' TAP model scientific argumentation skills 

Level Criteria Value 

5 Discourse contains claims, data, guarantors with supporters (Backing), qualifications and/or 

exceptions (Reservations) (DKWBQR) 

5 

4 Argumentation contains claims, data, guarantors with supporters (Backing), without 

qualifications and/or exceptions (Reservation) (DKWB) 

4 

3 Argumentation contains claims, data, guarantors without support (Backing)(DKW) 3 

2 Arguments consist of arguments in the form of claims with counter claims accompanied by 

data (information supporting the statement) (DK) 

2 

1 Argument in the form of a simple claim with an opposing claim (Counter claim) (K) 1 

 

The scores obtained are then analyzed using the following formula:  

 

Argumentation Test Score = 
∑𝑆𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

∑𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒
𝑥 100 

 

The score results obtained are interpreted based on the following assessment criteria : 

 

Table 3. Criteria for Scientific Argumentation Ability 

Criteria Test Scores 

> 81.25 – 100.0 Very Good 

< 62.50 – ≥ 81.25 Good 

> 43.75 – ≤ 62.50 Not Good 

> 25,00 –  ≤ 43.75 Very Not Good 

 

To determine the increase in students' argumentation skills, the pretest and posttest scores are calculated 

using the Hake formula:  

 

N-gain = 
 𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡−𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

100− 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 

 

The results of these calculations are interpreted based on the existing criteria adapted from Hake[22]. It 

is declared effective if it obtains an N-gain ≥ 0.3 in the medium category or a value > 0.70 in the high category, 

with the following criteria:  

 

Table 4. N-Gain Level Criteria 

Criteria Test 

Scores 

N-gain > 0.70 High 

0.30 ≤ N-gain ≤ 0.70 Medium 

N-gain < 0.30 Low 

 

 

3. RESULTS AND DISCUSSION 

The results of initial observation data analysis show that students' argumentation abilities are still low. 

This is caused by the lack of opportunities given to students to practice argumentation skills. The learning 

methods used previously did not involve students in building arguments or ideas in an effort to discover concepts 

in excretory system material. According to Piaget, children aged 11-18 years are at the formal operational stage, 

where at this stage children already have the ability to think abstractly, reason logically, and the ability to draw 

conclusions from some information. So learning for high school age students should be directed at training 

scientific argumentation skills. 

The results of product development are assessed by the material expert validator and media expert 

validator to assess their feasibility. The aspects assessed in the development of entrepreneurship-based learning 

videos consist of material and media aspects. The Material Validation process is carried out in two stages. The 

following is a graph of the material expert's assessment. The criteria used to state that the product being 

developed meets the appropriate criteria is if the average assessment of media experts and material experts is in 

the percentage range of 61%-80%, while for the very good category the percentage value is 81%-100%. The first 
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validation obtained a result of 63% with the note that improvements needed to be made according to suggestions. 

After the improvements were made, a second validation was carried out with the results of the feasibility 

percentage being 93% and categorized as “very feasible”. Validation by material experts was carried out twice 

until it was declared suitable for testing. Material expert validator results with a feasibility percentage of 51%. 

This figure is still included in the unfeasible category. So the developer makes improvements to the E-LKPD 

according to the validator's suggestions. Next, the second validation stage shows the feasibility percentage, 

namely 95%. Based on this score, the E-LKPD developed is categorized as “very feasible”. Conceptual 

feasibility based on the assessment of media experts and material experts shows that the E-LKPD based on the 

argument driven inquiry model developed is suitable for use as a learning media. Teacher Assessment Teacher 

assessment is carried out to determine the suitability of E-LKPD by users. Based on data analysis of the results 

of the biology teacher assessment questionnaire at SMA N 4 Tanjung Jabung Timur, it is known that the E-

LKPD that was developed obtained a feasibility percentage score of 98.57% and was categorized as very 

good/feasible. In the results of the questionnaire assessment, the teacher responded that the E-LKPD developed 

was very attractive to students so they were enthusiastic about participating in learning activities and was 

presented in language that was easy to understand. Apart from that, teachers gave positive appreciation for the 

use of technology in developing learning media. This is included in one of the digital transformation efforts in 

the education sector. 

The effectiveness of using E-LKPD in improving students' scientific argumentation skills is assessed 

based on the results of tests carried out before learning (pretest) and after learning using E-LKPD (posttest). The 

results of the pretest and posttest of students' scientific argumentation skills can be seen in Figure 2. 

 

 
Figure 2.  The pretest and posttest score of students' scientific argumentation skills 

 

Based on the pretest and posttest score data in Figure 2, the average percentage of pretest scores for 

students' scientific argumentation skills is 17%. Meanwhile, after carrying out learning using E-LKPD, the 

posttest score for scientific argumentation skills was 64%. It can be concluded that the average posttest score is 

higher than the average pretest score for students' scientific argumentation skills. Sumanti [23] also conducted 

research related to scientific argumentation skills through the Argument Driven Inquiry model and obtained 

research results in the form of an increase in students' scientific argumentation skills from a pretest score of 

25.33 to a posttest score of 76.06. 

Determine the significance of the average difference between the posttest and pretest scores of students' 

scientific argumentation skills, a significance test of the average difference in N-Gain was carried out. This is 

done by first carrying out normality and homogeneity tests using IBM SPSS Statistics 25. From the test results, 

normality test results were obtained with a sample size of 29 and a confidence level of 95%, the significance of 

the pretest value data was 0.1 and the pretest value data was 0.3 (sig.0.05). Based on these results, it is known 

that the significance value of the pretest and posttest data is both greater than 0.05. So it can be concluded that 

the data is normally distributed. If the population distribution is approximately normal, a sample size of 29 is 

usually sufficient for the Central Limit Theorem  to hold. 

Meanwhile, for the homogeneity test, a significance value of 0.69 (sig.0.05) was obtained. The 

significance value obtained is more than 0.05 so the data is homogeneous. Next, a hypothesis test was carried out 

with a t-test which showed a significance value of 0.000 (sig, 0.05). This shows that there is a significant 

difference between the pretest and posttest results of students' scientific argumentation skills. This is in line with 

the results of research conducted by Khusnayain [24] which shows that the learning media product in the form of 

worksheets developed is effective in improving students' scientific argumentation skills. The statistical test 

results show the Sig value. (2 tailed) in the Paired Sample T Test of 0.000. This means that there is an increase in 
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the scientific argumentation skills score for the experimental class. Imaniar [25] also conducted research on the 

influence of the argument driven inquiry learning model on students' argumentation abilities in high school 

physics learning with t-test results showing that students' argumentation abilities using the argument driven 

inquiry model were higher than those using the conventional model. 

The average N-gain value of the students' pretest and posttest scientific argumentation skills was 0.57. 

According to Hake, an N-gain value of 0.30-0.70 indicates an increase in students' scientific argumentation skills 

in the medium category. So it can be concluded that the use of E-LKPD based on argument driven inquiry is 

effective in improving students' scientific argumentation skills. As research conducted by Zhao [26] shows the 

results of a comparison test of the average N-gain value between before and after the argument driven inquiry 

learning model was implemented, there was an increase in students' scientific argumentation skills with a value 

of 0.47 in the medium category. 

At the tentative argument preparation stage, students create an argument that supports a statement 

accompanied by facts from the results of the experiments that have been carried out. Apart from that, in the 

argumentation session, students provide opinions, suggestions, criticism and rebuttal. Through these activities 

students can make improvements to the conclusions obtained [27]. In line with the opinion expressed by 

Demircioglu [28] ADI learning model provides opportunities for students to build an understanding and 

explanation of a phenomenon through laboratory activities. This activity is an inquiry so that students investigate 

and obtain data independently. ADI also provides space for students to discuss and produce accurate final claims 

[29]. 

Scientific arguments are very important to be integrated into the science learning process. Apart from 

achieving learning objectives, students also carry out the process of elaboration, reasoning and reflection. 

Argumentation formed from collaborative activities will also develop social awareness in students. Getting used 

to argumentation skills in learning makes students more skilled at expressing opinions based on their knowledge. 

This is very helpful for participants when involved in arguments in environments outside of school such as at 

work and in the surrounding community [30].  

Students' argumentation abilities are influenced by several factors, including the opportunity to argue 

and students' prior knowledge. Students are able to argue according to the knowledge they have and learning 

experience, which means students will argue when they know something related to the topic or problem being 

discussed. Therefore, the role of the teacher is very influential on students' scientific argumentation skills. 

 

 

4. CONCLUSION 

The development of interactive E-LKPD based on the argument driven inquiry model to improve 

students' scientific argumentation skills was carried out using the Lee & Owens Model development model 

(2004). Conceptual product feasibility assessment through media expert validation obtained a percentage of 95% 

in the very feasible category. Meanwhile, material expert validation obtained a percentage of 98.57% with a very 

feasible category. Procedural product suitability assessment resulted in a teacher assessment of 98.57% in the 

very good category. Testing of student responses, namely through one-on-one trials, obtained a feasibility score 

of 93.3% in the very good category, and in small group trials the feasibility score was 89% in the very good 

category. The effectiveness test was carried out based on the results of the t-test analysis showing that the Sig. 

(2-tailed) 0.000 < 0.05 means there is a significant difference between the pretest and posttest results of students 

before and after using E-LKPD. Then, from the results of the analysis using the factor g (N-gain) formula 

developed by Hake, the result was 0.57 and it can be interpreted that there was an increase in students' scientific 

argumentation skills in the medium category after using E-LKPD. 

 

 

ACKNOWLEDGEMENTS 

My deep gratitude goes to Senior High School 4 Tanjung Jabung Timur for providing the opportunity to 

carry out this research. In addition, the researcher would like to thank all parties who contributed to the success 

of this research. 

 

REFERENCES 
[1] R. M. Probosari, M. H. Ramli, M. Indrowati, and Sajidan, “Profil keterampilan argumentasi ilmiah mahasiswa 

pendidikan biologi fkip uns pada mata kuliah anatomi tumbuhan [Profile of scientific argumentation skills of fkip uns 

biology education students in the plant anatomy course],” Jurnal Bioedukasi, vol, 9, no. 1, 2016, doi: 

10.20961/bioedukasi-uns.v9i1.3880. 

[2] E. W. Roviati and A., “Kontribusi argumentasi ilmiah dalam pengembangan keterampilan berfikir kritis [The 

contribution of scientific argumentation in the development of critical thinking skills],” J. Ilm. Multi Sci., vol. 11, no. 2, 

pp. 56–66, 2019, doi: 10.30599/jti.v11i2.454. 

[3] A. N. Muna and Rusmini, “Pengembangan lember kerja peserta didik untuk melatihkan keterampilan argumentasi 



In. Sci. Ed. J ISSN: 2716-3725  

The Development of Electronic Students’ Worksheets (E-LKPD) Based On Argument … (Suri Margi Utami) 

71 

ilmiah peserta didik pada materi laju reaksi [Developing student worksheets to practice students' scientific 

argumentation skills on reaction rate material],” J. Chem. Educ., vol. 10, no. 2, pp. 159–171, 2021, doi: 

10.26740/ujced.v10n2.p159-171. 

[4] N. D. C. Devi, E. Susanti, N. Indriyanti, and Y., “Analisis kemampuan argumentasi siswa sma pada materi larutan 

penyangga [Analysis of high school students' argumentation abilities on buffer solution material],” J. Kim. dan 

Pendidik. Kim., vol. 3, no. 3, pp. 152–159, 2018, doi: 10.20961/jkpk.v3i3.23308. 

[5] A. W. R. Akili, L. A., and L. A. R. Laliyo, “Pengembangan perangkat pembelajaran larutan elektrolit berbasis model 

argument driven inquiry untuk melatih keterampilan argumentasi ilmiah siswa sma [Development of an electrolyte 

solution learning tool based on the argument driven inquiry model to train high school students' scientific 

argumentation skills],” J. Inov. Pendidik. Kim., vol. 16, no. 1, pp. 22–29, 2022, doi: 10.15294/jipk.v16i1.28996. 

[6] Y. Herlanti, Pemanfaatan Media Sosial pada Pembelajaran Sains berbasis Isu Sosiosaintifik untuk Mengambangkan 

Keterampilan Berargumentasi dan Literasi Siswa [Utilization of Social Media in Science Learning based on 

Socioscientific Issues to Develop Students' Argumentation and Literacy Skills]. Bandung: Sekolah Pascasarjana 

Universitas Pendidikan Indonesia, 2014. 

[7] Y. Andriani and R. Riandi, “Peningkatan penguasaan konsep siswa melalui pembelajaran argument driven inquiry pada 

pembelajaran ipa terpadu di smp kelas vii [Increasing students' mastery of concepts through argument driven inquiry 

learning in integrated science learning in class VII junior high school],” EDUSAINS, vol. 7, no. 2, pp. 114–120, 2015, 

doi: 10.15408/es.v7i2.1578. 

[8] A. Irvan and S. Admoko, “Analisis kemampuan argumentasi ilmiah siswa berbasis pola toulmin’s argument pattern 

(tap) menggunakan model argument driven inquiry dan diskusi pada pembelajaran fisika sma [Analysis of students' 

scientific argumentation abilities based on Toulmin's argument pattern (tap) using the argument driven inquiry and 

discussion model in high school physics learning],” Inov. Pendidik. Fis., vol. 9, no. 3, pp. 318–325, 2020, doi: 

10.26740/ipf.v9n3.p318-324. 

[9] A. Novitasari., M. H. Z., D. L. Lentika, D. R. Maghfiroh, and S. Atmoko, “Pengembangan lkpd model pembelajaran 

argument driven inquiry untuk meningkatkan keterampilan literasi sains siswa [Development of LKPD argument 

driven inquiry learning model to improve students' scientific literacy skills],” ORBITA J. Has. Kajian, Inov. dan Apl. 

Fis., vol. 8, no. 1, p. 7, 2022, doi: 10.31764/orbita.v8i1.8412. 

[10] A. R. P. Leba, “Pengembangan lembar kerja peserta didik (LKPD) Materi Biologi Berbasis Inkuiri Terbimbing untuk 

Siswa SMA Kelas X Semester 2 [Development of student worksheets (LKPD) on Guided Inquiry-Based Biology 

Material for Class X Semester 2 High School Students],” in Jurusan Pendidikan Matematika dan Ilmu Pengetahuan 

Alam Fakultas Keguruan dan Ilmu Pendidikan Universitas Sanata Dharma Yogyakarta, Yogyakarta: Universitas 

Sanata Dharma Yogyakarta, 2021, pp. 24–25. 

[11] A. K. J. K. Rochman and Yuliani, “Pengembangan lembar kerja peserta didik elektronik (e-lkpd) berbasis inkuiri pada 

submateri fotosintesis untuk meningkatkan kemmpuan argumentasi peserta didik [Development of inquiry-based 

electronic student worksheets (e-LKPD) on photosynthesis sub-materials to improve students' argumentative abilities],” 

Berk. Ilm. Pendidik. Biol., vol. 10, no. 3, pp. 663–667, 2021, doi: 10.26740/bioedu.v10n3.p663-673. 

[12] I. Yulia, Connie, and E. Risdianto, “Pengembangan lkpd berbasis inquiry berbantuan simulasi phet untuk meningkatkan 

penguasaan konsep gelombang cahaya di kelas xi mipa sman 2 Kota Bengkulu [Development of inquiry-based LKPD 

assisted by PHET simulations to improve mastery of the concept of light waves in class Xi MIPA SMA 2 Bengkulu 

City],” J. Kumparan Fis., vol. L1, no. 3, p. 7, 2018, doi: 10.33369/jkf.1.3.64-70. 

[13] Y. Yusnidar, E. Epinur, and N. A. Nadila, “Analysis of Student Responses to Student Worksheets Based on Project 

Based Learning Models,” In. Sci. Ed. J, vol. 4, no. 3, pp. 111-116, 2023, doi: 10.37251/isej.v4i3.718. 

[14] F. M. Mardiana and N. Y. Ningsih, “Cooperative Learning Model on Atomic Structure Material and It’s Influence on 

the Scientific Attitude of Class X Students at Senior High School,” In. Sci. Ed. J, vol. 4, no. 1, pp. 23-29, 2023, doi: 

10.37251/isej.v4i1.273. 

[15] E. Romiyati, A. Ardi Rahman, and E. Budiyono, “Development of Mathematical Student Worksheets Based on 

Scientific Approaches and PQ4R Learning Strategies on Associated Materials”, Jor. Eva. Edu, vol. 4, no. 1, pp. 17-20, 

2023, doi: 10.37251/jee.v4i1.296. 

[16] M. Maria, S. Silalahi, Y. Aggarwal, and U. Galadima, “Implementation of Science Student Work Sheet Based on 

Multiple Intelligence Materials Temperature and Their Changes”, Jor. Eva. Edu, vol. 4, no. 3, pp. 104-109, 2023, doi: 

10.37251/jee.v4i3.698. 

[17] U. Pratiwi, Mudah Belajar Design Grafis dengan Aplikasi Canva [Easy to Learn Graphic Design with the Canva 

Application]. Yogyakarta: Diva Press, 2021. 

[18] Sugiyono, Metode Penelitian Pendidikan (Pendekatan Kualitatif, Kuantitatif, R&D) [Educational Research Methods 

(Qualitative, Quantitative, R&D Approaches]. Bandung: Alfabeta, 2018 

[19] W. W. Lee and D. L. Owens, Multimedia-Based Instructional Design [Multimedia-Based Instructional Design]. San 

Francisco: Pfeiffer, 2004. 

[20] R. Rusdi, Penelitian Desain dan Pengembangan Kependidikan [Educational Design and Development Research]. 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 5, No. 2, May 2024:  65 - 73 

72 

Depok: Rajawali Pers, 2018. 

[21] S. E. Toulmin, The uses of argument, Cambridge university press, 2003. 

[22] R. Hake and R., Change/Gain Scores.AREA-D American Education Research Association’s Devision.D, Measurement 

and Reasearch Methodology, 1999. 

[23] N. Hasnunidah, H. Susilo, M. Irawati, and H. Suwono, “The contribution of argumentation and critical thinking skills 

on students’ concept understanding in different learning models,” Journal of University Teaching & Learning 

Practice, vol. 17, no. 1, 2020, doi: 10.53761/1.17.1.6. 

[24] I. L. L. Ping, L. Halim, and K. Osman, “Explicit Teaching of Scientific Argumentation as an Approach in Developing 

Argumentation Skills, Science Process Skills and Biology Understanding,” Journal of Baltic Science Education, vol. 

19, no. 2, pp. 276-288, 2020, doi: 10.33225/jbse/20.19.276. 

[25] O. Sengul, P. J. Enderle, and R. S. Schwartz, “Science teachers’ use of argumentation instructional model: linking PCK 

of argumentation, epistemological beliefs, and practice,” International Journal of Science Education, vol. 42, no, 7, pp. 

1068-1086, 2020, doi: 10.1080/09500693.2020.1748250. 

[26] G. Zhao, R. Zhao, X. Li, Y. Duan, and T. Long, “Are preservice science teachers (PSTs) prepared for teaching 

argumentation? Evidence from a university teacher preparation program in China,” Research in Science & 

Technological Education, vol. 41, no. 1, pp. 170-189, 2023, doi: 10.1080/02635143.2021.1872518. 

[27] W. J. Howitz, T. Frey, S. J. Saluga, M. Nguyen, K. Denaro, and K. D. Edwards, “A specifications-graded, sports drink-

themed general chemistry laboratory course using an argument-driven inquiry approach,” Journal of Chemical 

Education, vol. 100, no. 2, pp. 672-680, 2023, doi: 10.1021/acs.jchemed.3c00433. 

[28] T. Demircioglu, M. Karakus, and S. Ucar, “Developing students’ critical thinking skills and argumentation abilities 

through augmented reality–based argumentation activities in science classes,” Science & Education, vol. 32, no. 4, pp. 

1165-1195, 2023, doi: 10.1080/02635143.2021.1872518. 

[29] V. Sampson, “Argument-Driven Inquiry in Undergraduate Chemistry Labs: The Impact On Students Conceptual 

Understanding, Argumen Skills, And Attitude Towards,” J. Coll. Sci. Teach. Sci., pp. 1–9, 2012. 

[30] Seixas Mello, P., Cotta Natale, C., Marzin-Janvier, P., Vieira, L. Q., & Manzoni-de-Almeida, D. (2023). Inquiry-based 

learning in immunology: Analysis of scientific argument construction by undergraduate students in biological science 

and health care classes. Journal of Biological Education, vol. 57, no. 1, pp. 68-82, 2023, doi: 

10.1080/00219266.2021.1877778. 


