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Physics Education of technologies such as PhET simulation and google sites has been
Newton’s Law proven to be significantly more effective in improving students’

evaluation and creation skills. This study concludes that the combination
of problem-based pedagogy with technological proficiency is the main
key in transforming learning from memorization into critical and
creative self discovery to face the digital era.

Introduction

High order thinking skills (HOTS) are one of the most important aspects to be developed in
students (Kosasih et al., 2022; Kurniawan et al., 2024; Derakhshan & Taghizadeh, 2025).
HOTS according to bloom's taxonomy includes the ability to analyze, evaluate, and create
solutions to complex and real-life problems. These skills are needed so that students can
compete in an increasingly rapidly evolving world, both in personal, social, and professional
lives. Education that emphasizes HOTS has a great impact in preparing a generation that is able
to face global challenges (Ragab et al., 2024; Ahmad et al., 2025; Ismeirita et al., 2025).

The importance of mastering HOTS is increasingly relevant in the context of the demographic
bonus that Indonesia is experiencing (Pisriwati et al., 2024; Danis et al., 2025; Siregar, 2025).
Based on data from the central statistics agency (BPS), in 2023 around 70.7% of Indonesia's
total population will be included in the productive age group (15—64 years). This phenomenon
is expected to last until 2040. This demographic bonus is a golden opportunity for Indonesia to
accelerate economic growth and development, but it can turn into a serious challenge if the
quality of human resources is inadequate. Without the provision of high-level thinking skills,
students risk becoming a less competitive workforce and difficult to adapt to global demands
(Rachman et al., 2022).

Despite its importance, the development of HOTS in Indonesia, especially in physics, still faces
many challenges (Mardiana, 2024; Astalini et al., 2022; Mardiana et al., 2025). Based on the
2022 PISA report from the OECD, it states that the HOTS of Indonesian students is still
relatively low, with an average score of only 19 out of 60, still far below the OECD average of
33. In addition, computer-based national assessment (ANBK) data in 2023 reveals that the
average literacy and numeracy (AKM) ability of Indonesian students is still dominated by the
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basic or capable category. This means, even though many students have a basic understanding,
they still have difficulty in dealing with HOTS questions that are part of AKM (Siregar &
Siregar, 2025; Phibeta et al., 2025; Muharram et al., 2025).

The low level of thinking ability (HOTS) of students is caused by the dominance of learning
methods that still focus on memorization rather than analysis and evaluation (Puspitasari, 2025;
Rosmawati et al., 2025; Kusumadani et al., 2025). as well as the use of technology that is still
limited and less interactive. This condition is exacerbated by constraints in the field,
particularly in physics subjects, where learners tend to feel bored, find material difficult, and
feel irrelevant, which significantly hinders their cognitive development ( Khmel & Shpyrka,
2025). Therefore, an innovative learning approach is needed that is able to shift memorization
patterns towards the development of high-level thinking skills in understanding physics
concepts in depth.

The results of the research, and stated that one of the learning models that can develop HOTS
is problem base learning (PBL) (Danis et al., 2025; Taufiqurrahman et al., 2025; Gusmiyati,
2026). PBL is very effective in encouraging students to think deeply and meaningfully,
especially when facing problems from their surroundings, because it will trigger group
collaboration to develop cognitive capacity ranging from research to solution formulation.
More so, PBL also encourages learners to process information on their own and build a
personal understanding of the social environment and the world around them, thus making it
the perfect model for developing knowledge (Okada et al., 2025; Firmansyah, 2025; Baum et
al., 2024).

In the 21st century era and the industrial revolution 5.0, teachers are required to master and
utilize technology in learning, using various technological devices, to facilitate the learning
process. The use of technology in learning is very important to develop HOTS. This
knowledge, which integrates the use of technology in learning, is known as technological
pedagogical content knowledge (TPACK), and this approach is essential to improve the quality
of learning processes and outcomes (Jibril & Adedokun-Shittu, 2024; Sihanita et al., 2024;
Thohir et al., 2022). Various studies, both in Indonesia and abroad, have researched a lot about
TPACK. Some of these are research by (Joshi, 2023) that confirms and expands understanding
of how TPACK empowers teachers to face the challenges of teaching in the digital age.

However, the existing literature suggests that research on increasing HOTS through PBL and
TPACK is often conducted separately. Previous research has generally explored how PBL is
effective in encouraging HOTS through problem-solving and teamwork. Meanwhile, studies
on TPACK have more emphasis on the role of technology integration in teachers' teaching
methods to improve the quality of learning and outcomes, including HOTS. There is a gap in
previous research, namely the lack of research that clearly examines how the combination of
PBL and TPACK can increase students' HOTS, especially in physics lessons that are often
considered difficult (Turnuklu & Yesildere, 2007).

Seeing the lack of studies that specifically integrate PBL and TPACK, this study is here to fill
this gap by investigating how the application of PBL integrated with TPACK can increase the
HOTS of students in class XI MAN 1 Jambi City on newton's legal material. The novelty of
this research lies in the integration of PBL and TPACK, which not only tests the effectiveness
of PBL, but also analyzes the role of TPACK in optimizing its implementation. Thus, this
research is expected to make a significant contribution to formulating physics learning
strategies that are more relevant and adaptive in the digital era, as well as a foothold for
curriculum development and teacher training that focuses on integrating pedagogy, content,
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and technology to produce a generation that is not only cognitively intelligent, but also ready
to face real world complexities.

Methods

This study employed a quasi experimental method using a three group pretest posttest design
to examine the effectiveness of Problem Based Learning integrated with Technological
Pedagogical Content Knowledge (TPACK) in improving students’ Higher Order Thinking
Skills (HOTS) on Newton’s Law material. The study was conducted at MAN 1 Jambi City
during the 2025 academic year.

The population consisted of all Grade XI students enrolled in physics classes at MAN 1 Jambi
City. Since the population size was relatively small, total sampling was employed. A total of
65 students participated in the study and were distributed across three existing classes. Class
XI.A, consisting of 22 students, was assigned as Experimental Group 1 and received instruction
through TPACK integrated Problem Based Learning. Class XI.B, consisting of 22 students,
served as Experimental Group 2 and received instruction through Problem Based Learning
without explicit TPACK integration. Class XI.C, consisting of 21 students, served as the
control group and was taught using conventional teacher centered instruction.

The independent variable of the study was the learning model implemented in each class, while
the dependent variable was students’ Higher Order Thinking Skills (HOTS). HOTS was
assessed according to the revised Bloom’s Taxonomy, focusing on three cognitive dimensions,
namely analyzing (C4), evaluating (C5), and creating (C6).

To measure students’ HOTS, a pretest and posttest were administered before and after the
instructional intervention. The test instrument consisted of essay and problem solving items
related to Newton’s Laws designed to assess students’ abilities in analyzing physical
phenomena, evaluating alternative solutions, and generating scientific explanations. The same
HOTS indicators were used in both the pretest and posttest to enable comparison of learning
gains across groups.

The instructional intervention was implemented during the Newton’s Law unit. In
Experimental Group 1, Problem Based Learning activities were integrated with TPACK
principles through the use of various digital learning technologies, including PhET simulations,
Google Sites, Baamboozle, and ClassDojo. These technologies were utilized to facilitate
problem exploration, concept visualization, collaborative investigation, formative assessment,
and classroom interaction. In Experimental Group 2, students engaged in Problem Based
Learning activities following the same problem solving stages but without the integration of
digital technologies. Meanwhile, students in the control group received conventional
instruction consisting primarily of teacher explanation, textbook based learning, and question
answer activities.

The collected data were analyzed quantitatively using descriptive and inferential statistics.
Descriptive statistics included the calculation of mean scores, standard deviations, variances,
minimum scores, and maximum scores for both pretest and posttest results. Prior to hypothesis
testing, assumption testing was conducted. Data normality was examined using the Shapiro
Wilk test, while homogeneity of variance was assessed through Levene’s Test. The normality
analysis indicated significance values below 0.05 in all groups, suggesting that the posttest data
were not normally distributed. Although visual inspection through Normal Q-Q Plots indicated
that the deviations from normality were not severe, the violation of the normality assumption
justified the use of nonparametric statistical procedures. The homogeneity test produced a
significance value of 0.331, indicating homogeneous variances among groups.
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Consequently, differences in HOTS achievement among the three groups were analyzed using
the Kruskal Wallis H test. When significant differences were identified, pairwise comparisons
were conducted using post hoc analysis to determine which groups differed significantly from
one another. In addition, effect size analysis was performed using Epsilon Squared (g?) to
determine the magnitude of the practical effect of the intervention. Statistical analyses were
conducted using SPSS software with a significance level of 0.05.
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Figure 1. Normal Q-Q Plot Value Distribution in Each Group
Results and Discussion
Data on Pretest and Posttest Results of Experimental and Control Classes

The data on the results of the pretest and posttest of the experimental and control classes can
be seen in table 1 below.

Table 1. Pretest and Posttest Result Data

Data Pretest Posttest

E1l E2 K E1 E2 K

Number of Students 22 22 21 22 22 21

Highest Score 60 60 50 100 90 90

Lowest Score 10 10 10 70 50 60
Average 38,86 | 31,36 | 28,57 | 90,45 | 81,36 | 79,52
Standard Deviation 14,42 | 1246 | 9,10 | 9,82 | 10,00 | 10,03
Varians 207,9 | 1552 | 82,8 | 96,43 | 100,0 | 100,6

The results of the data analysis showed that in the pretest stage, experimental group 1 had the
highest average (38.86) with the largest score variation, but after being treated at the posttest
stage, this group achieved the most optimal improvement in learning outcomes with the highest
average of 90.45 and a better level of value homogeneity (smallest standard deviation 9.82)
compared to experimental group 2 (81.36) and control group (79, 52). This shows a tendency
that the application of the PBL model integrated with TPACK has a higher effectiveness in
improving student learning outcomes compared to the use of PBL models without TPACK or
conventional methods in the context of this study.

Pretest and Posttest Results Data Based on Higher Order Thinking Skills (HOTS)
Indicators of Experiment and Control Class

The data on the results of the pretest and posttest based on HOTS indicators of the experimental
and control classes can be seen in the following table:

Table 2. Recapitulation of Average Pretest and Posttest Scores

Test Level Kognitif Total
Time C4 C5 C6 | Average
Pretest 2,73 28,18 7,95 38,86
Posttest | 17,73 | 55,00 | 17,73 90,46
916
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) Pretest 2,27 24,09 5,00 31,36
Ekperimen 2 (PBL) Posttest | 15,91 | 51,36 | 14.09 | 81.36
Control Class Pretest 2,73 20,45 4,09 27,27
(Conventional) Posttest | 15,45 | 48,18 | 12,27 75,91

The test results showed that the students' initial HOTS ability in all classes was relatively low,
but after treatment, experimental class 1 (TPACK-integrated PBL) achieved the best
performance with an average posttest of 90.46, outperforming the non-technology PBL class
(81.36) and the conventional class (75.91). Significant advantages can be seen in the indicators
of evaluating and creating, where the integration of technology effectively helps visualize
abstract concepts so that it is able to trigger students' creativity and critical thinking skills more
optimally than other learning models.

Results of Analysis of Kruskal Wallis Test Using SPSS

Before testing the hypothesis in a non-parametric manner, an overview of the distribution of
value data posttest In the three research groups, it can be seen in the following table 3.

Table 3. Descriptive Statistics

Variabel N | Mean | Std.Deviation | Minimum | Maximum
Nilai Posttest 65 | 83,85 9,952 50 100
Groups 65| 1,98 0,820 1 3

Table 3 shows that the total sample involved in this study was 65 respondents spread across
three research groups. The overall mean score for the posttest score was 83.85 with a standard
deviation of 9.952, indicating a variation in the distribution of data around the mean score. In
addition, the data shows a fairly wide range of scores with a minimum score of 50 and a
maximum score of 100. This descriptive data provides an initial foundation that there is a
diversity of student achievement before it is further tested using the kruskal wallis test to
determine the significance of differences between these groups. As the initial stage of the
Kruskal Wallis test, the average score is calculated for each group so that it can compare the
scores between the learning models, as seen in the following table 4.

Table 1. Average Posttest Score Rating

Groups N Mean Rank
PBL and TPACK 22 45,82
PBL 22 28,41
Conventional 21 24,38
Total 65

Table 4 shows a fairly significant difference in average ranking among the three study groups
with 65 respondents. The experimental group that applied the PBL and TPACK models showed
a striking advantage with the highest mean rank value of 45.82 (n=22). This value is far above
the PBL control group which has a mean rank of 28.41 (n=22) and the conventional group
which has the lowest rank of 24.38 (n=21). The high ranking scores in the PBL and TPACK
groups show that descriptively, the TPACK integrated learning model makes a greater
contribution to the achievement of students' posttest scores than the other two methods. To
test whether the difference in average rating is statistically significant, a cross wallis hypothesis
test was carried out whose results are as seen in the following table 5.
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Table 2. Statistical Test Results

Statistical Test Post Test Scores
Kruskal Valais H 18,006
df (Degree of Freedom) 2
Asymp.Sig (Significance) ,000

Table 5 shows that the Kruskal value of Wallis H is 18.006 with a freedom level of 2. The
significance value obtained was 0.000, smaller than the significance threshold of 0.05. This
shows a statistically significant difference in post-secondary scores between the three groups,
namely the experimental group, the PBL group, and the conventional group. This indicates that
the difference in average ratings seen earlier is not purely coincidental, but is related to the
variation in the treatment of the learning model applied in the context of this study.

Effect size analysis was carried out to measure the magnitude of the practical impact of the
different learning models. Based on the calculation results, the Epsilon Squared value was
obtained as 0.281. Referring to the Cohen criteria, this value is in the category of large
securities beyond the threshold of 0.26. These results show that the difference in HOTS scores
between groups is not just a theoretical difference in numbers, but has a strong and real
influence practically on the learning process in the classroom. To identify which group pairs
have significant differences, pairing comparisons are performed with the results presented in
the following table.

Tabel 6. Pairwise Comparisons

Group Comparison St:teissttic Std.Error | Sig | Adj.Sig | Conclusion
Conventional vs PBL (3-2) 4,028 5,399 ,456 | 1,000 | Insignificant

Conventional (V;_Il)?L&TPACK 21437 | 5399 |,000| ,000 | Signifikan

PBL vs PBL & TPACK (2-1) 17,409 5,336 ,001 | 1,003 Signifikan

Based on table 6, it is shown that there is a significant difference in posttest values between the
group that applied the PBL and TPACK methods and the group that applied the conventional
model (p = 0.000) and between the group that applied PBL and TPACK and the group that
applied PBL (p = 0.003). However, no significant differences were found between the group
that applied PBL and the group that applied conventional (p = 1,000). This indicates that the
use of the PBL model combined with TPACK is most effective in improving student learning
outcomes.

Based on the results of the study, the application of the PBL model integrated with TPACK in
experimental group 1 was proven to be able to significantly increase the HOTS of students.
This is evidenced by the average value posttest experimental group 1 which reached 90.45.
This value was higher than that of the experimental group 2 of 81.36 and the control group of
75.91. This proves that the integration of technology in PBL plays an important role in helping
students understand the material (Lavonen et al., 2023).

The effectiveness of this model is in line with constructivist theory which states that knowledge
is not simply received, but is built through active experience in problem solving ( Kraft-Terry
& Wiebe, 2023). In the context of PBL that is integrated with TPACK, the process of
understanding students' concepts becomes more real with the help of digital devices such as
PhET simulation and google sites. The use of this technology helps students visualize the
material better, so that the learning process becomes more meaningful (Banda & Nzabahimana,
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2023). In line with this, these findings support the TPACK framework that the integration of
technology, pedagogy, and content is capable of creating innovative learning models that go
beyond conventional methods (Promwongsai & Poonputta, 2023). This integration is clearly
seen in the evaluating indicator, which recorded the highest score of 55.00 in experimental
group 1. This achievement reinforces Anderson and Krathwohl's theory that the ability to
evaluate demands the skills of examining and criticizing in depth

The improvement in evaluation ability also penetrated into the creation indicator, where
experimental group 1 achieved a score of 17.73, better than the control group which only
reached 12.27. This ability at the C6 level is seen when students formulate strategies to achieve
certain accelerations or design free-body diagrams accurately. This proves that TPACK
integration helps students to think more critically and innovatively (Mgeladze et al., 2024).
These findings are in line with research (Baziuké et al., 2025) which states that the combination
of PBL with interactive media is able to hone complex problem-solving skills that demand
creative thinking.

The results of the Kruskal Wallis statistical test strengthened the findings of the study with a
significance value of 0.000, which means that there is a significant difference between groups.
The Highest Mean Rank in experimental group 1 (45.82) showed that the PBL model integrated
with TPACK provided better and consistent learning outcomes than other models. These results
reinforce the research (Praviesta et al., 2024) which provides quantitative evidence on the
effectiveness of TPACK's integrated PBL in improving learning outcomes compared to
conventional methods. This success is essentially driven by compatibility between PBL syntax
and proper technology support (Susilawati et al., 2025).

However, further test results on the paired comparison of the test showed that there was no
significant difference between the PBL-only group (E2) and the conventional group (K) with
a value of p = 1,000. This condition is suspected to be related to the limited duration of the
intervention, the emergence of the phenomenon Learning Culture Shock, and it is not optimal
Fidelity Implementation in the application of PBL in the field. It also indicates that without
technology integration (TPACK), the PBL model has not been able to provide a significant
difference in results compared to conventional methods. This is in line with Shulman's (1986)
theory(Nupen & Jagernath, 2024) that in the digital era, pedagogical knowledge (PK) must be
integrated with technological knowledge (TK) to produce meaningful and effective learning.

The need for this technology is reaffirmed by research (Sahidin & Prajono, 2022) about the
importance of the role of media in increasing HOTS. The significant advantage of the TPACK
group in evaluating (C5) and creating (C6) indicators indicates that the technology in this study
does not only function as a tool, but as a cognitive scaffolding. The use of PhET simulations,
for example, acts as a support that helps students overcome visualization difficulties in abstract
concepts that tend to be difficult to reach for pure PBL groups. As Scaffold, technology
provides a more 'secure' and scalable environment of inquiry, allowing learners to conduct
repeated virtual experiments to test their hypotheses independently.

This transformative support helps students overcome their cognitive barriers, so that the
evaluation and creation process can occur more optimally than in the group that only relies on
PBL instruction without technological support. In this study, the use of PhAET, baamboozle, and
classdojo simulations proved to be effective as interactive media that triggered student
activities. This shows that the success of HOTS development is highly dependent on the
accuracy of teachers in integrating technology into the content of the material or knowledge of
the content of the technology content (Yanuarto et al., 2023).
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In addition to media accuracy, student activities during learning are also an important factor in
increasing HOTS. In line with research (Khaira, 2023), active student activities are able to
create a healthy and productive learning environment. For example, the use of google sites At
the investigation stage, students are encouraged to remain focused and enthusiastic in
identifying Newton's legal concepts. This kind of active participation is a prerequisite for
achieving HOTS, because analytical and evaluation skills can only develop if learners are fully
involved in the search for solutions, rather than simply passive recipients of information
(NasirpourOsgoei & Obembe, 2025).

The effectiveness of this model is also seen in the analysis indicator which increased drastically
from a pretest score of 2.73 to 17.73 in the posttest of experimental group 1. This increase
shows the success of the stage of organizing learning tasks, where students are trained to
decipher the elements of force in the situation of inclined planes and dependent objects. In
accordance with the revised bloom taxonomy, the process of decomposing the material into
small components is greatly helped by the visualization of PPt and PhET simulation. Without
the support of technology, learners tend to have difficulty distinguishing complex information,
as experienced by the control group.

This research also supports the view that HOTS is very important to equip students to face
future challenges. The achievement of a maximum score of 100 in experimental group 1 shows
that every student, regardless of their ability background, has the potential to achieve the
highest cognitive level if supported by a learning model that is adaptive to technology. The
results of this study prove that the PBL model integrated with TPACK not only increases
grades, but also invites students to find answers directly (Tanjung et al., 2022).

The quantitative data in this study confirms that the integration of PBL and TPACK models is
an approach that is relevant to global education trends in honing 21st century competencies.
The integration between real-world problem solving processes and technological sophistication
not only turns physics learning into a challenging discovery process, but also has an impact in
the form of increasing grades as well as strengthening critical thinking and creativity that
equips students with the ability of HOTS to become independent and innovative thinkers in the
future.

Conclusion

The application of the TPACK integrated PBL model has proven to significantly increase the
HOTS of grade XI MAN 1 Jambi City students in Newton's legal material, with the highest
average posttest score (90.45) compared to the pure PBL (81.36) and conventional (75.91)
models. The use of technology such as PhET simulations and google sites is the main key in
helping visualize abstract concepts and optimize the ability to evaluate and create. The results
of the study confirm that the synergy between problem-based pedagogy and teachers'
technological proficiency is very effective in transforming memorization learning patterns into
a critical and creative process of self-discovery in the digital era. Therefore, educators are
encouraged to integrate interactive technology into the PBL syntax, supported by the provision
of facilities and continuous TPACK training by schools. Future researchers are also suggested
to employ a qualitative approach to further explore the learning process, implementation
constraints, and students' perceptions of TPACK integrated PBL.
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