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Purpose of the study: This study aims to analyze the need for implementing
HOTS-based digital assessment in physics learning and to identify learning
challenges, assessment practices, and opportunities for enhancing senior high
school students’ critical thinking skills through the integration of digital
technologies.

Online First Jun 13, 2026 Methodology: This study employed a descriptive qualitative research design

using a needs analysis approach. Data were collected through semi-structured
interviews involving five senior high school physics teachers. The research
instrument was an interview guide consisting of ten questions. Data were
Critical Thinking Skills analyzed using thematic analysis, including transcription, coding,
Digital Assessment categorization, and interpretation of emerging themes.

Keywords:

HOTS ) Main Findings: Physics learning remains predominantly teacher-centered,

Needs Analysis resulting in limited student participation and engagement. Students

Physics Learning demonstrated difficulties in solving analytical and contextual problems
requiring higher-order thinking skills. Critical thinking skills were not
optimally developed due to conventional assessment practices. Teachers
expressed a strong need for HOTS-based digital assessment and identified
Quizizz and PhET as potential technologies to support student engagement,
conceptual understanding, and critical thinking development.

Novelty/Originality of this study: This study contributes by focusing on the
needs analysis of HOTS-based digital assessment in physics learning before
intervention implementation. It integrates issues of student participation,
critical thinking skills, assessment practices, and digital technology readiness
within a single framework. The study also highlights the combined potential of
Quizizz and PhET to support assessment innovation and critical thinking
development in physics education.
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1. INTRODUCTION

Physics learning plays a strategic role in developing students’ scientific reasoning and understanding of
natural phenomena through logical and systematic thinking processes. Beyond mastering concepts and formulas,
physics learning is expected to foster higher-order thinking skills that enable students to analyze, evaluate, and
solve problems effectively [1]-[3]. Critical thinking has become one of the essential competencies required in the
twenty-first century learning environment [4]-[6]. Therefore, physics instruction should provide opportunities for
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students to actively engage in constructing knowledge and interpreting scientific phenomena. Learning activities
that encourage active participation are necessary to support the development of these cognitive competencies.

However, the implementation of physics learning in many senior high schools still faces various
challenges [7]. Learning activities are often dominated by teacher-centered approaches, resulting in limited
student participation during classroom instruction [8], [9]. Students tend to focus on memorizing formulas and
procedural steps rather than understanding underlying concepts and their applications [10]-[12]. This condition
affects their ability to solve problems that require analytical and evaluative thinking. As a result, students
frequently experience difficulties when dealing with questions designed to measure higher-order thinking skills
(HOTS).

Previous studies have reported that students generally perform well on routine questions but struggle
when confronted with contextual and analytical problems that require deeper conceptual understanding [13].
Research has also shown that active learning strategies can improve students’ conceptual understanding and
critical thinking performance in science education. Furthermore, the integration of digital technology into
assessment practices has been found to increase student engagement and provide immediate feedback on
learning outcomes [14], [15]. Several studies have highlighted the effectiveness of digital platforms such as
Quizizz in supporting interactive assessment processes. Similarly, interactive simulations such as PhET have
demonstrated positive contributions to students’ conceptual understanding in physics learning.

Although previous studies have examined digital assessment, HOTS-oriented learning, and technology
integration separately, limited attention has been given to investigating the actual needs for implementing
HOTS-based digital assessment in physics classrooms [16], [17]. Most existing research focuses on measuring
the effectiveness of specific interventions after implementation rather than identifying the challenges and
readiness factors that precede implementation. In addition, studies exploring teachers’ perspectives regarding the
necessity of HOTS-based digital assessment remain relatively limited. Consequently, there is still insufficient
empirical information regarding the conditions that support or hinder the adoption of digital assessment practices
in physics education [18]. This gap highlights the need for a comprehensive needs analysis before developing
and implementing appropriate assessment innovations.

Conducting a needs analysis is important because it provides a foundation for designing assessment
systems that align with classroom realities and students’ learning needs. Understanding the challenges
encountered by teachers and students can help identify suitable strategies for promoting critical thinking skills
through assessment activities [19], [20]. HOTS-based digital assessment has the potential to create more
interactive, flexible, and meaningful learning experiences compared with conventional assessment approaches.
In addition, digital assessment can facilitate timely feedback and encourage students to reflect on their reasoning
processes. Therefore, investigating the need for HOTS-based digital assessment is essential for supporting the
improvement of physics learning quality and critical thinking development.

The novelty of this study lies in its focus on analyzing the need for implementing HOTS-based digital
assessment in physics learning from the perspective of teachers and classroom learning conditions. Unlike
previous studies that primarily emphasize intervention outcomes, this research explores the underlying
educational needs that justify the integration of digital assessment technologies [21]. The study also connects
issues of student participation, conceptual understanding, and critical thinking within a single analytical
framework. Furthermore, it considers the potential utilization of digital platforms and interactive learning
technologies as supporting tools for assessment innovation [22], [23]. Through this approach, the study is
expected to provide a stronger empirical basis for developing effective HOTS-based digital assessment practices
in physics education.

2. RESEARCH METHOD

2.1. Research Design

This study employed a qualitative descriptive approach to investigate the need for implementing HOTS-
based digital assessment in physics learning. The research focused on identifying challenges encountered by
teachers in developing students’ critical thinking skills and exploring potential solutions through digital
assessment. A qualitative approach was selected because it allows researchers to obtain in-depth information
regarding classroom learning conditions and assessment practices [24]. The study emphasized understanding
participants’ experiences, perceptions, and educational needs in real learning contexts. The findings were used as
a basis for identifying opportunities for integrating HOTS-based digital assessment into physics learning.

2.2. Participants and Data Collection

The participants consisted of five physics teachers from different senior high schools who were selected
purposively based on their teaching experience and involvement in physics instruction [25]. Data were collected
through semi-structured interviews that explored learning practices, students’ critical thinking abilities,
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assessment strategies, and the use of educational technology. The interview protocol contained ten main
questions related to classroom learning conditions and assessment implementation. Each interview was
conducted individually and recorded to ensure data accuracy. The collected data provided comprehensive
information regarding the need for HOTS-based digital assessment in physics education.

Table 1. Research Participants
Code School Level Participant
T1 Senior High School Physics Teacher
T2 Senior High School Physics Teacher
T3 Senior High School Physics Teacher
T4 Senior High School Physics Teacher
T5 Senior High School Physics Teacher

2.3. Data Analysis

The collected interview data were analyzed using thematic analysis. The analysis began with data
transcription, followed by data reduction, coding, categorization, and interpretation of emerging themes. Similar
responses from participants were grouped to identify common patterns related to learning challenges, assessment
practices, and critical thinking development [26]. The identified themes were then interpreted to explain the need
for implementing HOTS-based digital assessment in physics learning. Finally, the results were presented
descriptively to provide a comprehensive understanding of the research problem.

Interview Preparation
+
Data Collectien
1
Data Transcription
1
Thematic Analysis
+
Identification of Needs
+

Interpretation and Conclusion
Figure 1. Research Procedure

3.  RESULTS AND DISCUSSION

3.1. Physics Learning Practices in Senior High Schools

Based on interviews with five physics teachers from different senior high schools, physics learning
generally begins with introductory activities, followed by concept explanation, worked examples, and problem-
solving exercises [27], [28]. Several teachers also reported using discussions, question-and-answer sessions, and
simple experiments to support student understanding [29], [30]. However, learning activities remain
predominantly teacher-centered, with teachers serving as the primary source of information during classroom
instruction. Student participation was reported to vary considerably across classrooms, with only a limited
number of students actively engaging in discussions and learning activities. These findings indicate that active
student involvement has not yet been fully achieved in physics learning.

Table 2. Summary of Physics Learning Practices
Aspect Findings
Learning Process Concept explanation, worked examples, exercises
Learning Activities  Discussion, question-and-answer, simple experiments
Learning Approach ~ Predominantly teacher-centered
Student Participation  Active participation limited to a small number of students

3.2. Students’ Understanding and Critical Thinking Challenges

The interview results revealed that students’ understanding of physics concepts varies considerably.
Teachers reported that students generally perform well when solving routine problems involving direct formula
application [31], [32]. However, many students experience difficulties when confronted with analytical and
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contextual problems that require deeper conceptual understanding [33], [34]. Students often struggle to identify
relevant concepts and determine appropriate solution strategies. In addition, many students are unable to explain
the reasoning behind their answers, indicating limited development of critical thinking skills.

Table 3. Students’ Learning Difficulties Identified by Teachers

Indicator Findings
Conceptual Understanding  Difficulties in abstract concepts
Problem Analysis Challenges in contextual questions
Concept Integration Difficulty connecting multiple concepts
Explanation Skills Limited ability to justify answers

3.3. Student Participation and Learning Engagement

All participating teachers reported differences in student engagement during physics lessons. Only a
small proportion of students consistently participate in discussions, ask questions, or respond to teacher prompts.
Meanwhile, many students remain passive and tend to avoid expressing their opinions during classroom
activities [35]. Teachers indicated that lack of confidence and fear of making mistakes are among the factors
contributing to low participation [36]. As a result, students’ learning processes are often difficult to observe
comprehensively through classroom interaction alone.

3.4. Teachers’ Perspectives on HOTS-Based Digital Assessment

The interviews revealed positive perceptions regarding the implementation of HOTS-based digital
assessment in physics learning [37], [38]. Teachers emphasized the need for assessment approaches that not only
evaluate final answers but also encourage analytical thinking and problem-solving skills. Several participants
identified digital platforms such as Quizizz as potential tools for increasing student motivation and participation
during assessment activities [39], [40]. Teachers also highlighted the potential contribution of interactive
simulations such as PhET in supporting students’ understanding of abstract physics concepts. These findings
suggest a strong need for integrating digital technologies into assessment practices to support the development of
students’ critical thinking skills.

Table 4. Teachers’ Recommendations for Improving Physics Learning

Recommendation Purpose
HOTS-Based Assessment Improve analytical thinking
Quizizz Integration Increase motivation and participation
PhET Simulation Enhance conceptual understanding
Interactive Learning Promote student engagement

Physics learning in senior high schools is still largely characterized by teacher-centered instructional
practices that limit students’ active involvement in the learning process. Interview data revealed that concept
explanation, worked examples, and routine exercises remain the dominant instructional approaches used by
teachers. Although discussion activities and simple experiments are occasionally incorporated, participation
among students is not equally distributed. Only a small proportion of students actively contribute to classroom
interactions through questioning and discussion. Such conditions may reduce opportunities for students to
develop higher-order thinking and critical thinking skills during learning activities.

Difficulties in solving analytical and contextual physics problems emerged as one of the most
prominent issues reported by participating teachers. Routine questions involving direct formula substitution can
generally be completed by students without significant obstacles. Greater challenges arise when students are
required to interpret situations, connect multiple concepts, and justify their reasoning. Many students tend to
focus on obtaining correct answers rather than understanding the conceptual basis of their solutions. Limited
ability to explain reasoning processes indicates that critical thinking skills still require further development.

Similar patterns have been reported in previous studies examining the development of higher-order
thinking skills in science education. Research has consistently shown that students often struggle with HOTS-
oriented questions because of inadequate analytical and reasoning abilities. Conventional instructional
approaches are frequently associated with limited opportunities for students to engage in meaningful problem-
solving activities. Digital learning and assessment technologies have been suggested as potential solutions for
improving engagement and cognitive performance. Nevertheless, most previous investigations have focused on
intervention outcomes rather than examining classroom needs before implementation.

A distinctive contribution of this research lies in its focus on identifying educational needs prior to the
implementation of HOTS-based digital assessment. Attention is directed not only toward learning outcomes but
also toward understanding the challenges experienced by teachers and students during the learning process.
Student participation, conceptual understanding, critical thinking skills, and digital assessment readiness are
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examined within a unified analytical framework. Integration of Quizizz and PhET is also highlighted as a
potential strategy for supporting both assessment and learning activities. Such an approach offers a broader
perspective for developing assessment innovations in physics education.

Important implications can be drawn from these findings for improving physics teaching and
assessment practices. Greater emphasis should be placed on assessment activities that encourage students to
analyze, evaluate, and justify their responses rather than simply produce correct answers. Digital assessment
platforms may provide more engaging opportunities for students to participate actively in learning. Interactive
simulations can further support conceptual understanding by visualizing abstract physics phenomena. Combining
these approaches may contribute to the development of stronger critical thinking skills among senior high school
students.

Several limitations should be acknowledged when interpreting the results of this study. Data were
obtained from only five physics teachers, which may not fully represent conditions in other schools or regions.
Perspectives from students were not included, even though they could provide valuable insights into learning and
assessment experiences. Classroom observations were also not conducted, limiting the availability of direct
evidence regarding instructional practices. Future research is therefore recommended to involve a larger sample,
incorporate student perspectives, and evaluate the effectiveness of HOTS-based digital assessment through
empirical implementation.

4. CONCLUSION

The findings of this study indicate that physics learning in senior high schools is still characterized by
limited student participation, difficulties in solving HOTS-oriented problems, and insufficient development of
critical thinking skills. Interview results further revealed that conventional assessment practices have not fully
facilitated students’ analytical reasoning and problem-solving abilities, highlighting the need for more innovative
assessment approaches. HOTS-based digital assessment emerged as a promising alternative because it has the
potential to support active learning, provide immediate feedback, and encourage deeper cognitive engagement.
The integration of digital platforms such as Quizizz and interactive simulations such as PhET can create learning
environments that promote both conceptual understanding and critical thinking development. These findings
provide an important foundation for educators and stakeholders in designing assessment strategies that are more
responsive to the demands of twenty-first-century learning. Future research is recommended to implement and
evaluate HOTS-based digital assessment in broader educational settings to examine its effectiveness in
improving students’ critical thinking skills and overall learning outcomes.
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