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learning with procedural e-scaffolding is still limited. In this article, we report the results of

Approved 25/07/ 2021 research that combines argument-driven inquiry learning with procedural e-scaffolding. This
research was conducted in three classes which were divided into ADI-ES class, ADI class,
and control class. Learning is done online so that data is collected using the help of google

Keywords: forms. Furthermore, the data were analyzed using ANOVA and post hoc test. The results

Scientific Argument showed that there were differences in the ability of scientific argumentation before and after
Argument Driven Inquiry learning. Among the three classes, the ADI-ES class has a change in scientific argumentation
E-Scaffolding ability that is better than the other classes . Furthermore, the comment feature on google doc

Procedural can be further utilized to support e-scaffolding during learning.

INTRODUCTION

The contribution of scientific reasoning by students must play a central part in the teaching process (Kuhn, 2010). Scientific
argumentation is the practice of gathering and evaluating facts in order to produce explanations of natural occurrences, provide
explanations with acceptable arguments, and analyze the validity and justifications from a particular perspective (Sampson & Clark,
2010; Toulmin, 2003). (Ogan-Bekiroglu & Eskin, 2012) and (Hendratmoko et al., 2015). According to the present requitements analysis,
teachers have not familiarized students with scientific reasoning abilities in online physics instruction (Khusnayain et al., 2013).

It is not simple to introduce students to scientific argumentation abilities online. This is because training these skills requires effort
(Priyadi et al., 2018). One of the responsibilities of teachers is to offer support in phases, often known as scaffolding (Cahyani &
Hendriani, 2017). (Hoy & Margetts, 2013; Kamil, 2018; Moran, 2007) Scaffolding is a learning approach that tries to provide aid or
direction to students throughout the learning process until they can learn independently. As technology advances, digital-based learning
can be integrated with scaffolding. This will generate flexible learning activities, as they will be easily adaptable to students' time and
location available (Chandrawati, 2010).

Students' scientific reasoning skills are weakened since discussion activities are brief (Sulistina et al., 2018a). Learning activities that
need data collecting from practicum take a considerable amount of time to complete. The application of argument-driven inquiry
learning can considerably improve students' knowledge (Bukifan & Yuliati, 2021), particularly the cognitive feature of C2
(understanding) (Andriani, 2016; Rahayu et al., 2019). In addition, the argument-driven inquiry paradigm can cause indicators to
propose ideas, examine data, and provide rational support for level 4 scientific arguments (Kacar & Balim, 2021; Kurnasari & Setyarsih,
2017).

During the pandemic, students learn online using their own devices; hence, a learning management system (LMS) is required to
facilitate online learning. Google Classroom is a suitable LMS because it allows teachers to efficiently organize, design, and schedule
learning assignments, provide input and feedback, and communicate more effectively with their students (Shaharanee et al., 2016).
The usage of LMS to provide students with the most e-scaffolding is also noteworthy. The success of online learning platforms will
be determined by four key factors: accessibility, collaboration, and speed (Heggart & Yoo, 2018). Google classroom facilitates the
development of student learning activities due to its user-friendly characteristics (Al-Maroof & Al-Emran, 2018). Google Doc, Google
Form, YouTube, Google Met, and Gmail are among the integrated Google Classroom features that can be utilized as an online learning
LMS. These characteristics facilitate e-scaffolding in online learning.

argument-driven inquiry learning model combined with the e-scaffolding approach is a learning paradigm in which students solve
actual problems in order to compile their defended arguments. It is anticipated that students will acquire inquiry and higher-order
thinking skills (Arends, 2012). In order for the e-scaffolding method to foster students' trust in their own arguments.
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Multiple research findings conducted by various scholars indicate that students' reasoning skills are still lacking. The majority of
students are only at levels two and three out of five for scientific argumentation (Admoko et al., 2021; Pan et al., 2021; Priyadi et al,,
2018). The implementation of argument-driven inquiry learning utilizing the e-scaffolding strategy is anticipated to aid online students
in overcoming difficulties with comprehension and developing scientific argumentation skills. Therefore, the following hypotheses are
employed in this study:

Ho : In terms of average scientific reasoning, there is no difference between groups of students who received procedural E-
scaffolding in ADI learning, ADI learning, and conventional learning.

Hi : Average scientific reasoning differs across groups of students who received procedural E-scaffolding in ADI learning, ADI
learning, and traditional learning..

METHOD

The study employed a mixed methods approach with a quasi-experimental design conducted in class XI MIPA SMAN 1 Bangil.
The design used is presented in Table 1.

Table 1. Quasi-Experimental Research Design

Class Pre-test Treatment Post-test
Control X O 1 X,
Experiment 1 X4 02 _ X2
Experiment 2 X 1 03 X

Source: Creswell (2012)

The sample used consisted of three classes selected by cluster sampling. Experimental class 1 learnt by online .Argument-driven inquiry
with Procedural E-Scaffolding (ADI-ES), Experimental class 2 learnt by Argument-driven inquiry online (ADI), and control class learnt by
online learning using google meet with power point application. After the learning was carried out, a post-test was carried out which
was then be analyzed to determine the effectiveness of learning in each class.

RESULTS

The statistical descriptions of the pre-test and post-test of students' scientific arguments ate presented in Table 2 and the differences
in the components of students' scientific arguments in each class are presented in Figure 1.

Table 2. Statistical description of the pre-test and post-test of students' scientific arguments

Class N Average Standard Deviation Maximum Value
ADIES Expetiment Class 36 73.78 12.83 100
ADI Experiment Class 36 52.33 11.29 100
Control Class 36 46.33 11.29 100
100,00
80,00
60,00
40,00
20,00
0,00
Claim Data Warrant Qualifier
m Kelas Eksperimen ADIES Kelas Eksperimen ADI Kelas Kontrol

Figure 1. Analysis of changes in the components of scientific argumentation in each class

Hypothesis test results are presented in Table 3.

Table 3. Hypothesis test results using Analysis of Variance
Sum of Squares df Mean Square F  Sig.
Between Groups  14988,741 2 7494.370 53,589 .000
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Within Groups 14684.222 105 139,850
Total 29672,963 107

Because the value of Sig. This is smaller than the significance level of =0.05, it can be indicated that there are differences in scientific
argumentation between groups of students who were given procedural E-scaffolding in ADI learning, ADI learning, and conventional
learning. Furthermore, further tests were carried out with Post Hoe with the aim of knowing which teaching method made the average
value of scientific argumentation high. The results of the Post Hoc test are presented in Table 4.

Table 4. Further test results (Post Hoc) with Tukey HSD

Mean Difference  Standard  Significanc 95% Confidence Interval
Test Type (D) Class () Class () Error e Lower Bound Upper Bound

Tukey HSD  ADI-ES ADI 21,444 2,787 .000 14.82 28.07
Control 27,444 2,787 .000 20.82 34.07

ADI ADI-ES -21,444 2,787 .000 -28.07 -14.82

Control 6,000 2,787 .084 -.63 12.63

Control ADI-ES -27,444 2,787 .000 -34.07 -20.82

ADI -6,000 2,787 .084 -12.63 .63

DISCUSSION

Argumentation in education goes beyond asking pupils to express their viewpoint on a presented phenomenon. So that the
argumentation process is a sufficient critical thinking technique for pupils to learn to process and analyze different types of information
(Haruna & Nahadi, 2021). In addition, students must be able to communicate the outcomes of their study to other groups and attempt
to persuade them to agree with them. This is referred to as the justifying procedure. It is necessary for other parties to acknowledge
the arguments offered by pupils. This trains kids to be tenacious, trustworthy, and confident in their talents.

The results of the examination of data on scientific argumentation indicate that the three classes differ in their scientific
argumentation abilities. In online Argument-driven inquiry learning, the experimental class taught with conceptual e- scaffolding has
the greatest average, followed by the experimental class without conceptual e- scaffolding and the control class with the lowest average.
All steps of the argument-driven inquiry learning model provide a mechanism for students to become accustomed to scientific
argumentation, hence influencing their scientific argumentation skills (M et al., 2019; Rahayu et al., 2019; Sulistina et al., 2018b).

Further tests using Tukey HSD revealed disparities in the scientific reasoning abilities of students who were taught via procedural
E-scaffolding in ADI learning, ADI learning, and traditional learning. This is evidenced by the significance value of 0.00, which is less
than 0.05, for the procedural e-scaffolding model in ADI learning and ADI learning, but the significance value of 0.08 for conventional
learning is larger than 0.05. This is because the ADI-ES learning environment provides access to a variety of learning resources,
features, and supportive communication medium, making it easier for the teacher to provide scaffolding. Specifically, scaffolding can
improve the quality of learning, including learning outcomes in online learning (Koes-H et al., 2018), and its effects appear to rise with
the age of the learner (Doo et al., 2020)

The difference in average test scores and the proportion of markers of scientific reasoning skill between the two experimental
courses (ADI-ES and ADI) and the control class was due to the different treatments each class received (Figure 1). With the use of e-
scaffolding, the experimental class is able to construct a convincing argument supported by evidence and an explanation of the
supporting evidence. The argument claim, data, warrant, and qualifier had a higher average than the ADI class without e-scaffolding
and the control group. The ADI class and the control class have about the same average for the claim and qualification components,
however the experimental class ADI has a higher average for the data and warrant components. (Kurnasari & Setyarsih, 2017) found
that procedural e-scaffolding interventions in argument-driven inquity learning offered during learning can affect students' scientific
argumentation skills. This is due to the fact that all stages of the argument-driven inquiry learning paradigm give students with
opportunities to practice scientific argumentation, hence enhancing their scientific argumentation skills (M et al., 2019; Priyadi et al,,
2020; Rahayu et al., 2019).

CONCLUSION

Applying the Argument-driven inquiry approach can enhance all indices of scientific argumentation competence. In this study, the
ADI-ES experimental class that utilized the argument-driven inquiry learning paradigm in conjunction with e-scaffolding had the best
level of scientific argumentation skill. There did not appear to be an average difference between the ADI experimental class and the
control class for the claim and qualifier indicators. Only the data and warrant indications contain the average difference. It appears
that pupils require e-scaffolding in order to construct convincing arguments. During the COVID-19 pandemic, the necessity for an
LMS in learning physics with the ADI model online necessitates e-scaffolding to assist students with argument development.
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This research can be used as a reference for teachers and other researchers in the field of physics education or relevant ones in
accordance with the implementation of argument-driven inquiry (ADI) learning with procedural e-scaffolding. E-scaffolding on
student worksheets still raises some questions for them, then the comment feature on google doc might be used to support e-
scaffolding during learning.

REFERENCES

Admoko, S., Hanifah, N., Suprapto, N., Hariyono, E., & Madlazim, M. (2021). The Implementation of Argument Driven Inquiry (ADI) Learning Model to Improve
Scientific Argumentation Skills of High School Students. Journal of Physics: Conference Series , 1747 (1), 012046. https://doi.org/10.1088/1742-
6596/1747/1/012046

Al-Maroof, RAS, & Al-Emran, M. (2018). Students acceptance of google classroom: An exploratory study using PLS-SEM approach. International Jonrnal of Emerging
Technologies in Learning , 13 (6), 112-123. https://doi.org/10.3991/ijet.v13i06.8275

Andriani, Y. (2016). Improving Student Concept Mastery Through Argument Driven Inquiry Learning in Integrated Science Learning in Class VII Junior High
School. Edusains , 7 (2), 114-120. https://doi.org/10.15408/es.v7i2.1578

Arends, RI (2012). Learning to Teach (9th ed.). The McGraw-Hill Companies, Inc.

Bukifan, D., & Yuliati, L. (2021). Conceptual Undetstanding of Physics within Argument-driven Inquiry Learning for STEM Education: Case Study. AIP Conference
Proceedings , 2330 (March), 050017. https://doi.org/10.1063/5.0043638

Cahyani, R., & Hendtiani, Y. (2017). Students' ability of scientific inquiry with multimedia in cell reproduction materials. Indonesian Journal of Science Education , 6 (2),
265-270. https://doi.org/10.15294/jpii.v6i2.9484

Chandrawati, SR (2010). Utilization of E-learning in Learning. Journal of Educational Horizons , Volume 8 , 172—181.

Creswell, JW (2012). Educational research: Planning, conducting, and evaluating quantitative and qualitative research. In Educational Research (Vol. 4).
https://doi.org/10.1017/CBO9781107415324.004

Doo, MY, Bonk, C., & Heo, H. (2020). A Meta-Analysis of Scaffolding Effects in Online Learning in Higher Education. The International Review of Research in Open and
Distributed Learning , 21 (3). https://doi.org/10.19173/irrodl.v21i3.4638

Haruna, A., & Nahadi. (2021). Exploring the Relationship between Argumentation Level and Students' Critical Thinking Ability in Solving Chemical Bond Problems.
Journal of Chemical Edncation Innovation , 15 (1), 2686—2694.

Heggart, KR, & Yoo, J. (2018). Getting the most from google classroom: A pedagogical framework for tertiary educators. Australian Journal of Teacher Education , 43 (3),
140-153. https://doi.org/10.14221/ajte.2018v43n3.9

Hendratmoko, AF, Susantini, E., Studies, P., Science, P., Postgraduate, P., & Negeri, U. (2015). Development Of Physics Learning Materials Based On Guided Inquiry Model
Integrated With Virtnal Laboratory To Facilitate Student'S Scientific Argumentation Ability . 4 (1), 1-12.

Hoy, AW, & Margetts, K. (2013). Educational Psychology (2nd ed.). Australian Pearsons.

Kacar, S., & Balim, A. (2021). Secondary School Students' Views About the Use of Argument-Driven Inquiry in the Science Coutses. Turkish Online Journal of
Qualitative Inguiry , 12 (1), 56-101. https://doi.org/10.17569/t0jqi.796913

Kamil, R. (2018). Exploring Teacher'S Scaffolding To the Students in Teaching Writing. Journal of English and Education , 5 (2), 187-193.
http://¢journal.upi.edu/index.php/LE/article/view/9949/6332

Khusnayain, A., Abdurrahman, & Suyatna, A. (2013). The Effect of Argumentation Skills Using Problem Based Learning (PBL) on Students' Scientific Literacy.
Journal of Learning Physics, University of Lampung , 9 (1), 69-76.

Koes-H, S., Muhardjito, M., & Wijaya, CP (2018). Scaffolding for solving problems in static fluid: A case study. AIP Conference Proceedings , 1923 , 1-9.
https://doi.org/10.1063/1.5019519

Kuhn, D. (2010). Teaching and learning science as argument. Science Education , 94 (5), 810—-824. https://doi.org/10.1002/sce.20395

Kurniasari, IS, & Setyarsih, W. (2017). Application of the Argument Driven Inquiry (ADI) Learning Model to Practice Students' Scientific Argumentation Ability on
Work and Energy Matertials. Physics Education Innovations , 6 (3), 171-174. https://jurnalmahasiswa.unesa.ac.id/index.php/inovasi- Pendidikan-
fisika/article/view/20276

M, H., Erniwati, E., & Jusmiani, I. (2019). Application of the Argument Driven Inquiry (ADI) Learning Model to Improve Learning Outcomes and Scientific
Argumentation Skills of Students. Journal of Physics Education Research , 4 (4), 178. https://doi.org/10.36709/jipfi.v4i4.9744

Moran, MC (2007). Differentiated Literacy Coaching : Scaffolding for Student and Teacher Success .

Ogan-Bekiroglu, F., & Eskin, H. (2012). Examination of the relationship between engagement in scientific argumentation and conceptual knowledge. International
Journal of Science and Mathematics Education , 10 (6), 1415-1443. https:/ /doi.org/10.1007/s10763-012-9346-z

Pan, MA, Marfu'ah, S., & Dasna, IW (2021). The Effect of the Argument-driven Inquiry (ADI) based on Science, Environment, Technology, and Society (SETS) to
Students' Concept Understanding and Scientific Argument Skill in Buffer Solution Learning: Studyed from Cognitive Style. AIP Conference Proceedings , 2330 ,
020038. https://doi.org/10.1063/5.0043621

Priyadi, R., Diantoro, M., & Parno, P. (2018). Student's Scientific Argumentation Skills on Heat and Temperature. The Radiance of Education , 7 (4), 63—68.
https://doi.org/10.25037/pancaran.v7i4200

Priyadi, R., Diantoro, M., Parno, & Taqwa, MRA (2020). Using Argument-driven Inquiry Learning to Improve Students' Mental Models . 050011 (April), 050011.
https://doi.org/10.1063/5.0000569

Rahayu, SD, Ashadi, A., & Dwiastuti, S. (2019). Application of the Argument-Driven Inquiry (Adi) Model in Improving Learning Outcomes Aspects of Knowledge
on Plant Structure and Function Matetials. National Seminar on Science Education , 82—85.

Sampson, V., & Clark, DB (2010). A Comparison of the Collaborative Scientific Argumentation Practices of Two High and Two Low Performing Groups. Research in
Science Education , 41 (1), 63-97. https://doi.org/10.1007/s11165-009-9146-9

Shaharanee, INM, Jamil, JM, & Rodzi, ASSM (2016). The application of Google Classroom as a tool for teaching and learning. Journal of Telecommunication, Electronic
and Computer Engineering , 8 (10), 5-8.

Sulistina, O., Widarti, HR, & Sigit, D. (2018a). ADI ( Atgument Driven Inquiry ) Learning Innovation Based on Blended Learning in Chemistry Practicum Lectures.
National Seminar on Chemistry and Learning (SNKP) 2018: Synergy of Science, Technology, and Learning in Chemistry in the Era of Globalization , November 69-T7.

Sulistina, O., Widarti, HR, & Sigit, D. (2018b). ADI (Argument Driven Inquiry) Learning Innovation Based on Blended Learning in Chemistry Practicum Lectures.
National Seminar on Chemistry and Learning (SNKP) 2018: Synergy of Science, Technology, and Learning in Chemistry in the Era of Globalization , November 69-T7.

Toulmin, SE (2003). The Uses of Arguments . Cambridge University Press.



