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ABSTRACT

In the 21st century, students’ higher-order thinking skills (HOTS) are crucial, as they focus
on students’ capacity to identify problems and think analytically to solve them. Therefore,
students were required to have higher-order thinking skills. The purpose of this research
was to assess the impact of e-scaffolding in problem-based learning (PBL) on students’ HOTS
in the context of standing waves. This study utilized a quasi-experimental approach employ-
ing a non-equivalent control group design. The experimental group, which was taught with
e-scaffolding in PBL, consisted of 31 students, while the control group, taught only with the
PBL model, had 29 students. A total of eight multiple-choice questions that had been proven
valid with a reliability of 0.752 were used to assess students’ HOTS. The data were then
analyzed using ANCOVA, with pretest scores as covariates. The results showed statistically
significant differences among students with increased higher-order thinking skills in favor
of using e-scaffolding in PBL: 0.000 (o < 0.005). The eta squared statistic (0.785) indicates a
large effect size. By employing PBL with electronic scaffolding, students actively participate in
collaborative activities focused on successful problem-solving, resulting in a high success rate.
Consequently, it is recommended to consider e-scaffolding as a primary method for develop-
ing higher-order thinking skills.

KEYWORDS
e-scaffolding, higher-order thinking skills (HOTS), problem-based learning (PBL), standing
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1  INTRODUCTION

Education in today’s modern era focuses on cultivating essential skills relevant
to the 21st century. It requires critical thinking, communication skills, collaboration
skills, and problem-solving skills [1]. These skills are developed by promoting and
enhancing higher-order thinking skills (HOTS) in students. HOTS refers to thinking
processes that stem from recognizing facts and details of information and knowl-
edge as the foundation of comprehension, enabling the application of complex
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thinking processes [2]. HOTS is a skill that allows someone to acquire new infor-
mation by leveraging existing knowledge, then effectively organize and expand
upon this information to explore alternative solutions in decision-making, foster
innovation, and generate novel ideas to address challenges [3]. These skills are
not new concepts in education but have been increasingly emphasized recently.
Anderson and Krathwohl [4] state that HOTS includes analysis (C4), evaluation (C5),
and creativity (C6).

Efforts to enhance students’ HOTS in physics learning have yet to yield opti-
mal results. Indonesian students have not yet been able to secure top positions.
The results of the programmer for international student assessment (PISA) and
the trends in international mathematics and science study (TIMSS) revealed that
most Indonesian students are still at the lower order thinking skills (LOTS) level [5].
Research findings indicate that students’ proficiency in solving HOTS-based physics
problems still needs improvement. This suggests room for improvement in students’
HOTS [6]. Other findings revealed that students’ skills in solving HOTS-based prob-
lems are still deficient, especially in C6 questions, with an average student score of
13.88, while C4 and C5 questions are in the sufficient category, with the average
student score in solving C4 being 40.0 and C5 being 32.90 [7]. Research conducted
by [8] revealed that 42% of students’ thinking skills in solving temperature and heat
problems were categorized as high or low, while the remaining 16% were catego-
rized as sufficient. Physics is one of the subjects that emphasizes HOTS. Standing
waves are one of the physics topics that students often struggle to understand. Most
students are prone to focusing on solving problems without realizing the underly-
ing concepts. Instead of developing a conceptual understanding of waves in physics
to solve problems, students tend to focus on memorizing formulas [9]. As many as
34.19% of students find standing wave topics difficult [10]. Therefore, students must
possess HOTS to be actively engaged in constructing and discovering knowledge to
solve problems.

Based on the description above, a solution is needed to enhance students’ HOTS
on the topic of standing waves. HOTS can be developed through active learning mod-
els that engage students in the learning process. One of the active learning models
is problem-based learning (PBL). This model focuses on real-life situations, complex
problems, independentlearning, and collaborative learning in small groups [11], [12].
The PBL model helps students enhance their critical thinking skills by guiding them
to search for data to find solutions to problems, leading to logical and genuine reso-
lutions for a specific challenge [13]. One of the crucial aspects is that teachers cannot
simply transmit content to their students. On the contrary, students should proac-
tively broaden their understanding through the development of knowledge derived
from their own experiences and ideas [14]. PBL involves students actively exploring
knowledge, seeking new information, integrating new knowledge with what they
already know, organizing known information, explaining it to peers, and involving
technology in the learning process [15]. Students engage in a learning process that
demands critical thinking, collaboration with team members, information gather-
ing, and exploration of different possibilities to solve problems. Several studies that
have been conducted show that PBL can improve students’ conceptual understand-
ing [9], critical thinking skills [16], creative thinking skills [17], and science process
skills [18]. PBL significantly impacts students’ learning outcomes compared to con-
ventional learning models [19].

Problem-based learning is highly successful when combined with computer-
based scaffolding [20]. Given the rapid advancement of technology, scaffolding,
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specifically e-scaffolding, has been developed online. When technological tools
are available and efficiently integrated into learning activities, the result is often
active student participation and the provision of opportunities to develop students’
HOTS [21]. E-scaffolding assists students in achieving learning objectives and per-
formance by providing support to solve complex problems beyond their current
skills [22]. Scaffolding assists students in articulating problems, structuring the
problem, connecting concepts, and finding reasons to answer the problem [23].
The study by [24] found that e-scaffolding positively impacts students’ academic
ability by enhancing their conceptual understanding of the subject matter and the
selection of strategies implemented when solving problems. E-scaffolding has also
been proven to prevent misconceptions [25] and improve science process skills [26],
problem-solving skills [27], and student learning outcomes [28]. Implementing
e-scaffolding allows students to engage and acquire skills in independently solving
complex problems [29].

Numerous studies confirm the effectiveness of scaffolding in learning. However,
there is a need for more information on the effectiveness of electronic scaffolding in
enhancing HOTS resulting from the combination of PBL with procedural electronic
scaffolding. Therefore, researchers are interested in implementing e-scaffolding in
PBL that can be accessed anytime and anywhere to assist students in solving phys-
ics problems. This study aims to: 1) determine the impact of e-scaffolding in PBL
on students” HOTS regarding the Standing Wave topic, and 2) assess the variation
in HOTS levels between students instructed with PBL assisted by e-scaffolding and
those taught with PBL alone on the Standing Wave topic.

2 LITERATURE REVIEW

Higher-order thinking skills are a set of cognitive skills. HOTS is defined as
a broader use of the mind to discover new challenges, including critical, logical,
reflective, metacognitive, and creative thinking [30]. HOTS challenges learners to
interact effectively and apply knowledge to achieve problem objectives by, associ-
ating, manipulating, and modifying existing insights and skills. This contributes to
enhanced argumentation and decision-making [3]. Creating questions that require
higher-order thinking skills only occasionally involves crafting challenging ques-
tions [31]. Difficulty alone does not guarantee the presence of HOTS. For instance,
asking about an unfamiliar concept can sometimes turn it into a HOTS question.
A literature study by [32] pointed out that students can make comparisons, provide
validation, or conduct investigations based on their initial knowledge by address-
ing question or accomplishing open-ended task. This ability helps to develop their
higher-order thinking skills. A fundamental comprehension of the concept of waves
is crucial for studying other subjects, such as standing waves. Many students still
need help solving problems related to wavelength, wave propagation speed, and
wave properties [9], [10]. These challenges indicate that there is still room for fur-
ther research to enhance students’ HOTS on standing waves to achieve even greater
optimization. For years, PBL has been highlighted as a practical approach that suits
the dynamic needs of 21st-century education.

Problem-based learning is typically organized in small study groups where
students collaborate on real problems to enhance motivation and stimulate discus-
sion [33]. Barrows [34] defines PBL as a learning model in which problems serve
as the essential teaching material and function as the initial step in the learning
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process. Using real contexts to explore is essential, as it means that learning activi-
ties are based on contextual issues. PBL requires active student engagement as they
investigate and seek solutions to the presented problems [35]. PBL is not intended to
help educators transmit information or materials to students. However, this model
guides students’ thinking, problem-solving, and intellectual skills [36]. In PBL, learn-
ers can acquire knowledge and engage in discussions with others [37]. They then
enhance and restructure their cognition based on their initial and new knowledge
and experiences. During the information collection phase, if inconsistencies arise,
students can engage in discussions to address these obstacles and explore solutions
toreach an agreement or find common ground. Students can enhance HOTS through
negotiation processes and be involved in the development of shared knowledge [34].
In the educational setting, instructors function as facilitators, guiding students to
engage in learning through problem-solving activities. This includes tasks such
as recognizing or scrutinizing problems and pertinent information, formulating
hypotheses, engaging in self-directed learning to acquire new knowledge, applying
acquired knowledge, exploring potential solutions, and assessing the effectiveness
of those solutions [38], [39]. A study by [40] exploring the effect of PBL reported
that the approach reinforced students’ HOTS. Therefore, it is believed that students’
HOTS will improve.

E-scaffolding is a form of web-based online scaffolding. E-scaffolding, as web-
based assistance, can help students achieve learning and performance goals by
solving complex problems that are beyond their current skills [22], [41]. When
compared to traditional scaffolding, the utilization of e-scaffolding is more flexi-
ble and effective. This notion is because e-scaffolding can help students improve
their performance independently, making it easier to detect the difficulties they
experience [42]. Procedural scaffolding involves a sequence of steps that students
must navigate and adhere to [43]. It involves a series of actions that will be taken
to find a solution through investigation. A study by [44] developed a web-based
model incorporating a comprehensive range of scaffolding types, such as concep-
tual, procedural, strategic, and metacognitive. The e-scaffolding system encouraged
students to construct knowledge, enhance competence, and facilitate collaborative
learning. [45] implemented blended-physics learning with the assistance of pro-
cedural e-scaffolding. The results showed that physics learning with procedural
e-scaffolding improved students’ scientific explanations, specifically claims, evi-
dence, and reasoning. In reference [46], a scientific explanation-based e-scaffold-
ing website was developed by integrating PhET simulations as a virtual practicum.
The results showed that it significantly improved students’ ability to produce sci-
entific explanations.

Utilizing e-scaffolding procedures in the design of physics learning through PBL
presents opportunities and challenges that can inspire educators and research-
ers to create more successful and streamlined educational innovations. Empirical
research extensively supports the advantages of PBL as an instructional approach
aligned with the requirements of the 21st century. These advantages include the
development of HOTS. While numerous studies affirm the efficacy of PBL in enhanc-
ing HOTS, there is limited application of physics learning design incorporating elec-
tronic scaffolding procedures within the PBL framework in educational research.
The combination of the foundational elements mentioned suggests the potential
effectiveness of PBL with procedural e-scaffolding in addressing the challenges of
HOTS in physics education, particularly in the context of standing waves. However,
the combination of these basic foundations can only be proven through appropriate
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physics education research. Hence, this study seeks to address the existing knowl-
edge gap identified in prior research and contribute to the expanding field of study
by investigating how the incorporation of e-scaffolding procedures in PBL supports
and enhances the HOTS of students.

The key research question of this study was:

1. Is there a difference in higher-order thinking skills related to standing wave
material between students who receive procedural e-scaffolding in PBL and stu-
dents who only engage in problem-based learning?

Consequently, the hypothesis is presented as follows:

HO: There 1s no difference in the HOTS of students who learn using the PBL with
procedural e-scaffolding compared to those who only learn using the PBL model.

H1: There is a difference in the higher-order thinking skills of students who learn
using the PBL model with procedural e-scaffolding and students who only learn
using the PBL model.

3 METHODOLOGY
3.1 Research methods

This study employed a quantitative research approach, utilizing the quasi-
experimental method. The selected design was a non-equivalent control group
design [47]. This study was conducted in two classes where students received two
treatments: the PBL model with e-scaffolding procedures in the experimental class
and the PBL model in the control class. Both groups underwent an initial pretest,
followed by distinct learning interventions, and were later assessed through a
posttest. This study specifically focuses on examining the impact of e-scaffolding pro-
cedures in PBL on enhancing HOTS related to the topic of standing waves.

3.2 Sampling

The population of this study comprised all secondary school students in Malang,
Indonesia. This study included two classes as its samples: the experimental group
and the control group, with a total of 60 students—31 in the experimental group and
29 in the control group. The selection of samples involved the utilization of a cluster
random sampling technique, ensuring the randomization of classes. Cluster sam-
pling occurs when the population has been divided into pre-existing natural groups,
such as schools, classrooms, districts, and roads [48].

3.3 Data collection

In this study, there are two types of instruments: learning instruments and
measurement instruments. The learning tools utilized include a Lesson Plan that
has undergone validity testing by mentoring teachers, resulting in 92% accu-
racy, a Student Worksheet with e-scaffolding procedures that expert validators
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have tested and scored at 86%; and mentoring teachers have related it at 94%.
Meanwhile, the measurement instruments consist of pretest and posttest sheets
that measure the cognitive domain based on HOTS, starting from Analysis (C4),
Evaluation (C5), and Creation (C6). The questions administered to both the experi-
mental and control groups are identical. The tests consist of eight multiple-choice
questions that have been empirically validated and are considered valid, with a
reliability score of 0.752.

3.4 Data analysis

Quantitative data were collected by administering a test on higher-order thinking
skills using multiple-choice questions in both the pre- and post-tests. The analysis of
data to determine the impact of e-scaffolding procedures in PBL on students’ HOTS
across the two classes was conducted using ANCOVA, with the prior knowledge
score serving as a covariate. Furthermore, the impact of field operations was deter-
mined using Cohen’s effect size [49]. Table 1 contains the d-effect size categories for
the improvement of higher-order thinking skills data.

Table 1. The category of Cohen’s d effect size

d-effect Category

>1 Strong
0.21-1.0 Moderate
0-0.20 Weak

3.5 Procedure and implementation

The study sought to explore the impact of e-scaffolding procedures in PBL on
students’ HOTS related to standing waves. Consequently, the study participants
were divided into the experimental group (n = 29), which received worksheets with
e-scaffolding procedures, and the control group (n = 31), which received worksheets
without e-scaffolding procedures.

The experiment began with a pretest for both classes to evaluate any differences
between the two groups before starting the experiment. After working on pretest
questions, the teacher provides information to the experimental class about the
website that students will use to access worksheets with procedural e-scaffolding.
One week before the learning implementation began, students in the experimental
class were asked to access Moodle using the account created for each student. Hence,
they understand how to use it. The main menu on this website is structured like a
worksheet. The worksheet includes various elements to assist students in conduct-
ing virtual experiments, such as the objectives of the experiment, procedures for
implementation, and the outcomes obtained from the experiment.

In the PBL model, education follows five PBL syntaxes. The learning process
begins with the student’s orientation to the problem stage. At this stage, students are
given a problem to learn about standing waves. Problems were provided in work-
sheets that are accessible online (see Figure 1).
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Silahkan tonton video berikut!

Fig. 1. Student orientation to the problem

The problem-solving process is carried out in groups with four to five members
per group. This second stage is the phase of organizing students to learn. The teacher
led the students in a group division and asked them to gather with their group
members. After that, students use the standing wave LKS to conduct a rope wave
experiment. Students pay attention to the teacher’s instructions on the key points to
consider when conducting experiments. Then, students begin to perform the rope
wave experiment. The third stage involves assisting individual or group investi-
gations. After all the students gathered in groups, each group planned the experi-
ments. During this stage, each group receives a student worksheet with procedural
scaffolding in the form of prompt questions to guide the ordering of investigation
activities and provide hints on data analysis. Students can design an experimental
procedure using the PhET simulation “Wave on a String” by following the steps pro-
vided (see Figure 2). Several groups encountered difficulties, trouble, so they sought
teacher assistance to create waves on the rope. After completing the rope waves,
groups then finalize the worksheets that were distributed.
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0 25 ning.SijEJBka.Com + 1 ’ After that, click the *play” sign to start and stop the oscillation!

Together with your group mates, design the steps of an experiment using the tools
and materials mentioned. Write the results in the column below!

Experiment 1
» Set a fixed Frequency of 1.50 Hz

+ Vary the Amplitude value (the amplitude value is changed)

®ouem | J

.}‘ ]

2 I Observe the waveform!

3 ’ For rope tension set at medium condition (between low and high) in tension

4 ’ Next select the motion which is "slow motion™ and the damping which is "none”

5 l Measure the wavelength using the ruler in the simulation!

7 I Open the PhET link: https://phet colorado.edu/en/simulations/wave-on-a-string

8 ’ Then calculate the speed of propagation of the wave and record it in the table!
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9 [ Then activate the ruler that is on the ruler

6| Select the type of wave formation first i.e. "oscillate” ]

10 l Then select the type of rope end which is endless i.e. "no end”

Check

Fig. 2. Prompt questions on investigation steps

After completing the experimentation process, students can propose solutions
to the problems presented. The students’ responses to the practical outcomes allow
the teacher to assess their performance. Subsequently, students are guided to scruti-
nize the data derived from the experiment. In the data analysis, there is scaffolding
in the form of hints to help students with their answers (see Figure 3).

1. What happens to the rope when it is vibrated and in what direction does the wave
propagate?

Maximum size for new files: Unlimited
#BHES

LN
o
5
e

®

You can drag and drop files here to add them

2. Based on the experimental data, how does amplitude affect wavelength and
wave propagation speed?

Maximum size for new files: Unlimited

5] EI

= files

You can drag and drop files here to add them

Hint!
Look at the data from the experiment and compare the values of wavelength and propagation speed
(larger/smaller) when the amplitude changes and the frequency remains fixed

Fig. 3. Hint on data analysis
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The fourth stage involves developing and showcasing the work. Each group con-
ducts problem-solving activities. At this stage, students engage in group discussions
to complete the worksheet with procedural scaffolding. The teacher then assisted
each group in checking the correctness of their answers and guided groups that
were still struggling. After students discuss with their group members to complete
the data analysis, randomly selected groups will present the results of their discus-
sions. The representatives of each group present the outcomes of their discussions
to the entire class, and the other groups can react and provide recommendations in
response to the discussion results that have been submitted. This activity marks the
fifth step in analyzing and evaluating the problem-solving process.

4  RESULTS

Before commencing the intervention in each class, both the experimental and
control groups underwent identical pretests using an eight-item multiple-choice
instrument to assess students’ initial understanding of the standing wave topic in
terms of higher-order thinking skills. A normality assumption test has been con-
ducted, and the results reveal that the pretest and posttest data distributions in all
groups follow a normal distribution. A homogeneity test has also been performed,
indicating that the variance between the experimental and control groups regard-
ing the students’ initial HOTS data and the final HOTS data is homogeneous. As for
the linearity test results of students” HOTS scores against their initial HOTS scores,
the significance value is 0.921 (p > 0.05). This result indicates a linear relationship
between the initial and final HOTS, suggesting that the initial HOTS data can be used
as a covariate variable. In this case, the data analysis process continued with an
ANCOVA test to determine whether the treatment improved students’ higher-order
thinking skills.

4.1 Prior knowledge results of experimental group and control group

The outcomes of the prior knowledge assessment provide insights into the stu-
dents’ existing knowledge before engaging in PBL with e-scaffolding procedures in
the experimental group and the PBL model without e-scaffolding procedures in the
control group. Detailed statistical results for students in both the experimental and
control groups can be found in Table 2.

Table 2. Data description of prior knowledge (Pretest)

Class N Mean Std Dev Min Score Max Score
Experimental 31 19.35 13.40 0 50
Control 29 27.59 15.03 0 50

Based on Table 2, the control group shows a higher mean score for prior knowl-
edge compared to the experimental group. Within the 0-80 range, the average value
for the experimental class is 19.35, while for the control class, it is 27.59. Details
regarding students’ prior knowledge (pretest) in both the experimental and control
groups for each aspect can be observed in Figure 4.
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Fig. 4. Experimental class and control class pretest results for each aspect

As depicted in Figure 4, the average HOTS score of students in the experimental
group, particularly in the analysis indicator (C4), stands at 31%, categorizing it as
insufficient. Conversely, in the control group, the average is 41%, falling into the
sufficient category. Regarding the evaluation indicator (C5), both the experimen-
tal and control groups have average student scores of 26% and 38%, respectively,
both of which are deemed insufficient. Moving on to the creation indicator (C6), the
average score was 11% for the experimental group and 19% for the control group.
Both scores require revision. The outcomes of the descriptive analysis indicate that
the average prior knowledge score of the control group exceeds that of the experi-
mental group.

4.2 Post-test results of experimental group and control group

The outcomes of the posttest reveal the HOTS of students after their exposure to
the PBL model with e-scaffolding procedures in the experimental group, compared
to the PBL model without e-scaffolding procedures in the control group. Details
regarding the statistical results of students in both the experimental and control
groups are presented in Table 3.

Table 3. Data description of higher order thinking skills (post-test)

Group N Mean Std Dev Min Score Max Score
Experimental 31 46.77 13.51 20 70
Control 29 36.55 15.41 10 70

Based on Table 3, it is evident that the control group has a higher mean score
compared to the experimental group. Within the 0-80 range, the mean score for
the experimental group is 46.77, whereas for the control group, it is 36.55. Details
regarding the HOTS of students in both the experimental and control groups for
each aspect can be observed in Figure 5.
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Fig. 5. Experimental and control group post-test results for each aspect

Based on Figure 5, in both the experimental and control groups, it is evident that
the HOTS of students, particularly at the analysis level (C4), are classified as suffi-
cient. The mean score for students is 57% in the experimental group and 60% in the
control group. Regarding the evaluation indicator (C5), the average student score
is 60% in the experimental group and 46% in the control group, indicating a clas-
sification as sufficient for both groups. Additionally, in the creation indicator (C6),
the experimental group, with an average score of 60%, falls within the sufficient
category, whereas the control group’s 24% is deemed insufficient. The findings from
the descriptive analysis indicate that the average HOTS in the experimental group
surpasses those in the control group.

4.3 ANCOVA results

The ANCOVA test was used to analyze differences in HOTS between the experi-
mental and control groups, with the pretest serving as a covariate. The outcomes of
the ANCOVA test for both classes are presented in Table 4.

Table 4. ANCOVA test results

S T())}) g;llllail;;n il sl\é[ﬁz?e £ Sig. Etapgagg:‘ed
Corrected Model 12451.1632 2 6225.582 284.531 .000 909
Intercept 5692.569 1 5692.569 260.170 .000 820
Pretest 10885.421 1 | 10885.421 497.501 .000 897
Classes 4545.317 1 4545.317 207.737 .000 785
Error 1247170 57 21.880
Total 118700.000 60
Corrected Total 13698.333 59

Note: *R Squared =.909 (Adjusted R Squared = .906).
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Based on Table 4, the analysis of covariance resulted in an F-value of 207.737
with p = 0.000. Since p < 0.05, it can be inferred that the null hypothesis is rejected.
This rejection implies that the HOTS of the experimental group surpass those of the
control group. The observed difference is attributed to the treatment, as ANCOVA has
effectively controlled for prior knowledge statistically. The partial eta squared value
within the class category is 0.785, indicating a moderate effect size. This value indi-
cates that the influence of e-scaffolding in PBL provided to the experimental group
on HOTS is 78.5%.

5  DISCUSSION

The researcher chose the PBL model to observe its influence on students’
high-order thinking skills. As stated by [11], by using PBL, students can apply their
knowledge to real-world scenarios, which is expected to help them develop HOTS.
From the data obtained in the study, it was found that during the pretest, the average
HOTS scores of students in the control group were higher than those in the exper-
imental group. During the pretest, many mistakes were observed among students
in both the experimental and control groups. Many students needed help under-
standing the meaning of the questions. This is because students were not trained to
use HOTS. Therefore, when faced with physics questions that require these skills,
students needed assistance in solving the given problems. This result has also been
reported by [31], indicating that students’ capacity to solve HOTS problems is influ-
enced by their initial understanding. After the pretest, the experimental group was
exposed to the PBL model integrated with e-scaffolding. In contrast, the control
group underwent learning using the PBL model without e-scaffolding, while both
groups received the same material on standing waves.

The findings from this study suggest that students who participate in learning
with e-scaffolding procedures within PBL demonstrate superior HOTS compared to
students who undergo PBL without the incorporation of e-scaffolding. Procedural
e-scaffolding in PBL positively impacts students’ HOTS. Through the PBL model, stu-
dents become accustomed to actively asking questions and seeking guidance from
the facilitator. Successful PBL involves utilizing existing knowledge, encompass-
ing the essential principles of physics, and using mathematical tools. The students
comprehend the challenges outlined by the researcher, allowing them to address
them promptly. Posttests were administered to both the experimental and control
groups to assess students’ HOTS following the learning process. This served as a
reference point to evaluate the impact of e-scaffolding in PBL on enhancing stu-
dents’ HOTS. After the posttest, the average HOTS of students in the experimental
group improved. Students found themselves in a conducive learning environment
that offered opportunities for success, fostering motivation to comprehend the sub-
ject material better and seek optimal solutions to problems. A conducive environ-
ment for educational activities will enhance effective teaching and lead to improved
learning outcomes [52]. The above statement also aligns with research conducted
by [53], which revealed that problem-solving in the PBL model using HOTS can be
done by students individually or in groups (teams). This setting promotes engage-
ment and fosters a proactive approach to learning, ensuring that students actively
participate in the learning process rather than passively receiving information.
A study by [35] stated that PBL activities place students at the center of the learning
process, enhancing their understanding, skills, and knowledge.
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Procedure scaffolding in the form of questions also helps during the learning
process. Using questions makes students more focused when analyzing data and
accelerates the process of analyzing data from scientific investigations. Learning
through e-scaffolding in PBL offers convenience and fosters deep understanding for
students for the following reasons: (1) students can address problem orientations
online, making it more practical; (2) students address problem orientations individu-
ally, thereby honing their creativity and independence; (3) students are more active
in exploring and discussing the results of experiments and conclusions in various
experimental groups; and (4) students participate in both online and offline learn-
ing, enriching their insight and depth of understanding of the material. In interac-
tive classroom learning, the use of e-scaffolding provides an effective platform for
students to actively engage in collaborative tasks focused on achieving successful
problem-solving. Prompt questions for organizing investigation activities help stu-
dents become more conscious of the steps that need to be taken to ensure that they
do not impact the outcomes of scientific investigations. Hints on data analysis guide
students in analyzing data by providing clues, enabling them to draw conclusions
from experimental activities and comprehend the learned concepts more easily.
These results align with a study by [54], which found that e-scaffolding has a posi-
tive impact on reducing difficulties in students’ concept comprehension during the
implementation of PBL. It assists students in avoiding misconceptions and ensures
that their problem-solving abilities are maximized. When compared to manual scaf-
folding, the use of e-scaffolding is more flexible and effective. This occurs because
e-scaffolding can assist students in working independently, making it easier to detect
the difficulties they experience [42]. Several previous studies also demonstrate that
e-scaffolding enhances learning effectiveness and efficiency in enhancing students’
cognitive abilities [27], [45].

Challenges faced by the researcher in this study included many students exhib-
iting low curiosity, some students being disruptive during the learning process, and
others feeling initially perplexed when given questions that they found very chal-
lenging. Providing procedural scaffolding can also lengthen the work steps, which
may pose a challenge for students accustomed to quick solutions and who prefer
to avoid lengthy steps in problem-solving. As a result, students tend to focus solely
on using e-scaffolding to complete the task rather than leveraging it to comprehend
the concepts embedded in the assignment. To address these issues, the teacher took
an intensive approach with students who displayed low curiosity and guided those
who began to feel confused, ensuring that the classroom environment remained
orderly and conducive.

6  CONCLUSION

Integrating e-scaffolding procedures into PBL has the potential to enhance stu-
dents’ HOTS. The experimental group demonstrates superior higher-order thinking
skills compared to the control group. The Partial Eta Squared value in the class cat-
egory, 0.785, supports this fact. This value indicates that the impact of e-scaffolding
applied tothe experimental class on higher-order thinking skills is 78.5%. E-scaffolding
serves as an effective platform for students to actively participate in collaborative
tasks focused on efficient problem-solving, showcasing a remarkable success rate.
Therefore, it is recommended to prioritize the utilization of e-scaffolding as a funda-
mental strategy in fostering higher-order thinking skills.

112 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 9 (2024)


https://online-journals.org/index.php/i-jim

iJIM | Vol. 18 No. 9 (2024)

7

Influence of E-Scaffolding in Problem-Based Learning on Students” HOTS in Standing Wave

ACKNOWLEDGMENT

We thank the Institute for Research and Community Service (LPPM) and
Universitas Negeri Malang for funding this research through the UM non-APBN
internal fund program.

8

[10]

(11]

(12]

(13]

REFERENCES

National Education Association, “Preparing 21st century students for a global society
great public schools for every student,” Washington, DC, 2012.

S. Benjakul and N. Si, “Instructional design based on constructionism for enhanc-
ing higher-order thinking skills of learners in an online learning context,” Journal of
Educators Online, vol. 20, no. 3, pp. 1-11, 2023. https://doi.org/10.9743/JE0.2023.20.3.5

T. A. N. Hasanah, S. K. Handayanto, S. Zulaikah, and C. Yuenyong, “How are student’s
cognitive patterns viewed from higher-order thinking skills in kinematics?” Journal
of Physics: Conference Series, vol. 1567, no. 3, p. 032077, 2020. https://doi.org/10.1088/
1742-6596/1567/3/032077

L. W. Anderson and D. R. Krathwohl, A Taxonomy for Learning, Teaching, and Assessing.
New York: Longman, 2001.

OECD, PISA 2018 Results: What Students Know and Can Do. Paris: PISA, OECD Publishing,
vol. 1, 2019.

A. Halim et al, “Analysis of students’ ability in completing HOTS-based Basic Physics
questions,” Journal of Physics: Conference Series, vol. 1882, no. 1, p. 012024, 2021. https://
dol.org/10.1088/1742-6596/1882/1/012024

A. M. K Fikri, S. Sudarti, and R. D. Handayani, “Analisis Deskriptif Kemampuan Berpikir
Tingkat Tinggi (HOTS) Siswa MA Unggulan Nurul Iman Pokok Bahasan Suhu Dan
Kalor dengan Menggunakan Taksonomi Bloom,” Jurnal Pendidikan MIPA, vol. 12, no. 2,
pp. 214-219, 2022. https://doi.org/10.37630/jpm.v12i2.581

H. Z. Puspitaningrum, W. Wasis, and T. Prastowo, “High order thinking skills students
through multi-representation test on Newtons law study,” Journal of Physics: Conference
Series, vol. 1805, no. 1, p. 012010, 2021. https://doi.org/10.1088/1742-6596/1805/1/012010
S. T. Kanyesigye, ]. Uwamahoro, and I. Kemeza, “Difficulties in understanding mechani-
cal waves: Remediated by problem-based instruction,” Physical Review. Physics Education
Research,vol. 18,no. 1, pp. 1-10, 2022. https://doi.org/10.1103/PhysRevPhysEducRes.18.010140
S. A. Febriyana, W. Liliawati, and I. Kaniawati, “Identifikasi miskonsepsi dan penyebab-
nya pada materi gelombang stasioner kelas XI menggunakan five-tier diagnostic test,”
Konstan - Jurnal Fisika dan Pendidikan Fisika, vol. 5, no. 2, pp. 42-51, 2020. https://doi.
org/10.20414/konstan.v5i2.53

W. Hung and A. Amida, “Problem-based learning in college science,” in Active
Learning in College Science: The Case for Evidence-Based Practice, ]. ]. Mintzes and
E. M. Walter, Eds., Cham: Springer International Publishing, 2020, pp. 325-339. https://
doi.org/10.1007/978-3-030-33600-4_21

P. Srikan, P. Pimdee, P. Leekitchwatana, and A. Narabin, “A Problem-Based Learning
(PBL) and teaching model using a cloud-based constructivist learning environment to
enhance Thai undergraduate creative thinking and digital media skills,” International
Journal of Interactive Mobile Technologies, vol. 15, no. 22, pp. 68-83, 2021. https://doi.
org/10.3991/ijimv15i22.24963

M. P. Simanjuntak, J. Hutahaean, N. Marpaung, and D. Ramadhani, “Effectiveness of
problem-based learning combined with computer simulation on students’ problem-
solving and creative thinking skills,” International Journal of Instruction, vol. 14, no. 3,
pp- 519-534, 2021. https://doi.org/10.29333/iji.2021.14330a

International Journal of Interactive Mobile Technologies (iJIM) 113


https://online-journals.org/index.php/i-jim
https://doi.org/10.9743/JEO.2023.20.3.5
https://doi.org/10.1088/1742-6596/1567/3/032077
https://doi.org/10.1088/1742-6596/1567/3/032077
https://doi.org/10.1088/1742-6596/1882/1/012024
https://doi.org/10.1088/1742-6596/1882/1/012024
https://doi.org/10.37630/jpm.v12i2.581
https://doi.org/10.1088/1742-6596/1805/1/012010
https://doi.org/10.1103/PhysRevPhysEducRes.18.010140
https://doi.org/10.20414/konstan.v5i2.53
https://doi.org/10.20414/konstan.v5i2.53
https://doi.org/10.1007/978-3-030-33600-4_21
https://doi.org/10.1007/978-3-030-33600-4_21
https://doi.org/10.3991/ijim.v15i22.24963
https://doi.org/10.3991/ijim.v15i22.24963
https://doi.org/10.29333/iji.2021.14330a

Muslimin et al.

(14]

[15]

(16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

S. T. Kanyesigye, ]. Uwamahoro, and I. Kemeza, “The impact of problem-based learning
on students” achievement in mechanical waves in secondary schools,” Res. Sci. Educ.,
vol. 53, no. 6, pp. 1013-1033, 2023. https://doi.org/10.1007/s11165-023-10119-4

K. Syahidi and F. Fartina, “The effectiveness of problem-based learning teaching model
to increase students’ rational thinking skills,” Jurnal Pembelajaran Fisika, vol. 8, no. 1,
pp. 87-93, 2019. https://doi.org/10.23960/jpfv8.n1.202009

I. H. Wenno, J. Jamaludin, and J. R. Batlolona, “The effect of problem-based learning
model on creative and critical thinking skills in static fluid topics,” JPSI (Jurnal Pendidikan
Sains Indonesia), vol. 9, no. 3, pp. 498-511, 2021. https://doi.org/10.24815/jpsi.v9i3.20829
]J. R. Batlolona, M. Diantoro, Wartono, and E. Latifah, “Creative thinking skills students
in physics on solid material elasticity,” Journal of Turkish Science Education, vol. 16, no. 1,
pp. 48-61, 2019. http://10.12973/tused.10265a

S. Salfina, C. Nurmaliah, A. U. T. Pada, H. Hasanuddin, and A. Abdullah, “Application
of problem based learning model in integrated media animation to improve students’
science process skills,” Jurnal Penelitian Pendidikan IPA, vol. 7, pp. 266-271, 2021. https://
doi.org/10.29303/jppipa.v7iSpeciallssue.1072

P. Parno, L. Yuliati, F. M. Hermanto, and M. Alj, “A case study on comparison of high
school students’ scientific literacy competencies domain in physics with different
methods: PBL-stem education, PBL, and conventional learning,” Jurnal Pendidikan IPA
Indonesia, vol. 9, no. 2, pp. 159-168, 2020. https://doi.org/10.15294/jpii.v9i2.23894

K. D. Glazewski and C. E. Hmelo-Silver, “Scaffolding and supporting use of information
for ambitious learning practices,” Information and Learning Sciences, vol. 120, nos. 1/2,
pp. 39-58, 2019. https://doi.org/10.1108/ILS-08-2018-0087

R. Amelia, “The influence of e-scaffolding in blended learning on prospective teacher’s
scientific explanation,” Journal of Physics: Conference Series, vol. 1796, no. 1, pp. 1-10,
2021. https://doi.org/10.1088/1742-6596/1796/1/012039

N. J. Kim, B. R. Belland, and D. Axelrod, “Scaffolding for optimal challenge in k-12
problem-based learning,” Interdisciplinary Journal of Problem-Based Learning, vol. 13,
no. 1, pp. 1-24, 2019. https://doi.org/10.7771/1541-5015.1712

N.J.Kim, B. R. Belland, and A. E. Walker, “Effectiveness of computer-based scaffolding in
the context of problem-based learning for stem education: Bayesian meta-analysis,” Educ.
Psychol. Rev., vol. 30, no. 2, pp. 397-429, 2018. https://doi.org/10.1007/s10648-017-9419-1
E. Sijmkens, M. De Cock, and T. De Laet, “Scaffolding students’ use of metacognitive activ-
ities using discipline- and topic-specific reflective prompts,” Metacogn. Learn., vol. 18,
no. 3, pp. 811-843, 2023. https://doi.org/10.1007/s11409-023-09363-w

D. A. Haidar, L. Yuliati, and S. K. Handayanto, “The effect of inquiry learning with scaf-
folding on the misconception of light material among fourth-grade students,” Jurnal
Pendidikan IPA Indonesia, vol. 9, no. 4, pp. 540-553, 2020. https://doi.org/10.15294/jpii.
v9i4.22973

B. E. Dasilva et al., “Development of android-based interactive physics mobile learning
media (IPMLM) with scaffolding learning approach to improve HOTS of high school
students,” Journal for the Education of Gifted Young Scientists, vol. 7, no. 3, pp. 659-681,
2019. https://doi.org/10.17478/jegys.610377

M. I. Saman, S. Koes-H, and S. Sunaryono, “Procedural e-scaffolding in improving stu-
dents’ physics problem solving skills,” Unnes Science Education Journal, vol. 7, no. 2,
pp. 211-220, 2018. https://doi.org/10.15294/usej.v7i2.23290

S. Mahtari, M. Wati, S. Hartini, M. Misbah, and D. Dewantara, “The effectiveness of
the student worksheet with PhET simulation used scaffolding question prompt,”
Journal of Physics: Conference Series, vol. 1422, no. 1, p. 012010, 2020. https://doi.org/
10.1088/1742-6596/1422/1/012010

114 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 9 (2024)


https://online-journals.org/index.php/i-jim
https://doi.org/10.1007/s11165-023-10119-4
https://doi.org/10.23960/jpf.v8.n1.202009
https://doi.org/10.24815/jpsi.v9i3.20829
http://10.12973/tused.10265a
https://doi.org/10.29303/jppipa.v7iSpecialIssue.1072
https://doi.org/10.29303/jppipa.v7iSpecialIssue.1072
https://doi.org/10.15294/jpii.v9i2.23894
https://doi.org/10.1108/ILS-08-2018-0087
https://doi.org/10.1088/1742-6596/1796/1/012039
https://doi.org/10.7771/1541-5015.1712
https://doi.org/10.1007/s10648-017-9419-1
https://doi.org/10.1007/s11409-023-09363-w
https://doi.org/10.15294/jpii.v9i4.22973
https://doi.org/10.15294/jpii.v9i4.22973
https://doi.org/10.17478/jegys.610377
https://doi.org/10.15294/usej.v7i2.23290
https://doi.org/10.1088/1742-6596/1422/1/012010
https://doi.org/10.1088/1742-6596/1422/1/012010

iJIM | Vol. 18 No. 9 (2024)

(29]

[30]

(31]

[32]

[33]

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

Influence of E-Scaffolding in Problem-Based Learning on Students” HOTS in Standing Wave

S. Koes-H, P. Suwasono, and N. A. Pramono, “Efforts to improve problem-solving abili-
ties in physics through e-scaffolding in hybrid learning,” in AIP Conference Proceedings,
American Institute of Physics Inc., 2019, p. 030006. https://doi.org/10.1063/1.5094004
N.M. Zaid, F. S. Yaacob, N. A. Shukor, M. N. H. M. Said, A. H. Mustaa’mal, and D. Rahmatina,
“Integration of peer instruction in online social network to enhance higher order think-
ing skills,” International Journal of Interactive Mobile Technologies, vol. 12, no. 8, pp. 30-40,
2018. https://doi.org/10.3991/ijim.v12i8.9672

M. S. Omar and M. I. Awang, “The relationship between attitude and Higher Order
Thinking Skills (HOTS) among secondary school students,” Turkish Journal of Computer
and Mathematics Education, vol. 12, no. 7, pp. 82-90, 2021.

Y. B. Bhakti, R. Arthur, and Y. Supriyati, “Development of an assessment instru-
ment for critical thinking skills in Physics: A systematic literature review,” Journal of
Physics: Conference Series, vol. 2596, no. 1, p. 012067, 2023. https://doi.org/10.1088/
1742-6596/2596/1/012067

]J. Houghton, “Learning modules: Problem-based learning, blended learning and flip-
ping the classroom,” Law Teacher, vol. 57, no. 3, pp. 271-294, 2023. https://doi.org/
10.1080/03069400.2023.2208017

M. Moallem, “Effects of PBL on learning outcomes, knowledge acquisition, and
higher-order thinking skills,” in The Wiley Handbook of Problem-Based Learning, 2019,
pp- 107-133. https://doi.org/10.1002/9781119173243.ch5

R. N. Apriliasari, J. Jumadi, I. Wilujeng, and H. Kuswanto, “The effect of web-assisted
problem-based learning model towards physics problem solving ability of class X
students,” Journal of Physics: Conference Series, vol. 1233, no. 1, p. 012059, 2019. https://
doi.org/10.1088/1742-6596/1233/1/012059

Y. I Sari, S. Sumarmi, D. H. Utomo, and L. K. Astina, “The effect of problem-based learn-
ing on problem-solving and scientific writing skills,” International Journal of Instruction,
vol. 14, no. 2, pp. 11-26, 2021. https://doi.org/10.29333/iji.2021.1422a

O. S. Tan, Problem-Based Learning Innovation: Using Problems to Power Learning in the
21st Century. Singapore: Cengage Learning Asia, 2003.

R. Idsardi, “Evidence-based practices for the active learning classroom,” in Active
Learning in College Science: The Case for Evidence-Based Practice, 2020, pp. 13-25. https://
doi.org/10.1007/978-3-030-33600-4_2

Y. P. Simarmata and M. Sirait, “The effects of problem-based learning model
on problem-solving skills in the subject matter of momentum and impulses,”
Journal of Physics: Conference Series, vol. 1317, no. 1, pp. 1-6, 2019. https://doi.org/
10.1088/1742-6596/1317/1/012171

N. Nurhayati, L. Angraeni, and W. Wahyudi, “The effect of problem-based learning and
critical thinking on high order thinking ability,” EDUSAINS, vol. 11, no. 1, pp. 12-20,
2019. https://doi.org/10.15408/es.v11i1.7464

D. Wood, J. S. Bruner, and G. Ross, “The role of tutoring in problem-solving,” Journal
of Child Psychology and Psychiatry, vol. 17, no. 2, pp. 89-100, 1976. https://doi.org/
10.1111/j.1469-7610.1976.th00381.x

A. A. Saputri and I. Wilujeng, “Developing physics e-scaffolding teaching media to
increase the eleventh-grade students’ problem-solving ability and scientific attitude,”
International Journal of Environmental & Science Education, vol. 12,n0.4, pp. 729-745,2017.
R. Amelia, H. Supriyono Koes, and Muhardjito, “The influence of V diagram procedural
scaffolding in group investigation towards students with high and low prior knowledge,”
Jurnal Pendidikan IPA Indonesia, vol. 5, no. 1, pp. 109-115, 2016. http://10.15294/jpii.
v5i1.5799

International Journal of Interactive Mobile Technologies (iJIM) 115


https://online-journals.org/index.php/i-jim
https://doi.org/10.1063/1.5094004
https://doi.org/10.3991/ijim.v12i8.9672
https://doi.org/10.1088/1742-6596/2596/1/012067
https://doi.org/10.1088/1742-6596/2596/1/012067
https://doi.org/10.1080/03069400.2023.2208017
https://doi.org/10.1080/03069400.2023.2208017
https://doi.org/10.1002/9781119173243.ch5
https://doi.org/10.1088/1742-6596/1233/1/012059
https://doi.org/10.1088/1742-6596/1233/1/012059
https://doi.org/10.29333/iji.2021.1422a
https://doi.org/10.1007/978-3-030-33600-4_2
https://doi.org/10.1007/978-3-030-33600-4_2
https://doi.org/10.1088/1742-6596/1317/1/012171
https://doi.org/10.1088/1742-6596/1317/1/012171
https://doi.org/10.15408/es.v11i1.7464
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
http://10.15294/jpii.v5i1.5799
http://10.15294/jpii.v5i1.5799

Muslimin et al.

[44] K. Deejring, “The design of web-based learning model using collaborative learn-
ing techniques and a scaffolding system to enhance learners’ competency in higher
education,” Procedia Soc. Behav. Sct., vol. 116, pp. 436-441, 2014. https://doi.org/10.1016/
j.sbspro.2014.01.236

[45] E. Oktavianti, S. K. Handayanto, W. Wartono, and E. Saniso, “Students’ scientific expla-
nation in blended physics learning with E-scaffolding,” Jurnal Pendidikan IPA Indonesia,
vol. 7, no. 2, pp. 181-186, 2018. https://doi.org/10.15294/jpiiv7i2.14232

[46] R.Amelia, “Development of web e-scaffolding based on scientific explanation as teaching
materials for primary school pre-service teachers,” Al Ibtida: Jurnal Pendidikan Guru MI,
vol. 8, no. 2, pp. 144-160, 2021. https://doi.org/10.24235/al.ibtida.snj.v8i2.8253

[47] J. W. Creswell, Educational Research: Planning, Conducting, and Evaluating Quantitative
and Qualitative Research, Fifth Edition. New York: Pearson, 2015.

[48] J. B. Schreiber and K. Asner-Self, Educational Research: Interrelationship of Questions,
Sampling, Design, and Analysis. Amerika Serikat: John Wiley & Sons, Inc., 2011.

[49] L. Cohen, L. Manion, and K. Morrison, Research Methods in Education, Eight Edition.
New York: Routledge, 2018. https://doi.org/10.4324/9781315456539

[50] A.Richard, Learning to Teach, Tenth Edition. New York: McGraw-Hill Education, 2014.

[51] G. Hadiprayitno, N. Lestari, K. Kusmiyati, A. Sukri, and J. Irawan, “An analysis on
students problem-solving skill and scientific literacy based on higher order think-
ing skills (HOTS) viewed from gender,” Jurnal Penelitian Pendidikan IPA, vol. 8, no. 5,
pp. 2508-2512, 2022. https://doi.org/10.29303/jppipav8i5.2287

[52] B. Hariadi et al, “Higher order thinking skills for improved learning outcomes among
Indonesian students: A blended web mobile learning (BWML) model,” International
Journal of Interactive Mobile Technologies, vol. 15, no. 7, pp. 4-16, 2021. https://doi.org/
10.3991/ijim.v15i07.17909

[53] Nurhayati, W. Wahyudi, and L. Angraeni, “The influence of problem-based learning
model and critical thinking ability on higher order thinking skills (HOTs) of physics
prospective teachers’ students,” Journal of Physics: Conference Series, vol. 2104, no. 1,
p. 012007, 2021. https://doi.org/10.1088/1742-6596/2104/1/012007

[54] F Puspitaningsih, W. Wartono, and S. K. Handayanto, “Pengaruh PBL dengan Scaffolding
Prosedural terhadap Kemampuan Berpikir Tingkat Tinggi Ditinjau dari Kemampuan
Tinggi dan Rendah Siswa,” Jurnal Pendidikan: Teort, Penelitian, dan Pengembangan, vol. 3,
no. 7, pp. 898-902, 2018. http://dx.doi.org/10.17977/jptpp.v3i7.11333

9  AUTHORS

Miftahuljannah Muslimin is a graduate student in the Department of Physics,
Faculty of Mathematics and Natural Science at Universitas Negeri Malang, Indonesia
(E-mail: miftahuljannah.muslimin.2103218@students.um.ac.id).

Supriyono Koes Handayanto is a Senior Lecturer in the Department of Physics,
Faculty of Mathematics and Natural Science at Universitas Negeri Malang. His
research interests include physics education, technology for teaching, and learning
innovation (E-mail: supriyono.koeshandayanto.fmipa@um.ac.id).

Ismi Novita Sari is an undergraduate student in the Department of Physics,
Faculty of Mathematics and Natural Science at Universitas Negeri Malang, Indonesia
(E-mail: ismi.novita.1803216@students.um.ac.id).

116 International Journal of Interactive Mobile Technologies (iJIM) iJIM | Vol. 18 No. 9 (2024)


https://online-journals.org/index.php/i-jim
https://doi.org/10.1016/j.sbspro.2014.01.236
https://doi.org/10.1016/j.sbspro.2014.01.236
https://doi.org/10.15294/jpii.v7i2.14232
https://doi.org/10.24235/al.ibtida.snj.v8i2.8253
https://doi.org/10.4324/9781315456539
https://doi.org/10.29303/jppipa.v8i5.2287
https://doi.org/10.3991/ijim.v15i07.17909
https://doi.org/10.3991/ijim.v15i07.17909
https://doi.org/10.1088/1742-6596/2104/1/012007
http://dx.doi.org/10.17977/jptpp.v3i7.11333
mailto:miftahuljannah.muslimin.2103218@students.um.ac.id
mailto:supriyono.koeshandayanto.fmipa@um.ac.id
mailto:ismi.novita.1803216@students.um.ac.id

