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Introduction

Abstract: This study aims to develop a valid digital assessment model using
a STEM-based approach to effectively measure higher-order thinking skills
(HOTS) among prospective elementary school teachers. The research
employed a Research and Development (R&D) method, adapted from the
Borg & Gall model, involving expert validation, preliminary field testing,
and main field testing at Universitas Samudra’s Elementary Teacher
Education program. Instrument validity was examined through the Kaiser-
Meyer-Olkin (KMO) test and correlation analysis among indicators. The
results showed that the developed model achieved high validity, with
strong KMO values and significant indicator correlations, confirming its
construct soundness. Additionally, the model enabled real-time feedback,
enhancing students” conceptual understanding and application of HOTS in
STEM-related tasks. The discussion highlights how integrating technology
and STEM principles into assessment design supports more interactive and
reflective learning. The model also addressed challenges in traditional
HOTS assessment, such as lack of immediacy and contextual relevance. In
conclusion, the STEM-based HOTS digital assessment model provides an
effective and practical tool for evaluating prospective teachers' higher-order
thinking, offering significant implications for improving teacher education
and elementary classroom practices.

Keywords: Digital Assessment; HOTS; Prospective Teacher Education;
STEM,; Teacher Education.

Kim et al., 2020; Pantiwati et al., 2024; Putri & Umabh,
2020). HOTS includes critical and analytical thinking

Twenty-first-century education requires students
to not only acquire basic knowledge but also the ability
to think critically, creatively, and solve complex
problems (Arwin et al., 2024; Haryati et al., 2024; Kenedi
et al., 2019, 2025; Mat et al., 2024; Padernal & Tupas,
2024; Ramadhani et al., 2022; Zainil & Kenedji, 2022). For
this reason, Higher Order Thinking Skills (HOTS) are
very important for the younger generation to master
(Ahmad et al., 2018; Boliver et al, 2021; Gading &
Rohaeti, 2024; Haryati et al., 2024; Hasruddin et al., 2024;
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skills, as well as the ability to solve problems in a more
in-depth and applicable manner (Eliyasni et al., 2019;
Lyon et al., 2020; Pragholapati, 2021; Tanudjaya &
Doorman, 2020).

At the elementary education level, these skills are
essential for students to face increasingly complex
challenges in an ever-evolving world. One way to
support the development of HOTS in students is by
integrating the STEM  (Science, = Technology,
Engineering, and Mathematics) approach, which
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combines knowledge and skills from various disciplines
and emphasizes problem solving and creativity
(Anggaryani et al., 2022; Arwin et al., 2024; Baran et al.,
2021; Rahman et al.,, 2023; Ramadhani et al., 2023;
Trevallion & Trevallion, 2020; Triana et al., 2020). STEM
education provides opportunities to develop higher-
order thinking skills through project-based learning, the
use of technology, and collaboration between various
interrelated disciplines (Bowen et al., 2022; Dare et al.,
2021; Gading & Rohaeti, 2024; Hasan, 2024; Hasruddin
etal., 2024; Jumanto et al., 2024; Li & Oon, 2024; Maryanti
& Sartono, 2024; Muskhir et al., 2024; Setyani et al., 2024;
Zainil et al., 2023; Zainil et al., 2024). However, despite
the growing recognition of the importance of HOTS in
basic education, assessing these skills among
prospective teachers, especially in basic education, still
faces various challenges. Observations conducted at
several educational institutions in Indonesia show that
most prospective teachers are still accustomed to
assessment methods that focus more on testing factual
knowledge and basic understanding. Assessments are
often in the form of theoretical tests that emphasize
memorization and basic skills, which cannot fully
describe students' abilities in critical thinking and
solving more complex problems. In interviews with
several education administrators and lecturers in
elementary school teacher education programs, they
revealed that although the application of STEM in the
teacher education curriculum has begun to be
implemented, the evaluation and assessment of
students' HOTS in the context of STEM is still very
limited. Much of the teaching focuses on knowledge
alone, without providing sufficient space for developing
higher-order thinking skills. This fact shows that the
current assessment system is inadequate for measuring
HOTS in the context of STEM-based learning, and there
is still a significant need to develop more effective
assessment models.

One of the main issues faced in HOTS assessment is
the limitation of existing assessment tools. Traditional
HOTS assessments, such as multiple-choice or essay
exams, cannot optimally assess the critical thinking and
problem-solving skills required in STEM. Many existing
assessment instruments are still simple and focus more
on basic knowledge aspects, rather than the ability to
apply knowledge in more complex situations. This case
is a major problem, especially in preparing prospective
teachers who can measure and develop their students'
HOTS. In addition, many assessments are done
manually, which is time-consuming and often not
objective. With the development of digital technology,
there is great potential to develop more efficient,
objective assessment models that can provide more in-
depth feedback. However, even though technology can
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offer solutions in terms of efficiency and reliability,
implementing digital assessments to measure HOTS in
the STEM framework for prospective elementary school
teachers is still rare. Many existing digital assessment
models focus more on testing basic knowledge than
higher-order thinking skills.

Several previous studies have explored the use of
digital assessment models in education; however, most
of them have been limited to higher levels of education
or focused on specific subject areas. For instance, Colley
(2020) developed a digital assessment tool to measure
HOTS among high school students within a STEM
context. Their findings demonstrated that digital
assessments could enhance the effectiveness of
evaluating higher-order thinking skills. However, their
study did not focus on teacher education— particularly
not on prospective elementary school teachers—and did
not fully integrate the STEM approach into the
assessment design. Meanwhile, Harris & Jones (2019)
designed a technology-based assessment model within
teacher education. While their research contributed to
the application of digital tools in educational
assessment, it did not specifically address the
measurement of HOTS, nor did it connect the
assessment design with STEM-based learning in
elementary education. These studies suggest that,
although there has been considerable work on digital
assessments and HOTS, no prior research has
specifically developed a digital assessment model that
integrates the STEM approach and directly targets the
measurement of HOTS in prospective elementary school
teachers.

The novelty of this study lies in the development of
a digital assessment model specifically designed to
measure higher-order thinking skills (HOTS) within a
STEM learning framework for prospective elementary
school teachers. The model uniquely combines HOTS
indicators with interdisciplinary STEM content and
leverages interactive digital technology to deliver real-
time feedback — features not found in prior models. This
research is crucial because assessment plays a central
role in shaping the learning process, particularly in
fostering and measuring HOTS, which are emphasized
in 21st-century learning and in curriculum reforms such
as Indonesia’s Merdeka Curriculum. The lack of valid,
relevant, and contextually appropriate assessment tools
for elementary teacher education poses a risk of
disconnect between curriculum objectives and
classroom practices. Moreover, the integration of digital
technology in assessment is essential to address
demands for efficiency, objectivity, and timely feedback
in modern teacher education.

The assessment model developed in this study aims
to solve the problems prospective teachers face in

112



Jurnal Penelitian Pendidikan IPA (JPPIPA)

assessing HOTS. This digital assessment is designed not
only to measure students' basic knowledge and their
ability to think critically, solve problems, and apply
knowledge in real-world contexts. Thus, this research
has a significant contribution in preparing prospective
elementary school teachers who not only master theory
but are also able to assess and develop higher-order
thinking skills in their students using the right
technology. This research aims to present a valid and
effective model that can be applied in teacher education,
improving the overall quality of basic education.

Through this research, an assessment model can be
created that is relevant to current needs and innovative
in supporting the development of HOTS for prospective
elementary school teachers. This research is expected to
make a real contribution to advancing basic education
by equipping prospective teachers with the tools and
skills necessary to produce a future generation that not
only master’s knowledge but also has the thinking skills
needed to face the challenges of an increasingly complex
world.

Method

This research uses the R&D method to develop a
digital assessment model that measures Higher Order
Thinking Skills (HOTS) in STEM-based learning for
prospective elementary school teachers. The stages of
the development process are illustrated in the following
figure.
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Figure 1. The stages of the development process
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The process involves ten stages: first, research and
information gathering to identify problems in the field
through observation and interviews, and second,
planning the design of assessment instruments that
focus on HOTS skills. Third, developing an initial
product in the form of a digital assessment model
prototype. Fourth, an initial field trial to identify
shortcomings. Fifth, the main product should be revised
based on the trial results. Sixth, a main field trial on a
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larger sample to test the model's effectiveness. Seventh,
the operational product will be revised after the main
trial is evaluated. Eighth, operational field trials will be
conducted to assess the feasibility and effectiveness of
the model in the real field. Ninth, the final product will
be revised based on the results of the operational trial.
Finally, the refined assessment model will be
disseminated and implemented to relevant parties for
wider use.

Place and Time of Research

This research was conducted at Samudra
University's Primary School Teacher Education Study
Program (PGSD), located in Langsa City, Aceh. It will
last six months, with the stages divided as follows: three
months for model development, two months for initial
field testing, and one month for main field testing and
model revision.

Research Sample

The sample in this study consisted of prospective
elementary school teachers studying at the PGSD
program at Samudra University. The sample was
selected using purposive sampling, namely the selection
of students directly involved in the STEM learning
process and HOTS assessment. This sample was selected
because they would be the main users of the assessment
model developed and could provide the necessary
feedback to refine the model. The number of samples in
the initial field test was 30 students, while in the main
field test, the number would increase to 100 students.

Data Collection and Analysis Techniques

The data collection technique in this study involved
using a questionnaire to be filled out by prospective
teacher students after using the digital assessment
model. This questionnaire contained questions related to
the assessment model's effectiveness and ease of use, as
well as the suitability of the model in measuring HOTS
in the context of STEM. The data obtained from this
questionnaire will be analyzed using descriptive
statistics to describe the responses and feedback from
users regarding the developed assessment model. In
addition, data from interviews with experts and users
will also be analyzed qualitatively to gain deeper
insights into aspects that need to be improved in the
assessment model.

Research Instruments
The instruments used in this study include a digital
assessment rubric designed to assess HOTS in
prospective teachers and a validation questionnaire
used to collect data from experts and users. Two experts
in education and learning technology validated these
instruments to ensure that the measuring tools used are
113
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valid and reliable. Based on the validation results, the
assessment instruments are confirmed to have high
validity, with a reliability coefficient value of more than
0.85, which indicates a good level of reliability.

Result and Discussion

Result
The research results are presented based on the main
stages of the research, namely:

Research and Information Collection

In the information gathering stage, the researcher
identified problems through interviews with lecturers
and administrators of the PGSD study program at
Samudra University. These interviews aimed to
determine the HOTS assessment practices that had been
implemented in the learning process in the study
program. From the interview results, it was found that
although there was teaching about STEM and HOTS,
there was no structured and well-integrated assessment
model that effectively measured higher-order thinking
skills. In addition, classroom observations showed that
HOTS evaluations were still more oriented towards
knowledge-based assessment, with little or no
monitoring of the application of critical thinking or
problem-solving skills.

The researchers also collected documents related to
learning planning and semester program plans (RPS)
that refer to curriculum standards. The results of the
document analysis showed that although STEM is an
important part of the curriculum, HOTS assessment in
these courses has not been fully integrated with
technology that can provide direct and detailed
assessment.

Planning

Based on the results of this information gathering,
the researchers carried out planning by designing a
digital assessment model that measures HOTS in the
context of STEM learning. The design of this model
prioritizes the measurement of higher-order thinking
skills through digital-based assessment instruments that
can provide real-time feedback. In this stage, the
researcher wused literature on HOTS and STEM
assessment to develop assessment concepts and
indicators relevant to the needs of prospective
elementary school teachers.

The digital assessment model developed includes
several main components:
Assessment Rubric

This rubric measures higher-order thinking skills
through various STEM-related tasks, such as science-
based problem solving, technological experiments, and
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engineering tasks that require in-depth analysis and
creativity.
Project-Based Tasks

This model is designed to integrate STEM-based
projects that allow prospective teachers to collaborate in
solving real-world problems. These tasks are designed
to measure their ability to plan, develop, and evaluate
innovative solutions.

Technology-Based Digital Assessment

An application- or platform-based assessment
system that allows students to collect data and complete
assignments online. This technology also provides real-
time automatic feedback and can provide in-depth
analysis of students' HOTS skill development. These
components will be developed during the model
development stage.

Develop preliminary form of product

At this stage, researchers developed a digital
assessment model designed to measure Higher Order
Thinking Skills (HOTS) in the context of STEM-based
learning for prospective elementary school teachers.
This assessment model aims to provide a more efficient,
objective, and technology-integrated measurement tool
to assess higher-order thinking skills, such as critical
thinking, creativity, and problem-solving abilities. To
develop appropriate assessment indicators, researchers
conducted a series of Focus Group Discussions (FGDs)
involving PGSD lecturers from Samudra University,
STEM education experts, and other teaching staff with
experience in HOTS assessment. The first FGD produced
18 HOTS indicators relevant to STEM-based assessment,
such as problem solving, data analysis, teamwork, and
creativity in the context of science and technology.

The validation of the STEM-based digital HOTS
assessment model was conducted in two stages
involving three experts Dr. Asnawi, M.Pd [1], Dr. Melva
Zainil, M.Pd [2] and Prof. Syafri Ahmad, Ph.D [3]. The
results are as follows Table 1.

Based on Table 1, the results of the first stage of
validation show that most components of the STEM-
based HOTS digital assessment model are still in the
moderately valid (C) category, with several aspects that
need improvement, such as STEM-based Project
Assignments, HOTS Assessment Rubrics, and HOTS
Test Instruments. Based on input from experts, revisions
were made to these elements, such as adding team
collaboration elements to the project, clarifying the
assessment rubric descriptors, and ensuring that the
HOTS test instruments covered all relevant aspects.
After the revision, the results of the second stage of
validation showed an improvement in the quality of the
model, with all components reaching the B (Valid)

category and two components, namely the HOTS Digital
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Assessment Model and the Digital Assessment Platform,
successfully moving up to the A (Highly Valid) category.

Table 1. Results of Validation Stages 1 and 2

October 2025, Volume 11, Issue 10, 111-120

Thus, this model was declared valid and ready for
further testing.

Validated Components Validation Score for

Validation Score for

Validation Category ~Dominant Validator

Stage 1 Stage 2

HOTS Digital Assessment 75 85 A (Highly valid) [1]
Model

STEM-Based Project 38 48 B (Valid) [2]
Assignment

HOTS Assessment Rubric 27 35 B (Valid) [3]
Digital Assessment Platform 33 42 A (Highly valid) [1]
Student Observation Sheet 29 33 B (Valid) [2]
HOTS Test Instrument 40 50 B (Valid) [3]
Implementation Guide 30 40 B (Valid) [1]

Preliminary Field Testing and Main Product Revision

The results of the initial field trial for the STEM-
based HOTS digital assessment model were conducted
at PGSD Universitas Samudra, involving 30 prospective
elementary school teachers. This trial aimed to identify

Table 2. Initial Field Test Results

the effectiveness of the model in measuring higher-order
thinking skills (HOTS) in the context of STEM-based
learning. Based on the results of factor analysis, the
following are the results of the initial field trial.

Validated Components KMO Value Effective Variance Correlation Coefficient Description
Digital HOTS assessment Model 0.84 75 0.84 Significant
STEM-Based project Assignments 0.79 70 0.76 Significant
HOTS Assessment rubric 0.78 65 0.73 Significant
digital Assessment platform 0.81 80 0.81 Significant
student Observation sheet 0.76 72 0.74 Significant
HOTS test instrument 0.81 78 0.79 Significant
Implementation guide 0.77 74 0.78 Significant

Based on Table 2, the test results show that the
KMO values for all assessment components are at a
significant level, indicating that the use of factor analysis
is very appropriate for measuring indicator suitability.
Each assessment component contributes effectively to
the model, with the Digital Assessment Platform and
HOTS Test Instrument showing strong contributions.
The correlation coefficients between indicators also
show positive and significant relationships, meaning
that these indicators support each other in effectively
measuring higher-order thinking skills.

Based on the test results, several revisions were
made to improve the quality and effectiveness of the
developed assessment model. First, team collaboration
elements were added to the STEM-based project tasks,
and the level of task complexity was increased to better
reflect real-world problem-solving scenarios. Second,
the level descriptors in the HOTS assessment rubric
were clarified to ensure more accurate and consistent
evaluation of student performance. Third, the HOTS test
instrument was enriched with more comprehensive and
challenging questions to enhance its ability to measure
higher-order thinking skills effectively. Lastly, the
implementation guide was refined by providing clearer

instructions on the use of technology within the digital
assessment platform, ensuring that users can navigate
and apply the model with ease.

Main Field Testing

The results of the main field trial for the STEM-
based HOTS digital assessment model were conducted
in the Primary School Teacher Education Study Program
at Samudra University. This trial aimed to test the
effectiveness of the assessment model in a real-world
context, involving testing on a larger and more
representative group. Based on the results of factor
analysis, the following are the results of the main field
trial showing the KMO value, effective contribution, and
correlation coefficient between indicators used in the
HOTS digital assessment model.

Based on Table 3, the main field test results show
that the KMO values for all components are in the
significant category, indicating that the indicators in the
HOTS digital assessment model are highly relevant and
contribute strongly to the measured factors. Each
component shows a high effective contribution, and the
correlation coefficient between indicators shows a
strong and significant relationship with one another.
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This indicates that the indicators in the model support
each other in measuring higher-order thinking skills.

Table 3. Main Field Trial Results

October 2025, Volume 11, Issue 10, 111-120

Validated Components KMO Value Effective Contribution = Correlation Coefficient Description
Digital HOTS assessment Model 0.73 75 0.81 Significant
STEM-Based project Assignments 0.73 76 0.81 Significant
HOTS Assessment rubric 0.79 79 0.83 Significant
digital Assessment platform 0.80 80 0.83 Significant
student Observation sheet 0.78 78 0.82 Significant
HOTS test instrument 0.78 75 0.81 Significant
Implementation guide 0.78 74 0.80 Significant

The results of the main field test for the STEM-
based HOTS digital assessment model conducted in the
Primary School Teacher Education Study Program at
Samudra University indicate that this model is very
effective in measuring higher-order thinking skills in
prospective primary school teachers. Based on the factor
analysis used to measure the effectiveness of the model,
several main components show significant results. The
KMO values for all assessment components were in the
significant category, indicating that the factor analysis
used to measure the suitability of the indicators in this
model was very appropriate. Components with high
KMO values, such as the Digital Assessment Platform
and HOTS Assessment Rubric, with values of 0.809 and
0.790, respectively, show a very strong contribution to
the overall assessment model.

Meanwhile, the effective contribution of each
component shows that all elements of the model
contribute significantly to the HOTS assessment
variable. Components such as the Digital Assessment
Platform and HOTS Assessment Rubric have a very
significant contribution, with scores of 80% and 79%
respectively. These figures show that these components
are very effective in measuring HOTS, while other
components such as the HOTS Test Instrument and
STEM-Based Project Assignments also make a
significant contribution with a contribution of around
75%-78%. In addition, the correlation coefficients
between indicators in each assessment component show
a strong and significant relationship. For example, the
Digital Assessment Platform has a correlation coefficient
of 0.836, while the HOTS Assessment Rubric shows a
correlation coefficient of 0.830. These values indicate that
the indicators in these components support each other
well and are relevant in measuring higher-order
thinking skills.

Overall, the main field test results show that this
STEM-based HOTS digital assessment model is highly
effective in measuring HOTS skills in prospective
elementary school teachers. With these results, the
model is declared highly effective and ready to proceed
to the next stage of implementation.

Discussion

The main field test results show that the developed
STEM-based HOTS digital assessment model is effective
in measuring the higher-order thinking skills of
prospective elementary school teachers. Factor analysis
shows significant KMO values for all components, with
the highest values in the Digital Assessment Platform
(0.809) and the HOTS Assessment Rubric (0.790). The
effective contribution of each component was also high,
reaching 80% and 79%, and the correlation coefficient
between indicators was above 0.8, indicating a strong
relationship between indicators in this model. These
findings show that the developed model is not only
efficient but also provides excellent results in measuring
HOTS skills in prospective elementary school teachers.

This study contributes to the development of a
technology-based assessment model that measures
HOTS, which has not been widely done at the higher
education level for prospective teachers. Previous
studies, show that digital literacy affects teachers' ability
to develop HOTS-based assessments, which is in line
with these findings (Llamas-Nistal et al., 2013). This
study expands on this concept by developing a digital
platform that can improve the effectiveness of HOTS
assessment in prospective teacher students. In addition,
research by Mariana & Kristanto (2023), which
developed a HOTS and STEM-based assessment model,
also provides a strong basis for this study, but differs in
that this study focuses on the education of prospective
elementary school teachers and the integration of
platform-based digital assessment.

Parmiti et al. (2022) also examined teachers'
perceptions of the application of HOTS in science
education. This study adds a new dimension by
developing a digital assessment model that can be
practically implemented in the context of higher
education for prospective teachers. Similarly, the study
by Hamzah et al. (2022), which emphasizes the
importance of HOTS assessment in science education,
adds a new element by developing a model that can be
used in higher education for prospective teachers. Kim
et al. (2020), who researched the use of computer-based
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scaffolding to improve higher-order thinking skills
through problem-based learning, also supports the
technology-based approach in this study, although it
adapts it for HOTS assessment in the context of
prospective teachers (Kwangmuang et al., 2021).

A comparison with previous studies shows that
although previous approaches also developed HOTS
assessment models, none specifically integrated STEM
with digital assessment that could be wused by
prospective elementary school teachers. This study fills
that gap by developing an assessment model that not
only assesses higher-order thinking skills but also
prepares prospective teachers to teach those skills using
technology in the future.

A key strength of this study is the use of a digital
platform that allows HOTS assessment to be conducted
efficiently and provides real-time feedback, which is
particularly important in the context of teacher
education. In addition, this model integrates a STEM
approach into assessment, which is not only relevant to
science-based learning but also provides more holistic
skills for 2l1st-century education. Unlike previous
studies, this model focuses on prospective elementary
school teachers and supports more advanced
technology-based teaching and assessment.

The implication of this study for elementary school
teacher education is that the assessment model
developed can be an effective tool for measuring HOTS
skills in prospective teacher students. By using a digital
platform, students can obtain faster and more accurate
feedback, which in turn helps them to develop higher-
order thinking skills that will be applied in their teaching
in elementary schools (Asnawi et al., 2025; Lam et al,,
2024; Nassereddine & Nassreddine, 2024; Padernal &
Tupas, 2024; Sumarlin et al., 2024; Veven et al., 2024).
This model can also be used to improve the quality of
assessment in higher education, particularly in teacher
education, by integrating technology and STEM in the
evaluation of HOTS skills. More importantly, this model
prepares prospective teachers to teach higher-order
thinking skills to their students in a more structured and
technology-based manner

Conclusion

This study successfully developed and validated a
STEM-based digital assessment model to measure
higher-order thinking skills (HOTS) among prospective
elementary school teachers. The model demonstrated
high validity, as indicated by KMO values above 0.80
and strong correlation coefficients between indicators.
Key components, such as the HOTS assessment rubric
and the digital assessment platform, contributed
significantly to the model’s effectiveness in evaluating
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critical thinking, creativity, and problem-solving skills.
Compared to previous studies, this research presents a
unique contribution by integrating interdisciplinary
STEM content with real-time digital feedback,
specifically designed for teacher education. This
integration not only enhances the objectivity and
efficiency of assessment but also aligns with 21st-
century learning demands and the implementation of
the Merdeka Curriculum in Indonesia.

The findings can be generalized to similar educational
contexts where digital tools and STEM-based learning
are being adopted, particularly in teacher training
programs. As a practical implication, the model can
serve as a reliable tool for teacher educators to assess and
improve prospective teachers’ ability to foster HOTS in
their future students. Furthermore, schools and teacher
education institutions may adopt this model to
strengthen the quality of assessment practices and better
prepare teachers to face the complexities of modern
classroomes.

Acknowledgments

We would like to express our deepest gratitude to Universitas
Samudra y for its tremendous support in funding this research
through the Research Group with contract number
115/UNb54.6/PT.01.03/2025. Without the assistance and
facilities provided, this research would not have been possible.
We also appreciate the commitment and contribution of the
university, which has provided the opportunity to conduct this
research, , which is expected to provide significant benefits for
the development of education, particularly in the field of
STEM-based HOTS assessment for prospective elementary
school teachers.

Author Contributions

Conceptualization, D.R. and A KK, methodology, AKK,;
software, ML.F.R,; validation, D.R., A.K.K., and H.H.; formal
analysis, M.F.R.; investigation, D.R.; resources, A KK, data
curation, H.H.,; writing—original draft preparation, D.R.;
writing—review and editing, AKK,; visualization, A.M,;
supervision, A.K.K.; project administration, A K.K.; funding
acquisition, A.M. All authors have read and agreed to the
published version of the manuscript.

Funding

This research was funded by Samudra University through the
Research Group with contract number
115/UN54.6/PT.01.03/2025. We would like to express our
deepest gratitude to Samudra University for its tremendous
support in funding this research. Without the assistance and
facilities provided, this research would not have been possible.
We also appreciate the commitment and contribution of the
university, which has provided the opportunity to conduct this
research, which is expected to provide significant benefits for
the development of education, particularly in the field of
STEM-based HOTS assessment for prospective elementary
school teachers.

117



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Conflicts of Interest
The authors declare no conflict of interest.

References

Ahmad, S., Prahmana, R. C. I., Kenedi, A. K., Helsa, Y.,
Arianil, Y., & Zainil, M. (2018). The instruments of
higher order thinking skills. Journal of Physics:
Conference Series, 943(1), 12053.
https://doi.org/10.1088/1742-
6596,/943/1/012053

Anggaryani, M., Prastowo, T., Suprapto, N., Lassa, J.,
Madlazim, L., A., A., & Lestari, N. A. (2022). STEM-
DRR: Potential Strategy for Increasing Awareness
of Disaster Risks. AIP Conference Proceedings, 2542.
https:/ /doi.org/10.1063/5.0103203

Arwin, A., Kenedi, A. K., Anita, Y., Hamimah, C. H,, &
Zainil, M. (2024). STEM-based digital disaster
learning model for disaster adaptation ability of
elementary school students. International Journal of
Evaluation and Research in Education ISSN, 13(5),
3248-3259.
https://doi.org/10.11591/ijere.v13i5.29616

Asnawi, K, K, A., Sahudra, T. M., Ramadhani, D.,
Fransyaigu, R., Mardin, A., & Arwin. (2025).
Ethnosocial-Based Differentiated Digital Learning
Model to Enhance Nationalistic Insight. Open
Education Studies, 7(1), 20250062.
https:/ /doi.org/10.1515/ edu-2025-0062

Baran, M., Baran, M., Karakoyun, F., & Maskan, A.
(2021). The influence of project-based STEM (PjbL-
STEM) applications on the development of 21st
century skills. Journal of Turkish Science Education,
18(4), 798-815.
https://doi.org/10.36681/tused.2021.104

Boliver, V., Gorard, S., & Siddiqui, N. (2021). Using
contextual data to widen access to higher
education. Perspectives: Policy and Practice in Higher
Education, 25(1), 7-13.
https:/ /doi.org/10.1080/13603108.2019.1678076

Bowen, C. L., Heubach, S., & Dong, J. J. (2022). Eco-STEM
Tools: Changing the Culture of Teaching and
Learning in STEM. 2022 IEEE Frontiers in Education
Conference, 1-5.
https://doi.org/10.1109/FIE56618.2022.9962426

Colley, J. M. (2020). The development and assessment of
STEM skills in Australian high schools [Doctoral
Dissertation: The Australian National University
(Australia)]. Retrieved from
https:/ /shorturl.asia/KiYCL

Dare, E. A, Keratithamkul, K., Hiwatig, B. M., & Li, F.
(2021). Beyond content: The role of stem
disciplines, real-world problems, 21st century
skills, and stem careers within science teachers’
conceptions of integrated stem education.

October 2025, Volume 11, Issue 10, 111-120

Education Sciences,
https:/ /doi.org/10.3390/educscil1110737
Eliyasni, R., Kenedi, A. K., & Sayer, I. M. (2019). Blended
learning and project based learning: the method to
improve students’ higher order thinking skill
(HOTS. Jurnal Igra’: Kajian Ilmu Pendidikan, 4(2),
231-248. https:/ /doi.org/10.25217 /ji.v4i2.549
Gading, R. M. A. D. P, & Rohaeti, E. (2024). Developing
an Instrument for Scientific Attitude Assessment In
Learning Chemistry. Jurnal Penelitian Pendidikan
IPA, 10(3), 1039-1047.
https://doi.org/10.29303/jppipa.v10i3.6669
Hamzah, H., Hamzah, M. I, & Zulkifli, H. (2022).
Systematic Literature Review on the Elements of
Metacognition-Based Higher Order Thinking
Skills (HOTS) Teaching and Learning Modules.
Sustainability (Switzerland, 14(2).
https://doi.org/10.3390/su14020813
Harris, A., & Jones, M. (2019). Leading professional
learning with impact. In School Leadership \
Management, ~ 39(1). Taylor &  Francis.
https:/ /doi.org/10.1080/13632434.2018.1530892
Haryati, T., Rusdi, M., Asyhar, R., Hadisaputra, S., &
Hasibuan, M. H. E. (2024). The Effect of Scaffolding
and Creative Thinking Skills in an Acid and Base
Learning Project on Students’ Science Process
Skills. Jurnal Penelitian Pendidikan IPA, 10(3), 1083~
1092. https:/ /doi.org/10.29303 /jppipa.v10i3.4674
Hasan, A. M. (2024). The Use of Inquiry Learning Model
on Plant Growth and Development Material to
Improve Students” Science Process Skills. Jurnal
Penelitian  Pendidikan ~ IPA, 10(3), 982-990.
https://doi.org/10.29303/jppipa.v10i3.4874
Hasruddin, H., Aryeni, A., Rezeqi, S., & Hartono, A.
(2024). Students” Pedagogic Literacy Skills Based
on Textbook Development Teaching Strategies in
Biology. Jurnal Penelitian Pendidikan IPA, 10(3),
1056-1062.
https:/ /doi.org/10.29303 /jppipa.v10i3.7168
Jumanto, J., Sa’Ud, U. S, & Sopandi, W. (2024).
Development of IPAS Teaching Materials with the
RADEC Model Based on Metacognitive Strategies
to Enhance Critical and Creative Thinking Skills of
Elementary School Students. Jurnal Penelitian
Pendidikan IPA, 10(3), 1000-1008.
https:/ /doi.org/10.29303 /jppipa.v10i3.7010
Kenedi, A. K., Ahmad, S., Ayu Ningrum, T., & Helsa, Y.
(2019). The Mathematical Connection Ability of
Elementary School Students in the 4.0 Industrial
Revolution Era. International Journal of Innovation,
Creativity and Change, 5(5), 458-472. Retrieved from
https:/ /www ijicc.net/images/vol5iss5/Part_2/5
5209_Kenedi_2020_E_R.pdf
Kenedi, A. K., Sujarwo, F., M., F., & Purnomo, Y. W.

11(11).

118



Jurnal Penelitian Pendidikan IPA (JPPIPA)

(2025). Utilization of digital technology-based
learning on computational thinking ability of
elementary school students: A Meta-analysis
study. Educational Technology and Society, 28(1), 18-
38. https:/ /doi.org/10.30191/ETS.202501_28(1)
Kim, H.J.,, Yi, P., & Hong, J. I. (2020). Students” Academic
Use of Mobile Technology and Higher-Order
Thinking Skills: The Role of Active Engagement.
Education Sciences, 10(3), 47.
https:/ /doi.org/10.3390/educsci10030047
Kwangmuang, P., Jarutkamolpong, S., Sangboonraung,
W., & Daungtod, S. (2021). The development of
learning innovation to enhance higher order
thinking skills for students in Thailand junior high
schools. Heliyon, 7(6).
https:/ /doi.org/10.1016/j.heliyon.2021.e07309
Lam, L., Lien, V. P.,, Hung, L. T., & Vy, N. T. P. (2024).
Impact of professional development activities on

teachers” formative  assessment  practices.
International Journal of Evaluation and Research in
Education (IJERE), 13(5), 3028.

https://doi.org/10.11591 /ijere.v13i5.29588

Li, Z, & Oon, P. T. (2024). The transfer effect of
computational thinking (CT)-STEM: a systematic
literature review and meta-analysis. International
Journal  of STEM  Education, 11(1), 44.
https:/ /doi.org/10.1186/s40594-024-00498-z

Llamas-Nistal, M., Ferndndez-Iglesias, M. ]J., Gonzélez-
Tato, J., & Mikic-Fonte, F. A. (2013). Blended e-
assessment: Migrating classical exams to the digital
world. Computers and Education, 62, 72-87.
https:/ /doi.org/10.1016/j.compedu.2012.10.021

Lyon, J. A.,, Magana, J., & A. (2020). Computational
thinking in higher education: A review of the
literature. Computer Applications in Engineering
Education, 28(5), 1174-1189.
https://doi.org/10.1002/ cae.22295

Mariana, E. P., & Kristanto, Y. D. (2023). Integrating
STEAM Education and Computational Thinking:
Analysis of Students” Critical and Creative
Thinking Skills in an Innovative Teaching and
Learning. Southeast Asian Mathematics Education
Journal, 13(1), 1-18.
https://doi.org/10.46517 /seamej.v13i1.241

Maryanti, N., & Sartono, E. K. E. (2024). The Influence of
Differentiated Learning Strategies by Paying
Attention to Different Learning Styles of Students
to Improve Science Learning Outcomes. Jurnal
Penelitian  Pendidikan IPA, 10(12), 9991-10000.
https:/ /doi.org/10.29303 /jppipa.v10i12.8982

Mat, H.,, Mustakim, S. S., Razali, F.,, Ghazali, N., &
Minghat, A. D. (2024). Effectiveness of digital
learning on students” higher order thinking skills.
International Journal of Evaluation and Research in

October 2025, Volume 11, Issue 10, 111-120
Education (IJERE), 13(5), 2817.
https://doi.org/10.11591/ijere.v13i5.29449
Muskhir, M., Zakaria, Z., & Luthfi, A. (2024). Enhancing
Learning Outcomes in Applied Physics Through
Web-Based Simulation Media. Jurnal Penelitian
Pendidikan IPA, 10(12), 9945-9955.
https:/ /doi.org/10.29303 /jppipa.v10i12.9281
Nassereddine, M., & Nassreddine, G. (2024). The impact
of continuous professional development activities
on student learning outcomes and employability.
International Journal of Evaluation and Research in
Education (IJERE), 13(5), 2971.
https://doi.org/10.11591/ijere.v13i5.29400
Padernal, R. E., & Tupas, S. V. (2024). First-year students’
mathematical skills: assessing and developing an
innovative strategy for teaching mathematics.
International Journal of Evaluation and Research in
Education (IJERE), 13(5), 2890.
https://doi.org/10.11591/ijere.v13i5.29182
Pantiwati, Y., Permana, F. H., Aminudin, A,
Nurrohman, E., & Sari, T. N. I (2024).
Representation of the use of Media and Teaching
Materials in Science Learning for Junior High
School Students. Jurnal Penelitian Pendidikan IPA,
10(3), 1075-1082.
https:/ /doi.org/10.29303 /jppipa.v10i3.6168
Parmiti, D. P., Antara, I. G. W. S., & Wulandarij, I. G. A.
A. M. (2022). The Effectiveness of E-Scrapbook
Media Containing HOTS Questions on Science
Learning Outcomes of Elementary School
Students. Journal of Education Research and
Evaluation, 6(3), 484-491.
https:/ /doi.org/10.23887 /jere.v6i3.52078
Pragholapati, A. (2021). The Covid-19 Pandemic: Higher
Education Generation Alpha 5.0. Studies in
Philosophy of Science and Education, 2(1), 1-2.
https:/ /doi.org/10.46627 /sipose.v2i1.57
Putri, W. T. A., & Umah, R. Y. H. (2020). The Improving
Of Higher-Order Thinking Skills As Information
Filter For Alpha Generation. Al-Bidayah: Jurnal
Pendidikan Dasar  Islam, 12(1), 125-138.
https://doi.org/10.14421/al-bidayah.v12i1.341
Rahman, A., Suharyat, Y., Santosa, T. A., Abdullah, E., &
Rizal, P. (2023). E-learning and higher order
thinking: Impact of STEM-based approach.
Psychology, Evaluation, and Technology in Educational
Research, 6(1).
https:/ /doi.org/10.33292/ petier.v6i1.173
Ramadhani, D. Kenedi, A. K., Rafli M. F., &
Handrianto, C. (2022). Advancement of STEM-
based digital module to enhance HOTS of
prospective elementary school teachers. Jurnal
Pendidikan Progresif, 12(2), 981-993.
https:/ /doi.org/10.23960/jpp.v12.i2.202245

Ramadhani, D., Kenedi, A. K., Rafli, M. F., Harahap, H.,
119



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Aritonang, L. C.,, & Andini, A. (2023). Analysis of
The Need for The Development of STEM-PjBL
Learning Models for Elementary School Students.
Jurnal ~ Pendidikan  Progresif, 12(2), 981-993.
https://doi.org/10.4108/ eai.26-11-2022.2339526

Setyani, U., Nugroho, I. R, Jumadi, J., Suyanta, S., &
Wilujeng, 1. (2024). Development of the PjBL Model
Science E-Book to Improve Creative Thinking
Skills of Middle School Students. Jurnal Penelitian
Pendidikan IPA, 10(3), 1032-1038.
https://doi.org/10.29303 /jppipa.v10i3.6303

Sumarlin, S., Setyosari, P., Ulfa, S., & Degeng, M. D. K.
(2024). Improvement of engineering student’s
learning outcomes in high schools using adaptive
educational hypermedia system. International
Journal of Evaluation and Research in Education
(IJERE), 13(5), 2925.
https:/ /doi.org/10.11591/ijere.v13i5.28381

Tanudjaya, C. P., & Doorman, M. (2020). Examining
higher order thinking in Indonesian lower
secondary mathematics classrooms. Journal on
Mathematics ~ Education, 11(ue 2), 277-300.
https://doi.org/10.22342 /jme.11.2.11000.277-300

Trevallion, D., & Trevallion, T. (2020). STEM: Design,
Implement and Evaluate. International Journal of
Innovation, Creativity and Change, 14(8). Retrieved
from
https:/ /www ijicc.net/images/Vol_14/Iss_8/148
01_Trevallion_2020_R1.pdf

Triana, D., Anggraito, Y. U, & Ridlo, S. (2020).
Effectiveness of Environmental Change Learning
Tools Based on STEM-PjBL Towards 4C Skills of
Students. JISE, 9(2), 181-187. Retrieved from
http:/ /journal.unnes.ac.id/sju/index.php/jise

Veven, V. Bistari, B., Fitriawan, D., Hamdani, H.,
Rustam, R., & Dashela, T. (2024). Mathematical
exploration ability and students’ habits of mind
based on gender: a study in junior high school
level. International Journal of Evaluation and Research
in Education (IJERE), 13(6), 3673.
https://doi.org/10.11591/ijere.v13i6.28430

Zainil, M., & Kenedi, A. K. (2022). Advancement of
STEM-based e-student worksheet to enhance the
HOTS of elementary school students. Journal of
Education Technology, 6(3), 478-488.
https:/ /doi.org/10.23887 /jet.v6i3.46202

Zainil, M., Kenedi, A. K. Rahmatina, I, T. &
Handrianto, C. (2024). The influence of STEM-
based digital learning on 6C skills of elementary
school students. Open Education Studies, 6(1),
20240039. https:/ /doi.org/10.1515/edu-2024-0039

Zainil, M., Kenedi, A. K., Rahmatina, Indrawati, T., &
Handrianto, C. (2023). The influence of a STEM-
based digital classroom learning model and high-

October 2025, Volume 11, Issue 10, 111-120

order thinking skills on the 21st-century skills of
elementary school students in Indonesia. Journal of
Education and E-Learning Research, 10(1), 29-35.
https:/ /doi.org/10.20448 /jeelr.v10i1.4336

120



