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E-Scaffolding helps students understand the concept of Newton’s law which guides and directs them to

Problem-solving Skills find solutions to a problem.

Inquiry Learning
Newton Law

INTRODUCTION

Problem-solving skills are essential to all scientific areas (Docktor et al., 2015). As a scientific field, physics demands students to
possess problem-solving skills. As stated by (Hegde, 2012; Rampho et al., 2018), an important objective of learning physics is to ensure
that students can effectively absorb the content and apply their knowledge to assess the most recent physics problems; one approach
to achieve this is by teaching students’ problem-solving abilities. According to (Docktor & Mestre, 2014), one of the primary goals of
learning physics is to enable students grasp the fundamental ideas of physics in sufficient depth to be able to use them when solving
issues.

The ability to solve problems is one of the fundamental talents that must be taught to children. Problem-solving abilities aid in the
development of self-worth and foster a strong feeling of community among students. Problem-solving ability is a logical and
methodical intellectual process that assists individuals in identifying and selecting the optimal answer for a given set of circumstances
(Ahghar, 2012). A person with problem-solving skills is able to think logically, analytically, and creatively (Seyhan, 2015, Syafii & Yasin,
2017; Syukti et al., 2018).

Students' problem-solving skills will be diminished if they continue to struggle with concept comprehension. The ability to solve
difficulties after discovering the underlying concept is one of the traits of a skilled problem solver (S. Lin & Singh, 2011). After
identifying the underlying concept, students can use their grasp of the concept to solve issues (Docktor et al., 2016).

The study's findings (Trowbtidge & McDermott, 1981) revealed that pupils still struggled to comprehend acceleration and force
in one-dimensional motion and beyond (Reif et al., 2009). According to (Reiner, 2000), students continue to make errors in their
comprehension of Newton's third law about the concept of action-reaction force because they do not fully comprehend object
interactions. Students typically grasp in physics courses (Hestenes et al.,, 1992) that an item travelling at a constant speed exerts a
resultant force in that direction. Students believe that the force exerted on an object must remain with the thing; otherwise, the object
cannot move.

Students' problems with Newton's law topic can be resolved by utilizing the inquiry learning methodology, which is consistent
with the topic's qualities. The teacher gives phenomena or problems that ditect students to create problem formulations, condition
students to determine and control variables, conduct experiments, assess experimental data, and identify variables to be further
examined (Wenning et al., 2011). Students are able to construct their own understanding of their relationships with the environment,
with other individuals, and with the phenomena they observe when the inquiry learning approach is implemented (Ku, 2014).

Utilizing scaffolding is one technique to maximize inquiry learning thus students can apply the underlying concepts to problem-
solving. Scaffolding is a strategy including the provision of aid to overcome obstacles in the learning process and the development of
necessary skills (T. Lin et al., 2012). Beginning with substantial scaffolding help, it is gradually reduced as students learn to become
competent science actors (Eslinger et al., 2008). The purpose of scaffolding in learning is to support the task by directing, training, and
modeling the learning process; assisting students in planning, predicting, and evaluating assignments; and adjusting the level of
complexity of student tasks.
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Because one-to-one scaffolding is the best type of scaffolding, one-to-one scaffolding is used to provide scaffolding (Belland &
Evidence, 2017). However, the implementation of one-to-one scaffolding ran into hurdles, particulatly teachers' inability to
communicate with each student. Consequently, the provision of scaffolding is suboptimal. So, employing alternate computer-based
scaffolding in which scaffolding is delivered via a website page that students may visit from anywhere, and scaffolding can be provided
individually.

Utilizing a well-designed website can improve students' science motivation and comprehension (Mistler-Jackson & Songer, 2000).
According to the findings of another study, online debates can increase students' critical thinking and higher order thinking skills
(Pisutova-gerber & Malovicova, 2009). According to (Macgregor & Lou, 2004), the scaffolding and web design he created facilitated
the acquisition of student information.

To ascertain students' physics proficiency, several eatlier research on scaffolding and inquiry learning were carried out. Andrini,
(2010) asserts that because students are taught to be fearless in their attempts to share their opinions and knowledge, inquiry learning
might enhance students' problem-solving skills. According to research by Richardson, (2008), learning scaffolding improved the
reasoning skills of American high school students. The utilization of integrated learning with e-scaffolding improves students' capacity
for scientific explanation (Oktaviant et al., 2018). Also, according to study Koes-h et al., (2019), students' problem-solving skills
improve as a result of hybrid learning with e-scaffolding.

Although previous studies have looked into inquiry learning, procedural scaffolding, conceptual scaffolding, and e-scaffolding, no
research has looked into the effects of combining inquiry learning, procedural scaffolding, conceptual scaffolding, and e-scaffolding
on students' problem-solving abilities when it comes to Newton's law material. This study's conceptual-procedural scaffolding is
available on a website. For example, there is a concept map display relating to Newton's law material and answer possibilities that
influence the maturity of students' concepts for conceptual scaffolding. Instructions or a set of steps presented to students in detail to
address a problem (Macgregor & Lou, 2004) and Vee diagrams are examples of procedural scaffolding. Materials, simulations,
animations, experiments, phenomena, applications, example questions, practice questions, and questions regarding Newton's law are
also available on the website. The use of conceptual and procedural e-scaffolding concepts to inquiry learning is supposed to train and
develop students' problem-solving abilities, allowing learning objectives to be met. A qualitative investigation of student learning
behavior, the development of students' mindsets, and the impact of changing students' attitudes on their capacity to solve issues was
also undertaken in this study.

METHOD

This study employed a combination of quantitative and qualitative methods (mixed methods). The design used in this quantitative
study was a quasi-experimental type of non-equivalent control group design. The subjects were selected using cluster random sampling
technique. It enrolled 71 students of class X IPA SMA Negeri 5 Malang. The experimental group consisted of 35 students, while the
control group consisted of 36 students. In the control group, learning was carried out as is usually done where the teacher gave an
explanation of the lesson directly to students, as well as simple demonstration activities shown by the teacher with the help of students.
In the experimental group, learning was carried out using conceptual-procedural e-scaffolding in inquiry learning with the same learning
time span as the control group. The experimental group's learning began with an online quiz that results in a concept map feedback,
which is a type of conceptual e-scaffolding. The students then moved on to the observation stage, when they were provided with
phenomena, before moving on to the manipulation stage, where they were asked to devise techniques to explain the phenomena.
Students collected data, conducted discussions, and gave presentations during the generalization and verification step. When they run
into problems, they used the online student worksheet to get procedural e-scaffolding assistance. The application step was the final
level, in which students were given practice questions on a website page. Students were provided conceptual e-scaffolding in the form
of guided questions and answer options to assist them solve problems when working on this problem-solving capacity.

Several devices were used to gather quantitative and qualitative data. Using two types of testing, namely initial ability tests and
problem solving tests, quantitative data was collected. ANCOVA technique was used to assess quantitative data, after normality,
homogeneity, and linearity were examined. Interview guidelines and think aloud were used to collect qualitative data. Subjects for
qualitative research were selected using a technique called purposive sampling, which comprised of five experimental group students
with the highest problem-solving ability test score.

Students' problem-solving skills ate evaluated based on five stages of problem-solving: 1) informative desctiptions, 2) physics
approach, 3) particular application of physics, 4) mathematical techniques, and 5) advancement in logical reasoning. The following
table provides a full description of each stage.

Table 1. Problem Solving Stages
Problem Solving Stages Explanation

Useful Description
Assessing students' ability to organize information from a given problem into an appropriate
representation (summarizing important information symbolically, visually, or in writing)
Assessing students' ability to choose the right concepts and principles of physics to solve problems
Physics Approach
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Specific Application of Assessing students' ability to apply concepts and principles of physics to the specific conditions of
Physics the given problem
Assessing students' ability to execute the main solution by using appropriate mathematical procedures
Mathematical Procedure and following the rules of math work for students solve the given problem
Logical Progression Assessing students' ability to communicate
students' reasoning abilities, stay focused on goals, and ate able to evaluate the resulting solutions
consistently

Adapted from Docktor, (2009)

Furthermore, students' problem-solving skills are categorized into two, namely expert and novice. A complete explanation of
the criteria for categorizing problem-solving skills can be seen in Table 2.

Table 2. Expert-Novice Summary

Expert Problem Solving Novice Problem Solving
Categorizing problems based on physics principles (deep categorization — Categorizing problems based on objects and features (the
structure) categorization structure is still on the surface)
Having knowledge of physical principles that are stored as schematics that Not able to connect their physics knowledge with procedures to
include procedures and conditions for them to apply them apply it (does not have the ability to connect or are able to connect
but are weak)
Writing a brief detailed qualitative analysis (or basic description) of a Started solving problems by writing mathematical equations
problem before writing the equation
Having a strategy to monitor progress when solving problems and Frequently encounter an obstacle when solving problems
evaluating answers
Able to generalize key features and methods to generate solutions to Having difficulty in abstracting similar problems
problems
Adapted from Docktor, (2009)
RESULTS

Quantitative Data
The problem-solving skills of the students in the two groups varied. Students that utilize conceptual-procedural e-scaffolding have
an average problem-solving skill of 62.11, with a standard deviation of 9. In contrast, the mean score for students in the control group
who followed the typical educational paradigm was 47.15 with a standard deviation of 12.03. These results imply that the experimental
group's problem-solving skill is superior to that of the control group. Table 3 provides an overview of the outcomes of the first ability
test and problem solving for both groups.

Table 3. Summary of Initial Ability Test Results and Problem Solving

Data Group Variable -
Total of students Average Standard Deviation
Initial test Experimental 35 40.53 11.36
Control 36 33.64 8.37
Problem Solving test Experimental 35 62.11 9.94
Control 36 47.15 12.03

Figure 1 below displays the outcomes of the problem-solving skills test at each level of the problem-solving stage.
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Figure 1. The difference in the score of each stage and the average problem-solving ability of experimental and control
class students

Before examining the difference in problem-solving ability between the experimental and control groups, a normality and
homogeneity test demonstrated that the data were normally distributed and homogeneous, respectively. The normality test results of
the initial ability test and the problem-solving ability test are summarized in Table 4, while the homogeneity test results of the initial
ability test and the problem-solving ability test are summarized in Table 5.

Table 4. Normality testing of initial test and problem-solving test
Saphiro-Wilk

Data Group Statistic df 54,
Initial test Experimental 958 35 196
Control .955 36 153
Problem solving test Experimental .988 35 .954
Control 945 36 .075

Table 5. Homogeneity testing of initial test and problem-solving test

Data Levene Statistic df; Df sig.
Initial test 3.158 1 69 .080
Problem solving test 321 1 69 .573

The average difference test of problem solving ability was carried out by ANCOVA. The summary of the results of the analysis
of covariance is in Table 6. below.

Table 6. Summary of ANCOVA test of both test

Source Type 11l Sum of Df  Mean Square F . Partial Eta
sig.
Squares Squared
Corrected Model 4141.3122 2 2070.656 16.991 .000 .333
Intercept 11720.855 1 11720.855 96.176 .000 .586
Model/ 3201.413 1 3201.413 26.269 .000 279
Intervention
Initial test score 98.339 1 98.339 .807 .372 .012
Error 8287.054 68 121.868
Total 225009.000 71 225009.000

Corrected Total 12019.887 70 12019.887
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Qualitative Data

To supplement the quantitative data, semi-structured interviews were conducted with five students from the experimental group
who were influenced by the treatment. In general, these five students felt that the information supplied aided their problem-solving
attempts. The inclusion of procedural e-scaffolding in the form of Vee diagrams, guiding questions, statements, suggestions, and other
learning tools on online worksheets aids them in doing experiments. In addition, conceptual questions and response choices a-b are
provided at each phase of problem solving to assist students in constructing concepts and solving issues. This support in the form of
conceptual questions and answer alternatives is known as conceptual e-scaffolding. Beginning with useful description indications,
physics approach, specialized application of physics, mathematical processes, and logical progression, this guidance is supplied.

The value produced from the outcomes of data analysis is insufficient to indicate the level of problem-solving skills possessed by
pupils; therefore, classification is required. The level of students' problem-solving ability is separated into two categories: expert and
beginner. Table 7 displays the results of the classification of students' problem-solving skills.

Table 7. Problem solving classification of both groups

Group Level Total of students Percentage
Experimental Expert 10 28.57 %
Novice 25 71.42 %
Control Expert 1 277 %
Novice 35 97.22 %
DISCUSSION

PROBLEM SOLVING

Table 7 demonstrates that the experimental group possesses a higher level of problem-solving skill than the control group. However,
the majority of students in the experimental group were at the novice or beginner level of problem-solving, whereas only one student
in the control group achieved the expert or reliable level. According to research (Handono et al., 2020), the majority of students fall
into the category of novices, while only a small percentage fall into the category of experts. The findings of this study are consistent
with these findings. This level discrepancy is possible for numerous reasons, one of which is that students do not comprehend the
underlying physics concept.

Achievement of Problem Solving Ability Stages

The lowest level of problem-solving accomplishment in this study is logical progression, whereas the highest level is meaningful
description. This demonstrates that the majority of pupils are just able to identify the problem and cannot apply logical reasoning to
it. According to research (Handono et al., 2020), there are four types of novices: those who can only represent problems; those who
can represent problems and choose the appropriate concept; those who can represent problems, choose appropriate concepts, and
connect objects, concepts with physical principles; and those who cannot represent problems, cannot choose appropriate concepts,
and cannot connect objects, concepts with physical principles.

The mathematical approach was learned by both the experimental and control groups with the identical profile. The stages in which
the control and experimental groups differ significantly are the helpful description, physics approach, specific application of physics,
and logical advancement. At the stage of physics approach and specific application of physics, the profile of the experimental group is
higher than that of the control group. This is consistent with the statement (Heyworth, 1999) that students who have a strong grasp
of concepts and make no procedural errors are dependable problem solvers or experts.

Differences in Problem Solving Ability

Table 3 demonstrates that the problem-solving abilities of the experimental group were considerably different from those of the
control group. The experimental group was able to apply previously learned principles when addressing issues. Consequently, it is
evident that conceptual-procedural e-scaffolding in inquiry learning might enhance students' problem-solving skills. The findings of
this study are confirmed by research (Yu, 2013) indicating that online procedural scaffolding has a good impact on students. Students
are assisted in conducting experiments through the use of e-scaffolding in the form of online worksheets. The supply of the initial
conceptual e-scaffolding in the form of a concept map following a pre-learning quiz was able to aid students in mapping their mindsets
and in the process of interpreting experimental outcomes. Students can also use this concept map to solve problems, particularly
during the second problem-solving step, the physics method. The supplied concept map enables students to comprehend the link
between factors related to the subject matter being taught. This claim is reinforced by (Donnell et al., 2002), which demonstrates that
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concept maps enable students to remember and comprehend concepts better than reading textbooks alone, and assist students with
inadequate verbal skills or knowledge in recalling previously learned concepts.

While the second style of conceptual e-scaffolding consists of providing questions and answer options a-b at each problem-solving
stage. Students are given a choice of solutions, one of which demonstrates the proper notion; with this assistance, they are able to
exercise their abilities to the utmost extent. Similarly, (KKoes-h et al., 2019) shown that the presence of e-scaffolding in hybrid learning
improved students' problem-solving skills. According to Ratnasati (2019), scaffolding-based learning enhanced students' scientific
reasoning skills.

The inquiry learning paradigm stresses an exploration process that is effective for gathering evidence and explanations regarding
scientific phenomena (Khalaf et al., 2018) and for helping students to think rationally, critically, and methodically. Therefore,
conceptual-procedural e-scaffolding in inquiry learning can affect problem-solving abilities due to procedural e-scaffolding in the form
of Vee diagrams and prompts on the website, which can help students collect information about material concepts in order to complete
tasks or solve problems that arise. offered by examining the notion of the underlying material and providing a sound scientific
explanation. The value of students who use procedural scaffolding is higher than that of students who do not utilize procedural
scaffolding, according to research published by Yu (2013). In the meanwhile, e-scaffolding consists of concept maps and questions
with a-b answer options. Conceptual scaffolding can assist students in narrowing, selecting, and comprehending found material
(Belland & Evidence, 2017). Even conceptual scaffolding in problem-based experiments can help students retain and comprehend
more concepts from the experiments performed and provide more creative and focused final presentations (Macgregor & Lou, 2004).

According to the findings (Richardson, 2008), scaffolding helps improve the scientific argumentation skills of American high school
pupils. According to Hsu et al. (2014), scaffolding facilitates the investigation and development of a concept's understanding. Similarly,
inquiry-based learning activities begin with observation, manipulation, verification, generalization, and application, particularly in the
application step. At this stage, students are presented with a variety of online problem-solving questions. Providing practice questions
include introducing questions, answer options, and providing feedback. According to the findings of the study (Lindstrm & Sharma,
2009), the provision of scaffolding had a positive effect on the problem-solving skills of students compared to students who did not
receive scaffolding. According to (Macgregor & Lou, 2004), the scaffolding and website he created supported the development of
student information. E-scaffolding is also capable of enhancing pupils' scientific explaining abilities (Oktavianti et al., 2018).

CONCLUSION

In each level of the inquiry learning model, beginning with observation, manipulation, verification, and generalization, conceptual-
procedural e-scaffolding is introduced. The given conceptual-procedural e-scaffolding can aid pupils in practicing their problem-
solving abilities. Alternating conceptual-procedural e-scaffolding is offered. The first instance was conceptual e-scaffolding in the form
of a concept map as a return activity when students completed the quiz prior to the session. Then, the provision of procedural e-
scaffolding for students to practice with LKS in the form of Vee diagrams and prompts. Problem-solving abilities are mostly trained
during the application phase, where students are provided with questions and answer options to help train their problem-solving skills.
On each indicator of students' problem-solving abilities, valuable problem-solving ability problems and answers ate provided for pupils.
The supply of conceptual-procedural e-scaffolding has a positive effect on the experimental group's problem-solving abilities.
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