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ARTICLE INFO ABSTRACT

Article History: This comprehensive investigation delves into the impact of integrating e-scaffolding
Received  05/04/2023 prompting questions into online inquiry learning on students' problem-solving skills (PSS).
Revised  31/05/2023 With an explanatory design and a mixed-methods approach, the study focuses on XI-MIPA
Approved 22/06/2023 class students at MAN 1 Kediri City during the academic year 2022-2023. Utilizing
Published  24/06/2023 meticulously crafted learning instruments, five problem-solving skills questions, and precise

interview guidelines, the research employs triangulation through pre-tests, post-tests, and in-
depth interviews. Quantitative data undergoes rigorous scrutiny via Analysis of Covariance

Keywords: (ANCOVA). The primary objective is to unveil the discernible influence of online inquiry
E-scaffolding prompting question learning complemented by e-scaffolding on the nuanced domain of PSS. Employing quasi-
Problem-solving skills experimental methodologies, the study systematically compares a class engaged in
Online inquiry learning model conventional direct learning with one immersed in the intricacies of online inquiry learning.
Work energy ANCOVA results decisively highlight a statistically significant disparity in PSS, with the

online inquiry learning cohort consistently outperforming the control group. The granular
analysis extends to specific problem-solving processes, delineating stages like problem
identification, physics-rooted strategic planning, application of problem-solving strategies,
mathematical procedures, and critical evaluation. The experimental cohort consistently
surpasses the control group across these facets, affirming the pronounced efficacy of online
inquiry learning enhanced by e-scaffolding. Qualitative insights from meticulously structured
interviews corroborate quantitative findings, revealing a methodical and structured problem-
solving approach within the experimental group. A discernable emphasis on conceptual
reasoning emerges, reflective of a profound understanding nurtured by the synergistic
amalgamation of online inquiry learning and e-scaffolding. The study conclusively advocates
for the widespread implementation of this pedagogical framework as a transformative tool
to enhance PSS across diverse physics topics. The implications extend to providing a robust
foundation for future scholatly investigations, fortified by empirical evidence supporting the
affirmative impact of online inquiry learning with e-scaffolding on students' problem-solving
skills in physics education.

How to Cite: Nafisah, A. W. L., Handayanto, S. K., Sunaryono, & C. Yuenyong. (2023). Exploring the influence of online inquiry
learning with e-scaffolding prompting question on problem-solving skills in the work energy topic for islamic senior high school
students. Jurnal Pendidikan Sains, 11(2), 45-55. https://doi.org/10.17977 /jps.v11i22023p045

INTRODUCTION

The evolution of education within the context of the fourth industrial revolution mandates that students cultivate proficient
problem-solving skills (PSS). This aptitude holds paramount significance in the context of diverse learning activities and has been
integrated into the physics learning curriculum across vatrious educational tiers (Estuhono, 2022; Novitra et al., 2021; Wang, 2018).
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The process of problem-solving serves as a facilitator for students engaged in physics learning, aiding comprehension of intricate
physics concepts (Jua et al., 2018). Pospiech (2019) asserts that problem-solving stands as a primary instrument in fosteting students'
comprehension of physics. It encompasses a cognitive process aimed at deriving solutions through methodical approaches (Sutarno
et al, 2021). The resolution of problems entails three fundamental dimensions: the procedural steps undertaken, the strategic
framework guiding the entire process, and the proficiency in PSS (Milbourne & Wiebe, 2018).

The imperative to cultivate PSS arises from its inherent connection to students' cognitive processes and their ability to discern
solutions to various challenges (Estuhono, 2022; Lund, 2019; Novitra et al., 2021). Despite this necessity, a considerable number of
students continue to encounter difficulties in problem-solving, reflecting a suboptimal proficiency in PSS (Rahmatina et al., 2018). The
analysis of several physics topics, including work energy (Afiat et al., 2020; Rahmatina et al., 2018; Wati et al., 2021), harmonic motion
(Fitroh et al., 2020), static fluid (Nadhini et al., 2017), vibration and waves (A. T. Astuti et al., 2020), momentum and impulse (Eveline
etal., 2019), and patticle dynamics (Saman et al., 2018), reveals a prevalent low proficiency in students' knowledge of physics concepts
(KPC). The etiology of this deficiency in students' PSS within the realm of physics is influenced by various factors, including the non-
cohesive nature of students' problem-solving approaches (Afiat et al., 2020; Amanah et al., 2017), the intrinsic complexity of the skill,
and the pedagogical competence of educators in imparting PSS within the context of their subject matter (Alfathy et al., 2018).

Furthermore, students often exhibit a tendency to directly employ mathematical equations without a preliminary identification and
comprehension of the underlying conceptual framework (Ding et al., 2011; Gunawan et al., 2018; Saman et al., 2018). This practice
leads to the inappropriate application of physics concepts due to a lack of foundational problem identification. Conversely, educators
frequently prioritize the direct dissemination of subject matter, thereby limiting students' opportunities to engage in exploratory
problem-solving processes through diverse learning activities (Fitroh et al., 2020; Gunawan et al., 2020).

Numerous endeavors have been undertaken to enhance PSS, rendering it a focal point of research in the 21st century (Bao &
Koenig, 2019). Within the purview of physics education, several studies have delved into strategies aimed at ameliorating competence
in physics problem-solving (Mazorodze & Reiss, 2019). Saman et al. (2018) stated that the problem presented is still not contextual
with the students' initial knowledge and learning activities are limited to minds-on among students in solving problems and there is no
hands-on activity so that solution of the problem are less precise. Indriyani et al. (2018) implemented modeling instruction as a means
to cultivate students' PSS. Wartono et al. (2019) employed inquiry-discovery learning with web-assisted empirical-theoretical review to
bolster students' PSS. Amanah et al. (2017) utilized a generative learning model supported by scaffolding and advanced organizers to
enhance students' PSS. These concerted efforts underscore the multifaceted approaches being explored to elevate PSS levels among
students.

Inquiry online IO) serves as a valuable resource for students engaging in inquiry and problem-solving activities aligned with the
exigencies of the 21st century, providing ubiquitous access for students regardless of time or location (Korkman & Metin, 2021;
Sotiriou et al., 2020; Streich & Mayer, 2020). In this contemporary educational landscape, students are adept at acquiring knowledge
and honing problem-solving skills through processes of discovery and investigation. Inquiry learning becomes particularly pertinent
when educators aspire to instill in students the practice of systematic problem-solving. This iterative inquiry process empowers students
to actively construct new knowledge through thoughtful reflection and practical application (Kariawan et al.,, 2015; Song, 2018).
However, a noteworthy concern emerges regarding the perceived limitations of students, particularly those classified as low achievers
lacking requisite prior knowledge, in successfully undertaking inquiry activities (Tavares et al., 2021).

The utility of inquiry-based learning extends beyond mere pedagogical practice, it also serves as a compelling case study to address
the learning challenges faced by students who may grapple with confusion during the learning process (Gaffney, 2013; Suhandi et al.,
2018). Ronnebeck et al. (20106) elucidate the dual dimensions inherent in the concept of inquiry, encompassing students actively
engaging in inquity activities and the requisite level of guidance provided. This delineation proves essential as students, in their nascent
stages of learning to emulate scientific methodologies, may not possess the inherent ability to spontaneously coordinate steps toward
achieving anticipated learning objectives (Gregorcic et al., 2017; Streich & Mayer, 2020).

An effective approach to facilitate inquiry learning involves the judicious integration of learning technologies through online
platforms, which not only aids students in grasping instructional content but also supports problem-solving endeavors while fostering
the development of independent learning skills (Korkman & Metin, 2021; Mamun et al., 2020). Despite the potential of information
and communication technology (ICT)-assisted inquiry learning models, their current implementation has not fully optimized the
enhancement of students' PSS. E-scaffolding emerges as a strategic solution to address this limitation by mitigating challenges in the
learning process and elevating student proficiency.

Saman et al. (2018) posit that procedural e-scaffolding, in particulat, exhibits promise in enhancing students' problem-solving skills.
Additionally, Koes-H et al. (2019) advocate for a hybrid approach, asserting that the combination of two scaffolding types proves
beneficial for students with limited knowledge, contributing to both improved conceptual understanding and heightened PSS.
Scaffolding, as delineated in the research by Brauer et al. (2019), Raes et al. (2012), and Suwastini et al. (2021), entails a collaborative
learning strategy whetein students, supported by guidance, engage in group exploration, discussion, and critical analysis of each othet's
thoughts. This collaborative process serves to enhance the overall quality and intensity of learning experiences.

Previous investigations into the application of e-scaffolding to enhance students' PSS have yielded affirmative results. Nurhayati
et al. (2016) conducted research demonstrating the successful improvement of students' mathematical PSS through the strategic
deployment of scaffolding. Similarly, Saputri and Wilujeng (2017) provided empirical evidence supporting the efficacy of e-scaffolding
in enhancing students' overall problem-solving proficiency. Further corroborated these findings by Mudhofir et al. (2022), students
PSS can be achieved through the application of the right steps. These steps are effective selections of models, strategies, media, and
instruments. Learning models that can be applied include PBL, PIL, Inquiry, IBMR, PO2E2W, Discovery Learning, PjBL, Virtual
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Laboratory, CPSL, and CTL learning models. Learning strategies can be peer instruction, scaffolding, Heller, Keith and Enderson
strategies, knowledge planning strategies, Rosengrant strategies, and visualization of the imaginary world. Various supporting media
can be in theform of computing media, the development of teaching materials, mobile applications, and games.

In the domain of physics education, Mardiani et al. (2018) employed inquiry-based student worksheets incorporating scaffolding
prompting questions, resulting in improved physics learning outcomes for students. Mahtari et al. (2020) also adopted a pedagogical
approach involving student worksheets coupled with PhET simulations and scaffolding prompting questions, leading to observable
enhancements in students' physics learning outcomes. These collective research endeavors underscore the utility and versatility of e-
scaffolding as a pedagogical tool in diverse educational contexts, consistently proving instrumental in augmenting students' problem-
solving acumen.

The training and assessment of PSS pertaining to the material on work and energy assume critical significance, given the
documented challenges that students encounter in comprehending this particular physics concept. work and energy, as elucidated by
Barniol and Zavala (2014), constitute a domain emphasizing the mastery of intricate concepts. The concept of work underscores a
nuanced understanding of the interplay between force, displacement, and energy, as expounded by Serway and Jewett (2014). Several
studies have identified notable difficulties faced by students in grappling with work and energy material. Challenges include interpreting
the sign or direction of work, discerning positive, negative, or zero work, and determining the work exerted by specific force
components (Barniol & Zavala, 2014; Kim & Pak, 2002).

Furthermore, students often encounter hurdles in grasping the abstract nature of energy as a conceptual entity (Bezen et al., 2016;
Dalaklioglu et al., 2015). Research by Jewett (2008), Lawson & McDermott (1987), and Lindsey et al. (2009) has revealed additional
complexities, such as students struggling to correlate work with changes in energy within a system and articulating the intricate
relationship between work and kinetic energy. Despite the pivotal importance of the energy concept, it is noteworthy that its
introduction is frequently delayed, and the time allocated for learning this material is observed to be less than that for the acquisition
and memorization of formulas in kinematics material (Astuti et al., 2020; Indriyani et al., 2018; Zulfa et al., 2019).

The preceding discussion underscores the existing body of research that explores diverse online inquiry learning models
supplemented by e-scaffolding across various modalities. However, a notable gap persists in the literature concerning the investigation
of e-scaffolding prompting questions within the context of inquiry learning and its correlation with students' PSS in the realm of
physics education, especially when juxtaposed against the traditional approach of direct instruction learning. The unique contribution
of this research lies in its utilization of e-scaffolding prompting questions, implemented through a Google Form platform, during
online inquity learning—a methodology not extensively examined in prior studies.

As elucidated eatlier, while numerous studies have investigated the efficacy of inquiry learning models coupled with diverse
scaffolding approaches to enhance PSS, this research represents a departure by specifically focusing on online inquiry learning coupled
with e-scaffolding prompting questions. The implementation of these questions in a Google Form format is designed to enhance
accessibility, allowing students to easily access guidance when needed during the online inquiry learning process.

Therefore, the objective of this study is to analyze the impact of the online inquiry learning model, complemented by e-scaffolding
prompting questions, on the PSS of islamic senior high school students specifically within the context of work energy material—a
novel and understudied dimension in the current body of literature. By addressing this research gap, the study aims to contribute
valuable insights into the potential efficacy of this instructional approach and its implications for fostering enhanced problem-solving
skills in physics education.

METHOD

The research design employed in this study involves one independent variable, the online inquiry learning model with e-scaffolding
prompting question, and one dependent variable, namely student problem-solving skills (PSS). The study utilizes a mixed-methods
approach with an explanatory design (Creswell & Clark, 2018). The research begins with a pre-test administered prior to the treatment,
followed by the implementation of two distinct learning processes: online inquiry learning accompanied by e-scaffolding prompting
questions and direct instruction. The treatment culminates with a post-test assessing PSS, complemented by interviews to gather
qualitative insights.

Quantitative data are collected through a quasi-experimental design, specifically the nonequivalent control group design, wherein
the assignment of participants to experimental and control groups is not randomized (Gall et al., 2003). The nonequivalent control
group design is chosen to examine the impact of the treatment. Concurrently, the qualitative research design adopts a case study
approach to provide a comprehensive understanding of the treatment's effect.

The treatment involves the implementation of the online inquiry learning model with e-scaffolding prompting questions,
comprising five stages: problem identification, problem formulation, hypothesis formulation, data analysis, and conclusion drawing.
The e-scaffolding prompting questions position students as active researchers engaged in independent scientific investigation activities.
The process is facilitated through electronic student worksheets accompanied by scaffolding, fostering a supportive environment for
students in the discovery process.

Quantitative Data Follow h Qualitative Data
Collection and [e— olow up W b | Collection and > Interpretation
Analysis Analysis

Figure 1. Flowchart of research design (Cresswel & Clark, 2018).
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Table 1. Research design of the nonequivalent control group design.

Pre-test Intervention Post-test
Oy X4 O3
O2 X2 Oy

Table 2. Test results of problem-solving skills questions.

32;513’: . Val_‘d(;tfsg Reliability ~  Differentiating Power  Level of Difficulty
. table — YU,
1 feou = 0,481 (valid) DP = 0,41 (enough) LD = 0,651 (medium)
2 Feoun = 0,685 (valid) 0.7 DP = 0,58 (good) LD = 0,572 (medium)
3 Feount = 0,638 (valid) . 10 DP = 0,63 (good) LD = 0,616 (medium)
4 Feoun = 0,543 (valiq)  (high reliability) DP = 0,51 (g00d) LD = 0,627 (medium)
5 feoun = 0451 (valid) DP = 041 (enough) LD = 0,632 (medium)

The research design is visually represented in Figure 1 sourced from Cresswel and Clark (2018), illustrating the overall flow of the
study. Meanwhile, Table 1 represents the specific components of the quantitative research design. This study aims to contribute
valuable insights into the efficacy of the online inquity learning model with e-scaffolding prompting questions in enhancing students'
problem-solving skills in the context of physics education.

The study involves four observations: O is a pre-test on the experimental class group, Oz is a pre-test on the control class group,
Os is a post-test on problem-solving skills for the experimental class group, and Oy is a post-test on problem-solving skills for the
control class group. Additionally, there are two interventions: X; is online inquiry learning with e-scaffolding prompting questions for
the experimental class, while X3 is direct instruction learning for the control class.

The participants in this study were drawn from the XI MIPA class during the 2022/2023 academic year at MAN 1 Kota Kediri. A
putrposive sampling technique was employed to select two classes as research samples. The selection criteria were based on the impact
of the intervention, as evidenced by students' PSS test results. The learning intervention spanned nine sessions over the coutse of eight
weeks. Class XI MIPA 1 constituted the experimental group, comprising 32 students, while Class XI MIPA 2 served as the control
group with an equal number of participants.

The measurement instrument employed in this study consisted of knowledge of physics concepts (KPC) test questions
administered in two trials: a pre-test and a post-test. The assessment focused on students' responses to five problem-solving description
questions. The analysis of these responses centered around five problem-solving indicators, namely useful description (UD), physics
approach (PA), specific application of physics (SAP), mathematical procedures (MP), and logical progression (LP). These indicators
were developed based on the framework proposed by Docktor et al. (2016). The item testing results are presented in Table 2, providing
a comprehensive overview of the students' petformance on the KPC test questions actoss the specified problem-solving indicators.

To assess the impact of online inquiry learning accompanied by e-scaffolding prompting questions on PSS regarding the material
of work and energy, a quantitative data analysis approach was employed. The data, sourced from pre-test and post-test scores,
underwent preliminary analyses, specifically normality and homogeneity tests conducted on problem-solving ability values.

The normality and homogeneity tests were applied to ensure that the data met the assumptions necessary for subsequent statistical
analyses. These prerequisite tests focused on assessing the distributional normality and homogeneity of variances, respectively.

Following the prerequisite tests, a hypothesis test using the analysis of covariance (ANCOVA) was conducted. This differential test
aimed to examine the differences between two class groups: one exposed to online inquiry learning accompanied by e-scaffolding
prompting questions and the other engaged in direct learning. The ANCOVA test allows for the control of potential covariates,
enhancing the precision of the analysis. The calculations for these tests were executed using the SPSS 24 software for Windows. The
utilization of ANCOVA enables the identification of any significant differences in post-test scores between the two class groups while
controlling for pre-test scores as a covariate.

RESULTS

The statistical data description provided serves to scrutinize the alterations obsetved in students' problem-solving skills (PSS)
concerning the material on work and energy subsequent to the implementation of the online inquiry learning treatment accompanied
by e-scaffolding prompting questions. The PSS pre-test consists of five questions that encompass the content of work and energy.
The administration of the pre-test instrument took place prior to the commencement of the research, encompassing both the class
group engaged in online inquiry learning accompanied by e-scaffolding prompting questions and the group of students undergoing
direct instruction learning. The aim of the pre-test was to establish a baseline assessment of students' problem-solving skills before the
intervention, facilitating the subsequent analysis of any changes or improvements resulting from the learning treatment.
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Table 3. Statistical description of pre-test and post-test scores of experiment and control class group students.

. Pre-test Post-test
Variables ; :
Experiment Control Experiment Control
Number of students 32 32 32 32
Minimum 21 18 51 32
Maximum 62 81 94 68
Average 36.41 43.88 67.50 45.81
Standard deviation 10.19 14.40 10.62 9.12
100 89
82 g 8
80
63 67.5
55
60 44 45.8
40 § 33
24
20 8 %
. EEN % N =@ § D A\ D
Useful Physics Spesific Matematical Logical Average
Description Approach Application of ~ Procedures Procedure
Physics
4 Control Class @ Experiment Class

Figure 2. Process chart of problem-solving skills.

Before delving into the analysis of the pre-test scores, individual student scores were calculated by summing the scores of each
student. In the experimental class, comprising 32 students, the average pre-test score was 36.41 with a standard deviation of 10.19.
Conversely, in the control class, consisting of 32 students, the average pre-test score was 43.88 with a standard deviation of 14.40.
Notably, there exists a discernible difference in the average initial ability pre-test scores between the control and experimental groups,
with the control group exhibiting higher scores. Consequently, this discrepancy indicates that the experimental group requires
intervention or treatment to address the observed disparity in initial ability levels.

The assessment of students' PSS in physics involved the utilization of an instrument comprising five items, each representing a
description of the work and energy material. This test was administered subsequent to the completion of the learning process. The
evaluation of students' PSS was conducted based on the stages outlined by Docktor et al. (2016), encompassing five processes: useful
description, physics approach, specific application of physics, mathematical procedures, and logical progression. The results of each
process of PSS were quantified and are depicted graphically, illustrating the average overall scores of students in the experimental and
control classes. This graphical representation aims to provide a visual depiction of the differences in PSS processes between the two
class groups, one subjected to online inquiry learning accompanied by e-scaffolding prompting questions and the other undergoing
direct instruction learning.

For a more comprehensive overview, Table 3 summarizes the data description of students' PSS pre-test and post-test scores, with
an ideal maximum score of 100. Table 3 offers a condensed presentation of the key findings related to students' problem-solving skills
in the context of work and energy material across both experimental and control classes.

The graphical representation in Figure 2 delineates the problem-solving processes involved in students' PSS. The first step in
problem-solving is the ability to identify problems (useful description - UD), wherein students collect information about known and
uncertain physical quantities in a given problem. In this process, the experimental group class received a score of 89, while the control
group class received a score of 88. Following problem identification, the subsequent step is planning a strategy using a physics approach
(PA). Strategy planning involves the utilization of related concepts and the selection of mathematical formulas as needed. In this phase,
the experimental group class scored 55, whereas the control group class scored 24. The third process in problem-solving is the
application of strategies to solve problems (specific application of physics - SAP). After selecting a problem-solving strategy, students
apply it to solve the problem or find the final answer. The experimental group class scored 44 in this process, while the control group
class scored 8. The fourth problem-solving process involves students using mathematical procedures (MP), entailing the insertion of
values into equations and performing calculations (mathematical procedures). The experimental group class scored 85, and the control
group class scored 82 in this phase. The final process of problem-solving is evaluating the solution (logical procedure - LP). During
this step, the answer derived from applying the strategy is reassessed for completeness and precision in addressing the posed problem.
The experimental group class scored 63, whereas the control group class scored 33 in this evaluation phase. Overall, the graphical
representation and corresponding scores in Figure 2 provide a comprehensive overview of the differential performance between the
experimental and control groups across the distinct stages of problem-solving in the context of work and energy material.
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Table 4. Summary of ANCOVA test results post-test problem solving skills.

Tests of Between-Subjects Effects
Dependent Variable: Post-test Problem Solving Skills

Source Type 1L Sum of df Mean Square F Sig. Partial Eta
Squares Squared

Corrected Model 7 545529+ 2 3772765  38.021 0.000 0.555
Intercept 16450.401 1 16450401 165.784 0.000 0.731
Pre-test 19.967 1 19.967 0.201 0.655 0.003
Learning Model 7105.514 1 7105.514  71.608 0.000 0.540
Etror 6052.908 61 99.228

Total 219 034.000 64

Corrected Total 13 598.437 63

a. R Squared = .555 (Adjusted R Squared = .540)

The hypothesis testing in this study utilized the analysis of covariance (ANCOVA) test. The results of the hypothesis testing data
analysis are succinctly summarized in Table 4. The results of the ANCOVA test presented in Table 4 reveal a significant difference in
students' PSS regarding the material on work and energy between those who learned using an online inquiry learning model
accompanied by e-scaffolding prompting questions and those who learned using a direct instruction model. The Feoune value is reported
as 71.608, with a significance level of 0.000, which is less than the commonly accepted threshold of 0.05.

The rejection of the null hypothesis (H0) and acceptance of the alternative hypothesis (H1) indicate that there is indeed a statistically
significant difference in PSS between the two groups. To determine which group exhibits higher PSS, reference is made to Figure 2,
where it is evident that the average PSS of the experimental class group is higher than that of the control class group. This observation
aligns with the statistical finding that problem-solving skills in the experimental group, which received online inquiry learning with e-
scaffolding prompting questions, are higher.

The 7 (eta) value in Table 4, specifically the partial eta squared, further quantifies the effect of the learning model on PSS. The
coefficient value of 0.540 or 54% suggests a substantial effect, indicating that the learning model implemented in the experimental
class significantly contributed to the observed differences in problem-solving skills. In essence, online inquiry learning with e-
scaffolding prompting questions has a considerable impact on enhancing students' problem-solving skills in the context of work and
energy material.

DISCUSSION

The outcomes of the data analysis using the analysis of covariance (ANCOVA) test reveal notable differences in students'
knowledge of physics concepts (KPC) between the experimental and control classes. This finding is consistent with the assertion that
computer-based scaffolding can serve as an effective intervention, leading to improved student success in problem-solving (Saman et
al., 2018; Saputri & Wilujeng, 2017; Tawfik et al., 2018). Additionally, Mahtari et al. (2020) have suggested that the specific type of e-
scaffolding, particularly in the form of prompting questions, can enhance students' learning outcomes and increase their knowledge.

Further distinctions become evident when examining the average scores for each process within problem-solving skills (PSS),
including identifying problems (useful description - UD), planning strategies using a physics approach (PA), applying strategies to
solve problems (specific application of physics - SAP), using mathematical procedures by entering values in equations and performing
calculations (mathematical procedutres - MP), and evaluating solutions (logical procedure - LP). In each of these PSS processes, the
experimental class group consistently outperformed the control class group. This suggests that the use of online inquiry learning
accompanied by e-scaffolding prompting questions not only impacts the overall problem-solving skills but also influences the
proficiency in specific problem-solving processes.

The examination of student responses reveals that the experimental class group achieved a higher average score on the PSS test
compared to the control class group. Students in the experimental group demonstrated a structured approach that met all PSS
assessment indicators. Their problem-solving process involved providing a useful description, selecting an appropriate physics
approach, applying a strategy to solve the problem, articulating mathematical procedures by inputting values into equations and
performing calculations, and critically evaluating the solution, resulting in a coherent answer.

The inclusion of logical progression in the students' responses served to unveil the conceptual flow they understood while tesolving
the problem. The phenomena presented in the electronic student worksheet, coupled with e-scaffolding prompting questions, enabled
students to establish connections between observed phenomena and physics concepts encountered during experiments. This, in turn,
supported their cognitive framework in addressing problem-solving tasks. This aligns with Sambada (2012) assertion that students
who actively seek relationships between concepts and natural phenomena can independently apply logical thinking in problem-solving
endeavors. The study's results underscore a notable and statistically significant difference in PSS between students engaged in online
inquiry learning accompanied by e-scaffolding prompting questions and those involved in direct instruction. This outcome affirms
that the intervention implemented by the researcher effectively influenced students' PSS. Qualitative insights obtained through semi-
structured interviews further support this conclusion.
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According to the interview results, students in the experimental class exhibited superior PSS compared to their counterparts in the
control class. This superiority manifested in their approach to problem-solving questions. Notably, students in the experimental group
did not immediately resort to applying mathematical formulas to solve problems, instead, they focused on conceptual reasoning. Their
mindset emphasized understanding that effective learning in physics, particularly in the context of work and energy, goes beyond mere
memorization of formulas. Rather, it involves connecting problems with underlying concepts.

When presented with a problem, experimental group students first comprehensively read all provided information and the problem
statement. Subsequently, they initiated the process of formulating solutions, checking their work, and evaluating the outcomes. These
stages in the problem-solving process highlighted the students' adeptness at processing information systematically to artive at accurate
solutions.

The study's findings suggest that, beyond achieving high academic scores, students in the experimental group demonstrated their
problem-solving prowess during interviews. This observation underscores the notion that students' engagement in observational
activities during experiments contributes to the development and enhancement of their PSS.

The challenges faced by students in the experimental class group during the process of grasping concepts highlight the significance
of e-scaffolding prompting questions as a facilitative tool that streamlines knowledge construction. E-scaffolding prompting questions
are universally provided to all students, irrespective of their knowledge levels. For those who have comprehended each stage of the
electronic student worksheet, they have the flexibility to bypass the e-scaffolding prompting questions related to the stages they have
mastered, while still accessing them at stages where they find difficulty. Conversely, students who have not yet grasped the stages of
the electronic student worksheet can utilize e-scaffolding prompting questions at each stage throughout the learning process.

The positive impact of e-scaffolding prompting questions on students is evident in their focused understanding and pursuit of
learning objectives. Students with a robust understanding are better equipped to respond to questions with a more scientific approach
(Aristiawan & Istiyono, 2020; Nagjiyah et al., 2020). This correlation aligns with the notion that a solid understanding fosters enhanced
PSS, empowering students to think critically and adeptly tackle problem-solving tasks (Dewi et al., 2019). The adaptability and tailored
support provided by e-scaffolding prompting questions contribute to a more effective learning experience, accommodating students
with varying levels of proficiency and ensuring a positive impact on their problem-solving abilities.

The students' problem-solving processes are inherently influenced by their level of understanding of the material concepts they
encounter. A robust comprehension of the material is achieved through the active construction and discovery of knowledge. This
knowledge-building process inevitably involves students making mistakes as part of the learning journey. In this context, the provision
of e-scaffolding prompting questions serves as a valuable aid, directing students more effectively in their knowledge-building endeavors.
This aligns with the notion that e-scaffolding prompting questions contribute to effective and interactive learning experiences (Mahtari
et al., 2020).

The utilization of e-scaffolding prompting questions in this research is designed to facilitate students in building and discovering
knowledge. A well-grounded acquisition of knowledge positively correlates with the enhancement of PSS. As students increase their
knowledge base, they are better equipped to navigate the intricacies of problem-solving. The ability to solve problems becomes crucial
for students, enabling them to connect, manipulate, and transform their knowledge, ultimately empowering them to make informed
decisions in identifying problems, designing strategies, and evaluating solutions. The integration of e-scaffolding prompting questions
not only aids in knowledge acquisition but also fosters the development of effective problem-solving capabilities.

The inquiry learning approach adopted in this study positioned students as active participants in the learning process, fostering
greater autonomy and interaction among peers. This learner-centric approach encourages students to engage in self-directed learning,
facilitating a deeper understanding of the subject matter. The knowledge acquired through individual efforts is more likely to be
retained in long-term memory, contributing to a more meaningful learning experience.

The investigative aspect of the learning process involved practical experiments, complemented by electronic student worksheets
that students were required to complete. These investigative activities not only supported students in comprehending phenomena
based on evidence but also guided them in constructing knowledge through conceptual frameworks (Suhandi et al., 2018). The
outcomes of this study align with research conducted by Hu et al. (2019) and Reddy (2020), which posit that inquiry learning can
enhance students' conceptual understanding, enabling them to substantiate statements based on evidence ot concepts when confronted
with problem-solving tasks. This underscores the effectiveness of inquity learning in promoting a deeper and more evidence-based
comprehension of the subject matter.

Inquiry learning serves as the foundation for honing scientific explanation skills through investigative activities, allowing students
to integrate insights gained from experiments with established theories, principles, and concepts (Putri et al., 2019; Wartono et al,,
2019). The investigative process not only facilitates a deeper understanding but also equips students with the tools to identify solutions
to problems (Ertikanto et al., 2015). The integration of e-scaffolding prompting questions plays a crucial role in guiding students to
gather pertinent information necessary for identifying concepts. Consequently, students become adept at solving problems based on
these conceptual frameworks and are capable of providing scientifically sound explanations for the solutions they propose. This
approach aligns with research by Hsu et al. (2015), demonstrating that students can engage in independent learning effectively with
the aid of scaffolding. Moreover, the findings of Yu et al. (2013) support the notion that students utilizing scaffolding exhibit enhanced
learning outcomes.

The observed enhancement in problem-solving skills in this study aligns with findings from previous research on scaffolding-based
inquiry learning. Studies by Raes et al. (2012) and Wang et al. (2021) have demonstrated that scaffolding interventions effectively guide
students in channeling their knowledge toward improved PSS. In this study, the scaffolding took the form of electronic student
worksheets, containing prompts and questions designed to steer students independently through the problem-solving process during
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each session. The accessibility of these electronic student worksheets without time constraints proved beneficial, enabling students to
engage in problem-solving at their own pace and gradually fostering a scientific understanding of concepts. Consequently, the
integration of online inquiry learning activities coupled with e-scaffolding prompting questions emerges as a valuable tool in honing
students' PSS.

The observed improvement in student problem-solving skills in this study resonates with findings from other research, such as
studies conducted by Mahtari et al. (2020), Raes et al. (2012), and Saputri and Wilujeng (2017). These studies have highlighted the
effectiveness of inquiry-based approaches in enhancing PSS by encouraging students to critically engage with real-life problems.
Widowati et al. (2017) suggest that this skill is honed through hands-on experimental activities and problem-solving experiences. In
the current study, students were actively involved in each stage of the inquiry learning process, participating in investigations to uncover
scientific concepts. The inclusion of e-scaffolding prompting questions in this research served as an additional resource to guide
students when encountering challenges during the investigative process. This iterative and engaging activity contributed to the ongoing
improvement of students' problem-solving abilities.

CONCLUSION

The primary objective of this study was to evaluate the effectiveness of online inquiry learning supported by e-scaffolding
prompting questions in enhancing students' problem-solving skills (PSS). The empirical findings reveal a substantial distinction in PSS
between students undergoing online inquiry learning and those exposed to traditional direct learning methodologies. The deliberate
integration of e-scaffolding prompting questions into the pedagogical framework of online inquiry learning exhibits a positive and
influential impact on students' problem-solving acumen. This outcome aligns with established scholarship emphasizing the pivotal
role of scaffolding mechanisms in guiding students through intricate problem-solving processes. A thorough comparison of the PSS
exhibited by students in the experimental cohort (engaged in online inquiry learning with e-scaffolding) and their counterparts in the
control cohort (subjected to direct learning paradigms) consistently supports the assertion that the amalgamation of online inquiry
learning with e-scaffolding significantly contributes to the improvement of PSS. The study advocates for the prudent application of
online inquiry learning strategies, reinforced by e-scaffolding prompting questions, as a means to cultivate enhanced problem-solving
proficiencies among students. Furthermore, the findings suggest the potential extension of this instructional approach to strengthen
PSS across a diverse array of physics materials. Although the study is confined to the domain of work and energy material, there is a
pressing need for additional scholarly inquiry. Future investigations could explore the adaptability of online inquiry learning
complemented by nuanced e-scaffolding prompting questions across a more expansive spectrum of physics materials, thereby aiming
for a nuanced and comprehensive understanding of its impact on students' PSS.

ACKNOWLEDGMENTS

We would like to thank the participants who volunteered their time and made this research possible. We acknowledge the
constructive feedback provided by editor of JPS and anonymous reviewers. They provided a valuable conttibution to the article's final
version by sharing their sharp feedbacks. Lastly, AWLN want to express the gratitude to her family for unwavering support and
encouragement throughout this research journey.

FUNDING AGENCIES

This research project was conducted without any external funding or financial support. The authors declare that they have not
received any grants, sponsorships, or resources from any organizations, institutions, or individuals to carry out this study.

AUTHOR CONTRIBUTIONS

All authors contributed to the conception and design of the study, data collection, analyze, interpretation, writing, and revision of
the manuscript. All authors approved the final version of the manuscript.

CONFLICT OF INTEREST STATEMENT

Regarding the research, writing, and publication of this paper, the authors state they have no competing interests.

REFERENCES

Afiat, A. H., Handayanto, S. K., & Wisodo, H. (2020). Kemampuan pemecahan masalah siswa SMA dalam menyelesaikan soal usaha
dan energi. Jurmal Pendidikan: Teors, Penelitian, dan Pengembangan, 5(1), 21-30. https://doi.org/10.17977 /jptpp.v5i1.13123
Alfathy, R. M., Astuti, B., & Linuwih, S. (2018). Identification of problem solving pattern of physics based on students
petsonality. Variabel, 1(2), 42-50. https://doi.org/10.26737 /var.v1i2.690

Amanah, P. D., Harjono, A., & Gunada, 1. W. (2017). Kemampuan pemecahan masalah dalam fisika dengan pembelajaran generatif
berbantuan  scaffolding  dan  advance  organizer. Jurnal  Pendidikan — Fisika  dan  Teknologi, 3(1),  84-91.
https://doi.otg/10.29303 /jpft.v3il.334

Aristiawan, A., & Istiyono, E. (2020). Developing instrument of essay test to measure the problem-solving skill in physics. Jurnal
Pendidifan Fisika Indonesia, 16(2), 72—82. https:/ /doi.otg/10.15294/ipfi.v16i2.24249


https://doi.org/10.17977/jptpp.v5i1.13123
https://doi.org/10.26737/var.v1i2.690
https://doi.org/10.29303/jpft.v3i1.334
https://doi.org/10.15294/jpfi.v16i2.24249

Nafisab et al., Exploring the influence of online inquiry learning ... 53

Astut, A. T., Supahar, Mundilarto, & Istiyono, E. (2020). Development of assessment instruments to measure problem solving skills
in senior high school. Journal of Physics: Conference Series, 1440(1), 012063. https://doi.org/10.1088/1742-6596/1440/1/012063

Astuti, N. H., Rusilowati, A., Subali, B., & Marwoto, P. (2020). Analisis kemampuan pemecahan masalah model polya materi getaran,
gelombang, dan bunyi siswa SMP. UPE] Unnes Physics Education Journal, 9(1), 1-8. https://doi.org/10.15294 /upej.v9i1.38274

Bao, L., & Koenig, K. (2019). Physics education research for 21st century learning. Disciplinary and Interdisciplinary Science Education
Research, 1(1), 1-12. https://doi.org/10.1186/543031-019-0007-8

Barniol, P., & Zavala, G. (2014). Force, velocity, and work: The effects of different contexts on students’ understanding of vector
concepts using isomorphic  problems. Physical  Review — Special — Topics-Physics — Education  Research, 10(2),  020115.
https://doi.org/10.1103/PhysRevSTPER.10.020115

Bezen, S., Bayrak, C., & Aykutlu, 1. (2016). Physics teachers’ views on teaching the concept of energy. Ewrasian Journal of Educational
Research, 16(64), 109—124. https://doi.org/10.14689/ejer.2016.64.6

Brauer, S., Korhonen, A. M., & Siklander, P. (2019). Online scaffolding in digital open badge-driven learning. Educational Research, 61(1),
53-69. https://doi.org/10.1080/00131881.2018.1562953

Creswell, J. W., & Clark, V. L. P. (2018). Designing and conducting mixced methods research (34 ed.). Thousand Oaks, CA: SAGE Publications,
Inc.

Dalaklioglu, S., Demirci, N., & Sekercioglu, A. (2015). Eleventh grade students’ difficulties and misconceptions about energy and
momentum concepts. lnternational Journal of New Trends in Education and Their Implications, 6(1), 13-21.

Dewi, G. A. C,, Sunarno, W., & Supriyanto, A. (2019). The needs analysis on module development based on creative problem solving
method to improve students’ problem solving ability. Jowrnal of Physics:  Conference  Series, 1153(1), 012129.
https://doi.org/10.1088/1742-6596/1153/1/012129

Ding, L., Reay, N., Lee, A., & Bao, L. (2011). Exploring the role of conceptual scaffolding in solving synthesis problems. Physical Review
Special Topies - Physies Education Research, 7(2), 020109. https://doi.org/10.1103/PhysRevSTPER.7.020109

Docktor, J. L., Dornfeld, J., Frodermann, E., Heller, K., Hsu, L., Jackson, K. A., ... & Yang, J. (2016). Assessing student written
problem solutions: A problem-solving rubric with application to introductory physics. Physical review physics education
research, 12(1), 010130. https://doi.org/10.1103/PhysRevPhysEducRes.12.010130

Ertikanto, C., Wahyudi, 1., & Viyanti, V. (2015). Inmprovement of teacher inquiry capacity through teacher training program based
on inquiry and science teaching. Jurnal Pendidikan IPA Indonesia, 4(2), 142—148. https://doi.org/10.15294/jpii.v4i2.4183

Estuhono. (2022). Research-based learning models in physics for 21st century students. AL-ISHI.AH: Jurnal Pendidikan, 14(2), 1803—
1814. https://doi.otg/10.35445/alishlah.v14i2.1268

Eveline, E., Suparno, S., Ardiyati, T. K., & Dasilva, B. E. (2019). Development of interactive physics mobile learning media for
enhancing students’” HOTS in impulse and momentum with scaffolding learning approach. Jurnal Penelitian & Pengembangan
Pendidifean Fisika, 5(2), 123-132. https://doi.org/10.21009/1.05207

Fitroh, U. N., Rusilowati, A., Darsono, T., Marwoto, P., & Mindyarto, B. N. (2020). Analysis of student problem solving skills in
harmonic motion matetials. Physics Commmunication, 4(2), 25-31. https:/ /doi.org/10.15294/physcomm.v4i2.31174

Gaffney, J. D. H. (2013). Education majors’ expectations and reported experiences with inquiry-based physics: Implications for student
affect. Physical Review Special Topics-Physics Education Research, 9(1), 010112. https://doi.org/10.1103/PhysRevSTPER.9.010112

Gall, M. D., Gall, J. P., & Borg, W. R. (2003). Educational research (7™ ed.). Boston, MA: Pearson Education, Inc.

Gregorcic, B., Planinsic, G., & Etkina, E. (2017). Doing science by waving hands: Talk, symbiotic gesture, and interaction with digital
content as  resources in  student inquiry. Physical  Review  Physics  Education  Research, 13(2),  020104.
https://doi.org/10.1103/PhysRevPhysEducRes.13.020104

Gunawan, G., Harjono, A., Nisyah, M., Kusdiastuti, M., Herayanti, L., & Fathoroni, I. (2020). Enhancement students’ problem-solving
ability through inquiry learning model integrated with advance organizers on the concept of work and energy. Journal of Physics:
Conference Series, 1471(1), 012035. https://doi.org/10.1088/1742-6596/1471/1/012035

Gunawan, G., Suranti, N. M. Y., Nisrina, N., & Herayanti, L. (2018). Students’ problem-solving skill in physics teaching with virtual
labs. International Journal of Pedagogy and Teacher Edncation, 2, 87-96. https://doi.org/10.20961 /ijpte.v2i0.24952

Hsu, C. C,, Chiu, C. H,, Lin, C. H., & Wang, T. 1. (2015). Enhancing skill in constructing scientific explanations using a structured
argumentation scaffold in scientific inquiry. Computers & Education, 91, 46-59. https:/ /doi.org/10.1016/j.compedu.2015.09.009

Hu, D., Chen, K., Leak, A. E., Young, N. T., Santangelo, B., Zwickl, B. M., & Martin, K. N. (2019). Characterizing mathematical
problem solving in physics-related workplaces using epistemic games. Physical Review Physics Education Research, 15(2), 020131.
https://doi.otg/10.1103/PhysRevPhysEducRes.15.020131

Indriyani, IF., Siswanto, J., & Khoiri, N. (2018). Pengaruh modeling instruction terhadap kemampuan pemecahan masalah fisika pada
materi usaha dan energi siswa kelas X MIPA SMA Muhammadiyah Mayong Jepara. Jurnal Penelitian Pembelajaran Fisika, 9(1),
40—44. https://doi.org/10.26877 /jp2f.v9il.2314

Jewett Jr, J. W. (2008). Enetgy and the confused student I: Work. The Physics Teacher, 46(1), 38—43. https://doi.org/10.1119/1.2823999

Jua, S. K., Sarwanto, & Sukarmin. (2018). The profile of students’ problem-solving skill in physics across interest program in the
secondary school. Journal of Physics: Conference Series, 1022(1), 012027. https://doi.org/10.1088/1742-6596/1022/1/012027

Kariawan, I. G., Sadia, I. W., & Pujani, N. M. (2015). Pengembangan perangkat pembelajaran fisika dengan setting model pembelajaran
inkuiri untuk meningkatkan kemampuan pemecahan masalah dan kemampuan berpikir kritis siswa SMA. Jurnal Pendidikan dan
Pembelajaran IPA Indonesia, 5(1), 1-11.


https://doi.org/10.1088/1742-6596/1440/1/012063
https://doi.org/10.15294/upej.v9i1.38274
https://doi.org/10.1186/s43031-019-0007-8
https://doi.org/10.1103/PhysRevSTPER.10.020115
https://doi.org/10.14689/ejer.2016.64.6
https://doi.org/10.1080/00131881.2018.1562953
https://doi.org/10.1088/1742-6596/1153/1/012129
https://doi.org/10.1103/PhysRevSTPER.7.020109
https://doi.org/10.1103/PhysRevPhysEducRes.12.010130
https://doi.org/10.15294/jpii.v4i2.4183
https://doi.org/10.35445/alishlah.v14i2.1268
https://doi.org/10.21009/1.05207
https://doi.org/10.15294/physcomm.v4i2.31174
https://doi.org/10.1103/PhysRevSTPER.9.010112
https://doi.org/10.1103/PhysRevPhysEducRes.13.020104
https://doi.org/10.1088/1742-6596/1471/1/012035
https://doi.org/10.20961/ijpte.v2i0.24952
https://doi.org/10.1016/j.compedu.2015.09.009
https://doi.org/10.1103/PhysRevPhysEducRes.15.020131
https://doi.org/10.26877/jp2f.v9i1.2314
https://doi.org/10.1119/1.2823999
https://doi.org/10.1088/1742-6596/1022/1/012027

54 Jurnal Pendidikan Sains, Volume 11, Number 2, June 2023, pp. 45—55

Kim, E., & Pak, S. J. (2002). Students do not overcome conceptual difficulties after solving 1000 traditional problems. Awerican Journal
of Physies, 70(7), 759-765. https://doi.org/10.1119/1.1484151

Koes-H, S., Suwasono, P., & Pramono, N. A. (2019). Efforts to improve problem solving abilities in physics through e-scaffolding in
hybrid learning. AIP Conference Proceedings, 2081(1), 030006. https://doi.org/10.1063/1.5094004

Korkman, N., & Metin, M. (2021). The effect of inquiry-based collaborative learning and inquiry-based online collaborative learning
on success and  permanent  learning  of  students. Jowrnal  of  Science  Learning, 4(2), 151-159.
https://doi.otg/10.17509/isl.v4i2.29038

Lawson, R. A., & McDermott, L. C. (1987). Student understanding of the work-energy and impulse-momentum theorems. American
Journal of Physies, 55(9), 811-817. https://doi.org/10.1119/1.14994

Lindsey, B. A., Heron, P. R, & Shaffer, P. S. (2009). Student ability to apply the concepts of work and energy to extended
systems. American Journal of Physics, 77(11), 999—1009. https://doi.org/10.1119/1.3183889

Lund, P. (2019). Exemplars in problem-solving in physics instruction (Doctoral dissertation, Martin Luther College, New Ulm, Minnesota).
Rettieved from https://mlc-wels.edu/library/wp-content/uploads/sites/14/2019/08/Lund-Field_Project-final.pdf

Mahtari, S., Wati, M., Hartini, S., Misbah, M., & Dewantara, D. (2020). The effectiveness of the student worksheet with PhET
simulation used scaffolding question prompt. Journal of Physics: Conference Series, 1422(1),012010. https://doi.otg/10.1088/1742-
6596/1422/1/012010

Mamun, M. A. A,, Lawrie, G., & Wright, T. (2020). Instructional design of scaffolded online learning modules for self-directed and
inquity-based learning environments. Computers & Edncation, 144, 103695. https://doi.org/10.1016/j.compedu.2019.103695

Mardiani, A., Supeno, S., & Maryani, M. (2019). Lembar kerja siswa (LKS) berbasis inkuiri disertai scaffolding prompting question
untuk meningkatkan keterampilan menulis ilmiah siswa pada pembelajaran fisika di SMA. FKIP e-proceeding, 3(2), 101-106.

Mazorodze, R., & Reiss, M. J. (2019). Cognitive and metacognitive problem-solving strategies in post-16 physics: A case study using action research.
Cham, Switzerland: Springer Nature.

Milbourne, J., & Wiebe, E. (2018). The role of content knowledge in ill-structured problem solving for high school physics
students. Research in Science Education, 48, 165-179. https:/ /doi.org/10.1007 /s11165-016-9564-4

Mudhofir, F., Cahyono, E., Saptono, S., & Sulhadi, S. (2022). How to improve problem solving ability in learning physics: A systematic
review. In A. Nuryatin et al. (Eds.), Igniting Cutting-Edge Innovations in Science, Technology, and Humanities for Sustainable Futnre.
Proceeding of the 8" International Conference on Science, Education, and Technology (vol. 8, pp. 654—666). Semarang,
Indonesia.

Nadhini, A. V., Suyudi, A., Nandari, E. M., & Husna, S. F. (2017). Analisis kemampuan siswa SMA kelas XI dalam memecahkan
masalah pada mateti fluida statis. Jurnal Riset Pendidikan Fisika, 2(2), 56—60. https://doi.org/10.17977 /um058v2i2p%25p

Nagiyah, M., Rosana, D., Sukardiyono, & Ernasari. (2020). Developing instruments to measure physics problem solving ability and
nationalism of high school student. International Journal of Instruction, 13(4), 921-936. https://doi.org/10.29333/1ji.2020.13456a

Novitra, F., Festiyed, Yohandri, & Asrizal. (2021). Development of online-based inquiry learning model to improve 21st-century skills
of physics students in senior high school. Eurasia Journal of Mathematics, Science and Technology Education, 17(9), em2004.
https://doi.org/10.29333/ejmste/11152

Nurhayati, E., Mulyana, T, & Martadiputra, B. A. P. (2016). Penerapan scaffolding untuk pencapaian kemampuan pemecahan masalah
matematis. JP3M (Jurnal Penelitian Pendidikan dan Pengajaran Matematika), 2(2), 107-112.

Pospiech, G. (2019). Framework of mathematization in physics from a teaching perspective. In G. Pospiech, M. Michelin, & B.-S.
Eylon (Eds.), Mathematics in physics education. Cham, Switzetland: Springer Nature. https://doi.org/10.1007/978-3-030-04627-
91

Putri, R. Z., Jumadji, J., Ariswan, A., & Kuswanto, H. (2019). Mapping students' problem-solving skills in physics subject after inquiry
learning  at class X SMAN 1 Prambanan. Jurnal ~ Pendidikan — Fisika  Indonesia, 15(2), 60-69.
https://doi.org/10.15294/jpfi.v15i2.15246

Raes, A., Schellens, T., Wever, B. D., & Vanderhoven, E. (2012). Scaffolding information problem solving in web-based collaborative
inquity learning. Computers & Education, 59(1), 82-94. https://doi.org/10.1016/j.compedu.2011.11.010

Rahmatina, D. I, Sutopo, S., & Wartono, W. (2018). Identifikasi kesulitan siswa SMA pada materi usaha-energi. Momentum: Physics
Eduncation Journal, 2(1), 8-14. https://doi.org/10.21067 /mpej.v1i1.2240

Reddy, L. (2020). An evaluation of undergraduate South African physics students' epistemological beliefs when solving physics
problems. Ewrasia Journal of Mathematics, Science and Technology Education, 16(5), em1844. https://doi.otg/10.29333/ejmste/7802

Rénnebeck, S., Bernholt, S., & Ropohl, M. (2016). Searching for a common ground — A literature review of empirical research on
scientific inquity activities. Studies in Science Education, 52(2), 161-197. https://doi.org/10.1080/03057267.2016.1206351

Saman, M. L., Koes-H, S., & Sunaryono, S. (2018). Procedural e-scaffolding in improving students’ physics problem solving skills. Unnes
Science Education Jonrnal, 7(2), 211-220. https://doi.org/10.15294/usej.v7i2.23290

Sambada, D. (2012). Peranan kreativitas siswa terhadap kemampuan memecahkan masalah fisika dalam pembelajaran
kontekstual. Jurnal Penelitian Fisika dan Aplikasinya (JPFEA), 2(2), 37-47. https://doi.org/10.26740/jpfa.v2n2.p37-47

Saputri, A. A., & Wilujeng, I. (2017). Developing physics e-scaffolding teaching media to increase the eleventh-grade students' problem
solving ability and scientific attitude. International Journal of Environmental and Science Education, 12(4), 729-745.

Serway, R. A., & Jewett Jt., J. W. (2014). Physics for scientists and engineers with modern physies (9™ ed.). Salt Lake City, UT: Brooks/Cole
Cengage Learning,


https://doi.org/10.1119/1.1484151
https://doi.org/10.1063/1.5094004
https://doi.org/10.17509/jsl.v4i2.29038
https://doi.org/10.1119/1.14994
https://doi.org/10.1119/1.3183889
https://mlc-wels.edu/library/wp-content/uploads/sites/14/2019/08/Lund-Field_Project-final.pdf
https://doi.org/10.1088/1742-6596/1422/1/012010
https://doi.org/10.1088/1742-6596/1422/1/012010
https://doi.org/10.1016/j.compedu.2019.103695
https://doi.org/10.1007/s11165-016-9564-4
https://doi.org/10.17977/um058v2i2p%25p
https://doi.org/10.29333/iji.2020.13456a
https://doi.org/10.29333/ejmste/11152
https://doi.org/10.1007/978-3-030-04627-9_1
https://doi.org/10.1007/978-3-030-04627-9_1
https://doi.org/10.15294/jpfi.v15i2.15246
https://doi.org/10.1016/j.compedu.2011.11.010
https://doi.org/10.21067/mpej.v1i1.2240
https://doi.org/10.29333/ejmste/7802
https://doi.org/10.1080/03057267.2016.1206351
https://doi.org/10.15294/usej.v7i2.23290
https://doi.org/10.26740/jpfa.v2n2.p37-47

Nafisab et al., Exploring the influence of online inquiry learning ... 55

Song, Y. (2018). Improving primary students’ collaborative problem solving competency in project-based science learning with
productive failure instructional design in a seamless learning environment. Educational Technology Research and Development, 66,
979-1008. https://doi.org/10.1007/s11423-018-9600-3

Sotiriou, S. A., Lazoudis, A., & Bogner, F. X. (2020). Inquiry-based learning and e-learning: How to serve high and low achievers. Swart
Learning Environments, 7, 29. https:/ /doi.org/10.1186/s40561-020-00130-x

Streich, 1., & Mayer, J. (2020). Effects and prerequisites of self-generation in inquiry-based learning. Education Sciences, 10(10), 277.
https://doi.otg/10.3390/educscil 0100277

Suhandi, A., Muslim, Samsudin, A., Hermita, N., & Supriyatman. (2018). Effectiveness of the use of question-driven levels of inquiry
based instruction (QD-LOIBI) assisted visual multimedia supported teaching material on enhancing scientific explanation
ability senior high school students. Journal of Physics: Conference Series, 1013(1), 012026. https://doi.org/10.1088/1742-
6596/1013/1/012026

Sutarno, S., Putri, D. H., Risdianto, E., Satriawan, M., & Malik, A. (2021). The students’ physics problem solving skills in basic physics
coutse. Journal of Physics: Conference Series, 1731(1), 012078. https://doi.otg/10.1088/1742-6596/1731/1/012078

Suwastini, N. K. A., Ersani, N. P. D., Padmadewi, N. N., & Artini, L. P. (2021). Schemes of scaffolding in online education. Rezorika:
Jurnal Ilpn Babasa, 7(1), 10-18. https://doi.org/10.22225/j£.7.1.2941.10-18

Tavares, R., Vieira, R. M., & Pedro, L. (2021). Mobile app for science education: Designing the learning approach. Education
Sciences, 11(2), 79. https:/ /doi.org/10.3390/ educscil 1020079

Tawfik, A. A., Law, V., Ge, X., Xing, W., & Kim, K. (2018). The effect of sustained vs. faded scaffolding on students’ argumentation
in ill-structured problem solving. Computers in Human Bebavior, 87, 436—449. https://doi.org/10.1016/j.chb.2018.01.035

Wang, H. S., Chen, S., & Yen, M. H. (2021). Effects of metacognitive scaffolding on students’ performance and confidence judgments
in simulation-based inquiry. Physical Review Physics Education Research, 17(2), 020108.
https://doi.org/10.1103/PhysRevPhysEducRes.17.020108

Wang, Y., Lavonen, J., & Tirri, K. (2018). Aims for learning 21st century competencies in national primary science curricula in China
and  Finland. Ewrasia  Journal ~ of  Mathematics ~ Science  and ~— Technology — Education, — 14(6),  2081-2095.
https://doi.org/10.29333/ejmste/86363

Wartono, W., Batlolona, J. R., & Mahfi, R. M. (2019). Peningkatan kemampuan pemecahan masalah fisika dengan model pembelajaran
inquity-discovety. Edusains, 11(2), 242-248. https://doi.org/10.15408/es.v11i2.8574

Wati, M., Mahtari, S., Azmi, A. N., Salam, A., & Mastuang, M. (2021). Analysis of problem solving skills in work and energy material
using the RASCH model. Jowrnal of Physics:  Conference  Series, 1832(1), 012053. https://doi.org/10.1088/1742-
6596/1832/1/012053

Widowati, A., Nurohman, S., & Anjarsari, P. (2017). Developing science learning material with authentic inquiry learning approach to
improve  problem  solving  and  scientific  attitude. Jurnal  Pendidikan ~ IPA  Indonesia, 6(1),  32—40.
https://doi.org/10.15294/jpii.v6i1.4851

Yu, F. Y., Tsai, H. C., & Wu, H. L. (2013). Effects of online procedural scaffolds and the timing of scaffolding provision on elementary
Taiwanese students' question-generation in a science class. Awstralasian Journal of Educational Technology, 29(3), 416—433.
https://doi.org/10.14742/ajet. 197

Zulfa, 1., Kusairi, S., Latifah, E., & Jauhariyah, M. N. R. (2019). Analysis of student’s conceptual understanding on the work and energy
of online hybtid leatning. Journal of Physics:  Conference  Series, 1171(1), 012045. https://doi.org/10.1088/1742-
6596/1171/1/012045


https://doi.org/10.1007/s11423-018-9600-3
https://doi.org/10.1186/s40561-020-00130-x
https://doi.org/10.3390/educsci10100277
https://doi.org/10.1088/1742-6596/1013/1/012026
https://doi.org/10.1088/1742-6596/1013/1/012026
https://doi.org/10.1088/1742-6596/1731/1/012078
https://doi.org/10.22225/jr.7.1.2941.10-18
https://doi.org/10.3390/educsci11020079
https://doi.org/10.1016/j.chb.2018.01.035
https://doi.org/10.1103/PhysRevPhysEducRes.17.020108
https://doi.org/10.29333/ejmste/86363
https://doi.org/10.15408/es.v11i2.8574
https://doi.org/10.1088/1742-6596/1832/1/012053
https://doi.org/10.1088/1742-6596/1832/1/012053
https://doi.org/10.15294/jpii.v6i1.4851
https://doi.org/10.14742/ajet.197
https://doi.org/10.1088/1742-6596/1171/1/012045
https://doi.org/10.1088/1742-6596/1171/1/012045

	INTRODUCTION
	METHOD
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING AGENCIES
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

