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Article Info Abstract
Article History This study aims to develop a structured scaffolding-guided inquiry (SSGI)
Received: learning model that is oriented toward nurturing argumentation skills to solve
17 February 2024 complex problems. Test the effectiveness of the SSGI model in improving
?;ji?;e;jc:m students' argumentation skills to solve complex problems. This research is
development research that refers to Dick and Carey. Test the effectiveness of the
SSGI learning model in a quasi-experimental pre-test and post-test group design.
Argumentation skills to solve complex problems data were collected using an
Keywords essay test. The research sample used Physics Education students in the 4th
Nurturing

Structured argumentation semester (N = 30). The significance of the difference in pre-test and post-test
Scaffolding scores was analyzed using the t-test. The impact of the SSGI is analyzed using
Guided inquiry effect size. The result of this study indicates that the SSGI enhances students'
Complex problems argumentation skills to solve complex problems. The increase in students'
argumentation skills to solve complex problems was 7% in the high category, 57%
in the medium category, and 36% in the low category. The effect size coefficient
of the SSGI is 0.78 in the medium category. The SSGI syntax that contributes the
most to growing argumentation skills to solve complex problems is the reasoning

syntax. Then the next sequence is syntax exploration, closure, and orientation.

Introduction

Understanding science concepts and thinking skills is crucial in science learning to prepare students to master
21%-century skills related to creative thinking, critical thinking, problem-solving, communication, and
collaboration. These 21%-century skills will be difficult to achieve if students' literacy in understanding basic
science concepts and thinking skills is low. To address this, the Indonesian national curriculum framework has
established competency standards that must be achieved by undergraduate students, namely understanding
theoretical concepts in depth, being able to solve problems using science and technology, and being able to make
appropriate decisions based on valid data or information. For this competence to be achieved, it requires technical
innovation to foster an understanding of basic concepts towards more complex concepts as well as the ability to
reason to solve problems based on cross-disciplinary techniques. Conceptual knowledge influences problem-

solving thinking skills (Englund et al., 2017). Conceptual knowledge plays a significant role in influencing

1197



Nasir & Kusumadani

problem-solving thinking skills (Yessi et al., 2020; Masooma et al., 2019; Englund et al., 2017). Students need to
have a deep understanding of concepts to effectively solve problems in various domains of mathematics and
physics. Research studies have shown that students' conceptual understanding is positively correlated with their
problem-solving skills (Restina et al., 2020; Calliste et al., 2020; Xian et al., 2015)

Argumentation skills are the ability to derive an explanation from a phenomenon and bolster it with pertinent data
and arguments (McNeill et al., 2006). The degree to which students are able to express causal claims and determine
whether the data they look at during their investigation supports those claims is known as their argumentation
skills (De Sandoval, 2009). The ability to argue must follow the phenomenon's logical and cohesive causal history,
which is linked to a number of underlying processes (Strevens, 2008). Understanding the causal story of natural
phenomena through representation can make it easier to make conclusions about abstract entities and processes
(Yeo & Gilbert, 2014). The implication of the research results of Wang (2015) is the need to improve the design

of the scaffolds to facilitate the construction of argumentation skills.

Argumentation skills need to be empowered to train students to understand the nature of the scientific process.
Science as a process provides an overview of how scientists work to make discoveries through the scientific
method systematically to compile knowledge (Nersessian, 2010). Science as a process is an understanding of how
scientific information in science is obtained, tested, and validated. Understanding science as a process is closely
related to phenomena, conjectures, observations, measurements, investigations, and communication (Ludascher,
et al., 2009). The process aspect in science has two aspects, namely gaining knowledge about the environment
and creating a point of view that provides a framework for understanding the importance of information. These
two activities are in no way separate from each other. Someone needs a point of view to gain new knowledge and

vice versa someone needs the knowledge to create a point of view (John, 2016).

Information and data obtained from inquiry activities are very important to support claims and put forward
scientific reasons. A structured argumentative scaffolding stimulus is needed in the inquiry learning model to
produce an argumentation skill based on a systematic argumentation framework. Hsu et al (2015) research on
structured argumentation scaffolding shows that there is a significant increase in argumentation skills. Inquiry-
based learning is learning in which students follow methods similar to those used by professional scientists to
build knowledge through developing questions and hypotheses, collecting data, analyzing data, and drawing and
testing conclusions (NRC, 2008). Inquiry learning is defined as the process of finding a causal relationship where
students formulate hypotheses and test them by making observations (Pedaste et al., 2012). Inquiry learning will
promote the acquisition of scientific knowledge, skills, and attitudes through the investigation of questions and
problems for which there is often no single answer (Bybee et al., 2008). Teaching using the inquiry model means

involving students in investigative activities and teaching appropriate ways of thinking (Flick & Lederman, 2006).

The inquiry learning model has advantages and disadvantages. The advantages of the inquiry learning model
include: (1) Emphasizing the balanced development of cognitive, affective, and psychomotor aspects; (2) Helping
students transfer their concepts to new learning process situations; (3) Learners are more active in finding and

processing information until they find answers to questions independently; (4) Students can understand basic
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concepts and ideas better; (5) Encouraging students to think and work on their initiative, to be objective, honest
and open (Trianto & Ibnu, 2014; Jumaisa, 2020). The results of research by Wenno, et al (2016) and Azzahro
(2018) show that the inquiry learning model can improve conceptual understanding. Weaknesses of the inquiry
learning model include (1) If problem-solving questions are not formulated properly, students will not be directed;
(2) The implementation takes a long time so that educators often find it difficult to adjust to the allotted time; and
(3) In the classical system with a relatively large number of students, the use of the inquiry model is difficult to
develop properly (Trianto & lbnu, 2014; Buckwalter & Turri, 2016; Jumaisa, 2020). To overcome the
shortcomings of the inquiry learning model, it is necessary to select the right type of inquiry to be used according
to the student's condition. The type of inquiry learning model that is relevant to students who are not used to the

inquiry is the guided inquiry model.

A bridge to grow basic concepts and argumentation skills toward solving complex problems can be done using
structured scaffolding techniques in guided inquiry learning. The stages in learning scaffolding structured guided
inquiry start from problem orientation, exploring basic concepts, and reasoning to develop concepts in the
framework of solving problems in the context of science applications. Scaffolding structured guided inquiry is
based on Ausubel's theory of expository advance organizers, namely providing new knowledge needed by students
to understand future information. Advance organizers as a mechanism to help connect new learning material with
related ideas (Ausubel, 1960). Scaffolding helps students proceed through tasks by providing structure (Reiser,
2018). The structured argumentation scaffold helped students significantly improve their skills in constructing
argumentation skills, making more dialogue moves for explanation and query, and using more of all four argument

components (Hsu et al., 2015).

Scaffolding structured guided inquiry is designed to be different from the scaffolding technique that is commonly
used to help students learn to understand lessons. Scaffolding in this model emphasizes the assistance given to
students to help them achieve independence. Students are given complex, difficult, and realistic problems, and
then given sufficient assistance in solving these problems. The assistance provided by educators can be in the
form of instructions, illustrations, and describing problems in the form of science applications that allow students
to be independent in solving them with a multi-disciplinary approach, especially using STEM disciplines. STEM
approaches can link scientific inquiry with formulating questions answered through inquiry before they are
involved in the engineering design process to solve problems (Kennedy and Odell, 2014; Jackson & Mohr-
Schroeder, 2018). Argumentation skills in a STEM context are expected to be taught in class as a provision for
students to face the challenges of globalization. In this research, endoscopy technology as a STEM context to
construct structured argumentation scaffolding. A significant portion of students perceived that they gained a
deeper understanding of lecture contents when technology was used in class (Al-Labadi & Sant, 2021). Teaching
strategies must have characteristics such as innovation, flexibility, criticism, perspective, and guiding level
(Jiménez et al., 2023).

To achieve the research objectives, it is necessary to propose a problem formulation, namely what syntax profile
of the SSGI model is compatible to foster argumentation skills in solving complex problems? Is the SSGI model

syntax effective in improving argumentation skills in complex problem-solving? Students' argumentation skills
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can be nurtured through structured scaffolding-guided inquiry. This approach involves providing support and
guidance to students as they engage in argumentation activities. The use of scaffolding techniques, such as
providing prompts, examples, and feedback, can help students develop their argumentation skills. A structured
scaffolding-guided inquiry model can provide the necessary support and guidance for students to develop their

argumentation skills to solve complex problems.

Literature Review

The results of previous research show that the Argument-Driven Inquiry (ADI) learning model is effective in
improving students' argumentation skills and conceptual understanding (Neni et al., 2022). The ADI model
focuses on guiding students through the process of constructing arguments based on evidence and reasoning. It
encourages students to critically analyze and evaluate information, and to communicate their ideas effectively
(Agustina et al., 2023). Dialogic scaffolding, which involves facilitating meaningful discussions and encouraging
student participation, has also been shown to enhance students' engagement in classroom argumentation (Sally,
Baricaua, & Gutierez, 2023). By aligning teachers' levels of epistemic understanding with their intentions for
dialogic scaffolding, students can be supported in developing their argumentation skills (Kathryn et al., 2022).
Previous research shows that no one has developed an SSGI model syntax that is oriented toward developing

argumentation skills to solve complex problems.

Theoretical Framework

Inquiry learning is learning where students follow methods similar to those used by professional scientists to build
knowledge, namely through developing questions and hypotheses, collecting data, analyzing data, and drawing
and testing conclusions (National Research Council, 2012). Inquiry learning is defined as the process of finding
causal relationships where students formulate hypotheses and test them by making observations (Pedaste et al.,
2012). Inquiry learning empowers scientific knowledge, skills, and attitudes through investigating questions and
problems for which there is often no single answer. Teaching using the inquiry model means finding ways to

involve students in investigative activities and also teaching appropriate ways of thinking.

This research uses guided inquiry for the reason of balancing the role of educators as facilitators and students'
learning independence. By providing guided questions, the learning process is directed towards the targeted
learning objectives. The type of guided inquiry learning model modified in this research is the Process-Oriented
Guided Inquiry Activities (POGIA) model. POGIA is student-centered instruction, that is, they work in teams
with activities that are prepared in a guided manner. The POGIA syntax consists of orientation, exploration,

concept formation, and closure (Hale & Mullen, 2009).

The scaffolding learning method refers to Vygotsky's theory, namely learning that occurs when students work or
learn to complete tasks that have not yet been studied but these tasks are in the zone of proximal development
(ZPD) or development slightly above the student's current development. The essence of scaffolding is to provide

a large amount of assistance to students during the early stages of learning, then little by little the assistance is
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reduced until the student can complete the tasks on his own. The assistance given to students can be in the form
of instructions, warnings, encouragement, explaining problems, providing examples, or other things that enable

students to learn independently.

The steps in learning using the scaffolding method according to Applebee and Langer in Zhao and Orey (1999),
namely (1) Intentionality, namely classifying complex parts that will be mastered by students into several specific,
clear and unified parts to achieve overall competence. intact. (2) Appropriateness, namely focusing on assisting
students on aspects that have not been mastered optimally. (3) Structure, namely providing a model so that students
can learn from the model displayed. Providing models can be through the process of thinking, words, actions, or
performance, then students are asked to explain what they have learned from the model. (4) Collaboration, namely
the teacher responds to the assignments carried out by students. The teacher's role is as a collaborator, not as an
evaluator, so that the teacher collaborates with students. (5) Internalization, namely the teacher strengthens the
knowledge that students have so that students master the material well. The key characteristics of scaffolding
consist of (1) Recruitment, namely recording student interest and compliance with the requirements of the tasks
given. (2) Reduction in degrees of freedom, namely simplifying the task so that feedback can be used for
correction. (3) Direction maintenance, (providing verbal encouragement and correction) to keep students
achieving certain goals. (4) Marking critical features, (confirming and checking) emphasizing something, and
interpreting errors. (5) Frustration control, namely responding to emotions expressed by students. (6)

Demonstration, namely modelling the solution to a task.

Argumentation skills are the ability to provide reasons to strengthen or reject an opinion (Toulmin, 2003). Toulmin
Argument Patterns can be used as a structure to help students think about how to make arguments by describing
the relationships between argument components (Gott & Duggan, 2007). Many other researchers have used
Toulmin's argument patterns to design scaffolds to help students construct scientific arguments (Yeh & She,
2010).

Indicators of argumentation skills are generally derived from aspects of Toulmin argumentation. Toulmin's
Argument Pattern Framework (2003) includes six aspects of argument, namely: (1) statement (claim), (2) evidence
(evidence), (3) warrant, (4) support, (5) qualification, and (6) rebuttal. Assertions of points of view, beliefs about
the state of affairs, and established values all lead to claims. The facts that back up a claim are known as evidence.
A reason that links information to a claim is called a justification. Support is a fundamental presumption that
underpins justification in a certain field. A situation where the claim is true is referred to as qualified. Rebuttals

are statements that refute a claim as false or that lack evidence, logic, or support.

Methodology

This research is development research that refers to Dick and Carey. Test the effectiveness of the SSGI learning
model in a quasi-experimental pre-test and post-test group design. The experimental class used the 4th semester,
which consisted of 30 students. Data on argumentation skills to solve complex problems were collected using a

test consisting of 9 essay questions. The indicators measured in this study are listed in Table 1.
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Table 1. Argumentation Skills Indicator

Indicator Description

Claim Ability to state a claim.

Evidence Ability to show evidence in the form of facts/concepts/laws/principles/supporting
claims.

Reasoning Ability to provide logical reasoning relationships between claims and evidence.

Using the Aiken test, which involved eight experts, the content validity of the argumentation abilities to solve
complex problem questions was evaluated. Nine questions are rated as good according to the validation results of
the argumentation skills constructs for solving complex problems. Because the argumentation skills reliability test

yielded a Cronbach's Alpha of 0.76, the argumentation skills instrument is deemed reliable.

The Shapiro-Wilk test results were used for the normalcy test, and the Levene test was used for homogeneity.
With the aid of the SPSS software, the t-test analysis was used to test the effectiveness of the test. The normalized
gain test was used to gauge how much students' ability to argue their way out of difficult situations had improved.

The N-gain score is determined by the following formula:

posttest score—pretest score (1)

N — gain =

ideal score—pretest score

The results of the normalized gain calculation are interpreted using Table 2 (Hake, 2002).

Table 2. Interpretation of N-Gain Score

N-Gain Score Criteria
0.0 £ N —Gain < 0.3 Low

0.3 < N—Gain < 0.7 Medium
N — Gain > 0.7 High

Using Cohen's formula, the extent to which the structured argumentation scaffolding enhanced the students' ability
to use argumentation to solve complex problems was assessed. The following formula is used to determine

Cohen's d value:

Cohen'sd = m;—@) (2)
Table 3's effect size coefficient was interpreted based on the standards provided by Cohen (1988).

Table 3: Cohen's Interpretation of Effect Size

Effect Size (r) Criteria
0.0<r<0.2 Low
0.2<r<0.8 Medium
0.8<r<2.0 High

The SSGI syntax correlation test to develop and imprdve argumentation skills to solve complex problems was

analyzed using Partial Least Square (PLS) analysis.
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Results
Results of Development of the SSGI Learning Model

The development of syntax for the SSGI learning model was developed from modifications to the POGIA syntax
and the scaffolding method. Validation of the contents of the SSGI syntax development results has been carried
out through Focus Group Discussion (FGD) activities. Suggestions for improvement from the Expert Team when
validating of SSGI learning model are shown in Table 4.

Table 4. Suggestions and Follow-up to Improve the SSGI Learning Model

No  Aspect Suggestion Follow-up

1 The theoretical ~ The learning theory that supports the  Apply aspects of relevant learning theory for
foundation of ~ SSGI learning model must describe each SSGI syntax with the learning
the model its implementation in the components  objectives to be achieved.
of the SSGI learning model

2 Model syntax Find SSGI syntax distinctions that are  Create a logical syntax to develop structured

compatible with STEM contexts. argumentation skills to solve complex
problems.
3 Model It is necessary to study further the Using the internet network to gather relevant
supporting factors supporting the application of information in solving complex problems.
factors the SSGI learning model

SSGI syntax is reconstructed to facilitate the growth of argumentation skills in solving complex problems. The
SSGI syntax that has been developed is shown in Table 5.

Table 5. SSGI Learning Model Syntax

Syntax Description

Orientation Preparing students to learn, namely:
e Motivate activity and create interest.
e Arouse curiosity and make connections to prior knowledge.
o ldentify the objectives and criteria for successful learning.
Exploration  Students have the opportunity to make observations, experiment, collect, examine, and
analyze data or information, investigate relationships, and test hypotheses.
Reasoning Reasoning using structured argumentation scaffolding to build and develop concepts:
e Provide questions that force students to think critically and analytically.
e Directing students to relevant information.
e Lead students to appropriate connections and conclusions.
e Help students build an understanding of the concepts being studied.
Closure Learners validate the findings, reflect on what they have learned, and assess their

performance.
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Construct validity of the SSGI learning model based on the level of panelists' divergence on the indicators of
developing the SSGI learning model. The results of the panelist divergence analysis can be seen in Table 6.

Table 6. Results of Panelist Divergence Analysis on the SSGI Learning Model

Model Development Panelist Decision
No . DS IR R
Indicators 1 2 3 4 5 6 DS IR R
1 Clarity of model background 4 4 3 4 4 4 041 0 86% Div Div Reliable
2 Clarity of model goals 4 4 4 4 4 4 0 0 100% Div Div Reliable
3 Clarity of model benefits 3 4 4 4 4 4 041 0 86% Div Div Reliable
4 Clarity of model ontology 4 4 4 4 4 3 041 0 86% Div Div Reliable
5 Clarity of model epistemology 4 4 4 4 4 4 0 0 100% Div Div Reliable
6 Clarity of model axiology 4 4 3 3 4 4 052 075 86% Div Div Reliable
Clarity of model theoretical . . )
7 . 3 4 4 4 4 3 052 075 86% Div Div Reliable
basis
Completeness of model ) ) )
8 4 4 4 4 4 4 0 0 100% Div Div Reliable
components
9 Clarity of learning syntax 4 4 4 4 4 4 0 0 100% Div Div Reliable
10  Clarity of social system 3 4 3 3 4 4 055 1 86% Div Div Reliable
11  Clarity of reaction principle 4 4 3 4 4 4 041 0 86% Div Div Reliable
12 Clarity of support system 3 4 4 3 4 3 055 1 86% Div Div Reliable

Clarity of instructional and . . )
13 ] ] 3 4 4 4 3 4 052 075 86% Div Div Reliable
accompaniment impact

The result of the reliability test of the SSGI learning model obtained Cronbach's Alpha (a) = 0.82. Because the
calculated value of Cronbach's Alpha () is more than 0.6, the SSGI learning model is Excellent Reliability.

Results of Testing Effectiveness of the SSGI Learning Model

Table 6 summarizes the results of the pre-test and post-test descriptive statistical analysis of argumentation skills
to solve complex problems. The mean of the argumentation skills to solve complex problems in the post-test is
higher than that of the pre-test. The standard deviation of the argumentation skills in the pre-test is higher than in

the post-test.

Table 6. Descriptive Statistical of Argumentation Skills to Solve Complex Problems

Data Mean N Variance Std. Deviation Minimum Maximum
Post-Test 74.57 30 117.03 10.81 52.00 96.00
Pre-test 39.00 30 181.20 13.46 11.00 70.00

The analysis prerequisite test results in Table 7 show that the data is normally distributed and homogeneous. The

normality test of the data is indicated by the significance value of the Shapiro-Wilk test, both post-test and pre-
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test data more than 0.05, then the data is normally distributed. The homogeneity test of the data is indicated by
the F-test value showing the post-test data and pre-test data are homogeneous.

Table 7. Data Analysis Results in Argumentation Skills to Solve Complex Problems

Test Test type Sig. Decision
Normality Shapiro-Wilk  Post-test: 0.420 Normal
Pre-test: 0.354 Normal
Homogeneity Uji-F F carcutation (1,31) Homogeneous
< Frapie(2,/40)
Difference Uji-t 0.000 There is a difference
Effectiveness Effect size 0.78 Medium

Table 7 shows that the significance of the t-test is less than 0.05, so H, is rejected. In other words, there is a
significant difference in the mean of argumentation skills to solve complex problems before and after the
application of SSGI. This is reinforced by the results of the descriptive statistical test in Table 6 which shows that
the difference between the post-test and pre-test means is 35.5. The effect size coefficient value in table 7 is 0.78,
indicating that SSGI effectively improves students' argumentation skills abilities. The increase in students'
argumentation skills to solve complex problems was 7% in the high category, 57% in the medium category, and
36% in the low category.The results of the SSGI model syntactic relations test using PLS on the argumentation

skills to solve complex problems indicator are shown in Figure 1.

51
e $5GI Syntax Argumentation Skills Al
-0.348
52 ~
0767
0.800— 0.239 A2
53 < -
0.627
A3
54

[Note: S1 = Orientation, S1 = Exploration, S3 = Reasoning, S4 = Closure, Al = Claim, A2 = Evidence, and
A3 = Reasoning.]

Figure 1. The Relationship between the Syntax of the SSGI Model and the Indicator of Argumentation Skills to

Solve Complex Problems

Figure 1 shows that the SSGI syntax that has the greatest contribution to growing argumentation skills to solve
complex problems is the reasoning syntax with a correlation coefficient of 0.899. Exploratory syntax has a
contribution of 0.767 with a high category as well, closure syntax gives a moderate contribution of 0.627, and
syntax that contributes the least is orientation syntax of -0.348. All indicators of argumentation skills to solve

complex problems have a very high increase because their factor loading value is above 0.7.
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Discussion

The orientation syntax is carried out to stimulate students' interest and curiosity related to the problem at hand. In
this phase, learning topics are introduced by educators or defined by students (Scanlon et al., 2011). In this phase,
educators prepare students to solve problems by providing problem-solving instructions, identifying the main
variables, and directing students to prepare relevant basic concepts for solving problems. The result of this phase

is the emergence of problem questions and hypotheses.

The questions asked can lead students to make an observation or investigation. Questions about natural
phenomena, the application of concepts learned in science and technology, and social conditions need to be
developed in the orientation process to generate curiosity and motivate students. Orientation questions should be
started with brainstorming to map the concept from the basic concept to the application of the concept in solving
a problem. Being challenged by students with the concepts being studied is very useful for creating appropriate
technology or problem-solving in everyday life, making students more enthusiastic about learning the material
being studied.

The exploration syntax is carried out by guiding students to collect information from relevant sources and carry
out investigations to find relationships between the variables involved. In this phase, students can conduct
experiments, collect data, and investigate relationships between variables. The goal of the exploration syntax is

to strengthen students' foundational conceptual understanding.

Data in the exploration process can be obtained in the form of real data and virtual data. Real data is obtained by
directly observing the object in an experimental design or in the field. Real data can be observed when we study
concepts that can be observed concretely. For microscopic data and abstract concepts, it is not possible to observe
directly with the five senses in nature, so modeling or simulation is needed. Modeling, for example, observing
modeling drawings of atomic theory while simulations, for example observing the movement of electrons using
PhET.

Exploration activities in addition to obtaining data can also be carried out to obtain information from a reading.
To get information in reading effectively and efficiently, students need to be trained to do skimming and scanning
in reading literature. Initial information about something that is being studied is very important for students as a
provision for brainstorming in designing solutions to a problem assigned to learning activities. This initial

information serves as a schema for adapting information or data to be studied later.

Reasoning syntax is the phase where the synthesis of new knowledge from research has been done (de Jong,
2006). The reasonings to make meaning from the data collected. In this phase, students discuss questions or
research hypotheses and consider whether the problem formulation is answered with sufficient and appropriate
evidence (Scanlon et al., 2011). The results of this phase are concept building and concept development by
directing students to use relevant information and guiding students to make appropriate conceptual connections

and conclusions. The reasoning syntax orientation is to develop basic concepts that have been built on exploratory
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syntax in the STEM context, in this case, the context of endoscopy. Students are trained to argue to solve complex

problems which are the application of the basic science concepts they have learned.

The ability to process information/data through reasoning and rational thinking is an important competency that
must be possessed by students. Data or information obtained from exploration activities must be processed to find
the linkage of one piece of information with other information, find patterns of interrelationships from the

information, and draw conclusions from the patterns found.

Processing information requires the ability of logic or reasoning. Reasoning is a special mental activity in making
inferences. The inference is drawing conclusions based on opinions (premises), data, facts, or information.
Processing of information based on the scientific method through empirical reasoning based on inductive and
deductive logic. Inductive reasoning uses specific evidence such as facts, data, information, and opinions from
experts as a reference for making a conclusion. Inductive reasoning can use generalizations, analogies, causal
relationships, and reasoning based on characteristics or signs. Deductive reasoning is reasoning that uses advanced
logic based on general observations (major premise) to specific observations (minor premise) that lead to specific

conclusions.

Efforts to train students to reason can be done by asking them to analyze the data they have obtained so that they
find relationships between variables, explain data based on existing theories, test hypotheses that have been
proposed, and make conclusions, develop concepts that have been learned in new contexts, relating to the

application of the concept being studied.

The closure syntax is the process of presenting problem-solving products to others to get feedback from them.
Feedback is used as material for reflection to assess what they have produced. Through reflection activities, the
success of the learning process can be increased (Moon, 2013; Chang, 2019). To optimize the achievement of
instructional impact and the impact of accompaniment learning, learning activities in the SSGI learning model are
designed by taking into account Vygotsky’s theory (1997) concerning the zone of proximal development of
students through the application of structured argumentation scaffolding techniques. Associating learned concepts
with the context of more complex problems in the SSGI learning model refers to meaningful learning theory,
which is a process of associating new information with relevant concepts contained in a person's cognitive
structure. Information and ideas previously obtained can be incorporated into cognitive structures and generate
meaning (Ausubel, 1965). The independence of students in constructing concepts and solving complex problems
in the SSGI learning model refers to the andragogical learning theory initiated by Knowles (1977) which states

that learning should help students increase independence in learning.

There is a significant difference in the mean of argumentation skills to solve complex problems before and after
the application of SSGI. The average argumentation skills to solve complex problems after the application of
SSGI (post-test scores) were higher than the pre-test scores. This shows that SSGI is effective in improving
students' argumentation skills to solve complex problems. The size of the impact of SSGI in improving

argumentation skills to solve complex problems in the medium category because the effect size value is 0.78. The
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results of this study are in line with the results of research by Podolefsky & Finkelstein (2007) which shows that
the model of analogical scaffolding posted substantially greater gains than students taught using a more

traditional-based tutorial.

The pre-service teachers' argumentation skills improved after learning with e-scaffolding in blended learning
(Amelia, 2020). The students’ argumentation skills ability significantly increased after they experienced blended
physics learning with e-scaffolding (Oktavianti et al., 2018). The scaffolding will help ensure that the children
have the knowledge and skills to be able to write their texts with confidence (Gibbons, 2002). Scaffolding can
support students’ efforts to address learning needs and refine their understanding as well as strengthen faulty
assumptions or incomplete understanding (Sharma & Hannafin, 2007). The scaffolding set helped students explain

the biochemistry aspects and context of Socio Scientific Issues (Erman, et al., 2022).

The scaffolding on SSGI learning model refers to VVygotsky's theory, namely learning that occurs when students
work or learn to complete tasks that have not yet been studied but these tasks are in the zone of proximal
development (ZPD) or development slightly above the student's current development. The essence of scaffolding
is to provide a large amount of assistance to students during the early stages of learning, then little by little the
assistance is reduced until the student can complete the tasks on his own. The assistance given to students can be
in the form of instructions, warnings, encouragement, explaining problems, providing examples, or other things

that enable students to learn independently.

The key characteristics of scaffolding consist of (1) Recruitment, namely recording student interest and
compliance with the requirements of the tasks given. (2) Reduction in degrees of freedom, namely simplifying
the task so that feedback can be used for correction. (3) Direction maintenance, (providing verbal encouragement
and correction) to keep students achieving certain goals. (4) Marking critical features, (confirming and checking)
emphasizing something and interpreting errors. (5) Frustration control, namely responding to emotions expressed

by students. (6) Demonstration, namely modelling the solution to a task.

The SSGI guides students to elaborate on the concept of total internal reflection and the context of endoscopic
technology as shown in Figure 2. Structured argumentation scaffolding in this case relates to the analysis of the
concept of total internal reflection in the context of endoscopic technology. The ability of students to answer
claims in the case is 79% of students who submit claims very accurately and 21% who submit claims incorrectly.
The ability of students to present evidence to support the claim in the case is 64% very accurately, 15% with
accuracy, and 21% with less accuracy. The ability of students to propose reasons to connect between claims and

evidence in case number 2 is 50% very accurately and 50% in a very precise way.

Instruction case number 2a aims to train the ability of students to submit their claims to the concept of signal
transmission in endoscopic technology. After understanding the concept of total internal reflection, students can
make claims that the concept used to transmit signals in endoscopic technology is the concept of total internal
reflection. An example of an answer to a claim against the concept of total internal reflection in endoscopic

technology is “the concept of total internal reflection.”
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Instruction case number 2b aims to train the student to show evidence of justification for the claims submitted in
question number 2a. The construction of endoscopic technology has a core refractive index value greater than the
cladding refractive index, allowing total internal reflection to occur in endoscopic technology. An example of an
answer to submit evidence to support the claim of the concept of total internal reflection in endoscopic technology

is "the endoscope contains a camera and a small light source as well as a porous fiber placed in a flexible bundle."”

Endoscopic technology is the application of fiber optics in medical science. The doctor can see the inside of

the patient's arteries through the camera. The results of the diagnosis are shown in the figure.

Mouth guard .
to prevent damage Monitos

from endoscope
Endoscope

Source: https://rsbedahsiaga.co.id

Light entered from the outer end of an optical fiber undergoes total internal reflection within the optical
fiber. When light reaches the inner end of the optical fiber, the interior of the artery is illuminated. Some of
the light reflected from the interior then returns out through a second optical fiber whose outer end is
equipped with a small camera. The signal captured by the second optical fiber is converted into an image
on the monitor screen.

a. What concepts are used as the basis for the working principle of the endoscope?

b. Show evidence in the form of facts/concepts/laws/principles to support your claim!

c. Explain the logical reasons that can link between the claims and the evidence you put forward!

Figure 2. Endoscopic Technology Context

Instruction case number 2¢ aims to train students’ ability to make logical reasoning of the relationship between
the claim and the evidence that has been submitted. By the occurrence of total internal reflection along the optical
fiber in endoscopy technology so that no light is refracted. Examples of students' reasons for linking claims and
evidence on the concept of total internal reflection and endoscopic technology are
“Doctors can see the inside of a patient's artery by running two fiber-optic beams through the chest wall
and into the artery. Light entered at the outer end of one beam undergoes repeated total internal
reflection within the fiber so that most of the light eventually exits from the other end and illuminates the
interior of the artery. Some of the light reflected from the interior then returns to the second bundle,

where it is detected and converted into an image on the monitor screen.”
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The social system of the guided inquiry learning model is centered on students, where educators act as guides,
facilitators, motivators, and mediators. The role of the educator is an activity that describes how educators treat
and respond to students (Effendi & Fatimah, 2019). Using the scaffolding and working within the student’s Zone
of Proximal can develop a structured adult intervention that increases the effectiveness of learning (Coltman et
al., 2002). Vygotsky is of the view that there is a need for other learning resources to make it easier for students
to learn according to the capacity of students which is given the term Zone of Proximal Development (ZPD) or
the closest development zone (Santrock, 2018. Assistance provided by educators can be in the form of instructions,
warnings, encouragement, and outlining problems in other forms that allow students to be independent in learning.
Yang and Wang's (2014) research showed that students in the teaching model for scaffolding better than students
in the comparison group. Learning using scaffolding has advantages, namely: (1) Scaffolding strategies to
facilitate ongoing articulation of ideas, findings, and interpretations; (2) Scaffolding strategies to support
explanation building and development of working hypotheses; and (3) Scaffolding strategies to facilitate

monitoring, reflection, and revision (Land & Zembal-Saul, 2003).

It is imperative that students acquire the ability to construct argumentation skills that encompass the elements of
cause and effect, evidence-based reasoning, and logical reasoning (NRC, 2008). Certain traits distinguish science
argumentation skills: (1) they are typically deeper, more methodical, and more accurate than explanations based
on common sense; and (2) they seek to comprehend phenomena by taking into account additional scientific facts
or developing novel theories to explain the behavior of newly discovered phenomena (Osborne & Patterson,
2011). Students need scaffolding, while teachers need scaffolding set to aid their students in science teaching and
learning to scientifically explain (Erman, et al., 2022). To empower students' ability to explain scientifically,
educators must strive to empower critical thinking skills to explain science through the habituation of science
questions (Sidiq, et al., 2021). Educators need to improve professionalism in guiding students in improving
argumentation skills by mastering Pedagogical Content Knowledge (Anif and Zain, 2015; Agustina, 2015). In
addition, the success of increasing argumentation skills is also determined by the seriousness and motivation of
students in carrying out scaffolding instructions given by educators. Students who are highly motivated get better

learning outcomes than students whose learning motivation is in the low category (Nurcahyanto, 2022).

Students' ability to solve complex problems through argumentation can be enhanced by the reasoning syntax of
SSGI. Students come to conclusions about conceptual or causal relationships through the process of self-
explanation (Bisra et al., 2018). Self-explanation aids in the organization of ideas into comprehensive knowledge,
makes it easier for students to comprehend ideas in their entirety, and teaches them how to retrieve knowledge
that has been committed to long-term memory (Tekeng, 2015). The ability to solve physics problems well will
depend on one's ability to argue persuasively (Badeau, et al., 2017). The results of research by Weng, Lin, & She
(2017) show that both the online learning process and scientific argumentation assessment results indicated that
the continuous scaffolding group performed significantly better in terms of the quality and quantity of
argumentation than the withdraw scaffolding group about the hypothetical biology concepts. The web-based
reflective scaffolding supported students in providing valid evidence in support of their explanations (Kyza,
Constantinou, & Spanoudis, 2011).
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Understanding concepts and logical reasoning abilities using argumentation skills will affect the ability to solve
more complex physics problems. Problem-solving abilities involve complex cognitive activities to obtain
information and organize it in the form of knowledge structures. Before students obtain and organize information,
they can be started by exploring the sources of knowledge of students. Learning models for understanding and
applying concepts in solving physics problems need to empower finding sources of information, practice
categorizing questions, be self-explanatory, and compare analogies using work examples (Sujarwanto, 2019). The
syntax of SSGI also improves self-awareness and empathy skills in solving complex problem processes. The
impact of accompanying learning includes communication, self-awareness, empathy skills, and feedback

proficiency (Le et al., 2024).

Conclusion

The study's conclusions show that the SSGI develops and strengthens students' ability to argue their way through
challenging situations. The reasoning syntax in SSGI is the one that most helps with developing argumentation
abilities to tackle challenging problems. Syntax exploration, closure, and orientation follow next. Students' ability
to solve complex problems through argumentation increased by 7% in the high category, 57% in the medium
category, and 36% in the low category. The effect size coefficient of the SSGI is 0.78 in the medium category.
SSGI can foster argumentation skills to solve complex problems because the SSGI syntax is constructed based on
a learning theory base linking what concepts have been learned with the STEM context, helping students to learn

to be more independent in solving complex problems.
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