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Abstrak  
Tujuan-Penelitian ini menyelidiki kemampuan mahasiswa sarjana fisika untuk membuat pertanyaan 
Higher Order Thinking Skills (HOTS) berdasarkan topik yang dipelajari dalam fisika dasar. Fokusnya adalah 
pada seberapa baik siswa dapat merumuskan pertanyaan yang membutuhkan pemikiran yang lebih dalam. 
Metodologi Penelitian/Desain/Pendekatan-Penelitian ini melibatkan 40 siswa yang diminta untuk 
menyusun pertanyaan berbasis HOTS dan berpartisipasi dalam wawancara semi-terstruktur. Pertanyaan-
pertanyaan tersebut dikategorikan ke dalam empat jenis HOTS: inferensial, interpretatif, transfer, dan 
hipotetis. Data dianalisis untuk memahami distribusi dan kualitas pertanyaan yang dibuat.Temuan-
Sebagian besar siswa mampu menghasilkan pertanyaan inferensial (35%) dan interpretatif (30%), yang 
selaras erat dengan konten yang diajarkan di kelas. Namun, lebih sedikit siswa yang menghasilkan 
pertanyaan transfer (20%) dan hipotetis (15%), yang membutuhkan penerapan pengetahuan dalam 
konteks baru dan terlibat dalam penalaran spekulatif. Wawancara mengungkapkan bahwa siswa berjuang 
dengan jenis terakhir ini karena terbatasnya paparan tugas berpikir terapan dan kreatif. 
Orisinalitas/Nilai-Penelitian ini menawarkan perspektif baru dengan berfokus pada kemampuan siswa 
untuk berkreasi daripada hanya menjawab pertanyaan HOTS. Temuan ini menekankan perlunya strategi 
pengajaran yang mempromosikan pemikiran kontekstual, kritis, dan inovatif untuk mempersiapkan siswa 
dengan lebih baik untuk pemecahan masalah dunia nyata dan penyelidikan ilmiah. 
Kata kunci: Keterampilan Berpikir Orde Tinggi, Pendidikan Fisika, Perumusan Pertanyaan, Keterampilan 
Kognitif, Berpikir Kritis 
 
Abstract  
Purpose-This study investigates the ability of undergraduate physics students to create Higher Order 
Thinking Skills (HOTS) questions based on topics learned in basic physics. The focus is on how well students 
can formulate questions that require deeper thinking. Research Methodology/Design/Approach-The 
research involved 40 students who were asked to construct HOTS-based questions and participate in semi-
structured interviews. The questions were categorized into four types of HOTS: inferential, interpretive, 
transfer, and hypothetical. Data were analyzed to understand the distribution and quality of the questions 
created.Findings-Most students were able to generate inferential (35%) and interpretive (30%) questions, 
which align closely with the content taught in class. However, fewer students produced transfer (20%) and 
hypothetical (15%) questions, which require applying knowledge in new contexts and engaging in 
speculative reasoning. Interviews revealed that students struggled with these latter types due to limited 
exposure to applied and creative thinking tasks. Originality/Value-This study offers a fresh perspective by 
focusing on students’ ability to create rather than just answer HOTS questions. The findings emphasize the 
need for teaching strategies that promote contextual, critical, and innovative thinking to better prepare 
students for real-world problem-solving and scientific inquiry. 
Keywords: Higher Order Thinking Skills, Physics Education, Question Formulation, Cognitive Skills, 
Critical Thinking 
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Introduction 

Higher-order thinking Skills (HOTS) have become an important spotlight in education, 
especially in higher education, emphasizing complex cognitive skills development. HOTS includes 
a wide range of skills, such as critical thinking, creative thinking, problem-solving, decision-
making, and the ability to make inferences, interpretations, knowledge transfer, and hypotheses 
(Alkiyumi, 2023; Li et al., 2024; Sitorus et al., 2021). In science education, especially physics, HOTS 
plays a central role in shaping a deep and applicable understanding of various scientific concepts 
(Boon et al., 2022; Hamzah et al., 2022). A physics learning process that only emphasizes 
memorization and repetition of concepts without developing HOTS skills risks producing 
graduates unprepared for real-world challenges (Magarelli, 2024), where analysis, synthesis, and 
evaluation skills are urgently needed. 

As one of the branches of basic science, physics teaches concepts, laws, and principles of 
nature and instills scientific and systematic ways of thinking. Materials in fundamental physics, 
such as kinematics, dynamics, Newton's laws, the law of energy conservation, and others, require 
understanding, relating to, and applying these concepts in real-life situations and everyday 
problems (Coban & Buyukdede, 2024; Karwasz & Wyborska, 2023; Lyu, 2024). However, the 
reality in the field shows that physics learning at the university level still focuses a lot on routine 
and mechanistic problems, which emphasizes students' ability to solve mathematical calculations 
without demanding much in-depth conceptual thinking (Akinyemi, 2021). In this case, the skill to 
ask HOTS questions is an important indicator that shows the extent to which students not only 
understand the material passively (Gozali et al., 2021) but can also critically process, analyze, and 
evaluate information. 

Asking questions is one of the metacognitive strategies that can reveal the depth of a 
person's understanding of a material (Apaydin & Hossary, 2017; Meijer et al., 2006). In this case, 
HOTS questions reflect students' thinking abilities beyond just knowing or understanding 
information (Lemons & Lemons, 2013; Schulz & FitzPatrick, 2016). The question shows the 
capacity to analyze phenomena, evaluate arguments, and design solutions or predictions to a 
problem based on physical concepts (Garbuio & Lin, 2021; Hestenes, 1987). Unfortunately, 
students' ability to formulate HOTS questions is rarely studied systematically, especially in 
Indonesian universities' physics education context. Most of the previous research focused more 
on the effectiveness of HOTS learning strategies, the development of HOTS assessment 
instruments, or lecturers' design of HOTS questions. However, not many have examined the ability 
of students themselves to construct questions that reflect HOTS. 

This gap is important for further research because asking questions is a form of high-level 
thinking that can describe students' cognitive readiness to face academic and professional 
challenges. If students can formulate HOTS questions, it can indicate that they have high critical, 
analytical, and creative thinking skills. Conversely, the inability to design HOTS questions may 
reflect that the learning process has not thoroughly fostered deep, reflective thinking. Therefore, 
the study of students' ability to make HOTS questions is theoretically relevant and has practical 
implications in curriculum design, learning strategies, and physics learning assessments. 

Furthermore, in the context of the development of the current higher education 
curriculum, there is increasing pressure to produce academically competent graduates and those 
with 21st-century skills, including critical thinking, problem-solving, and lifelong learning. The 
ability to formulate HOTS questions is closely related to these three competencies. The shift from 
teacher-centered to student-centered learning requires students to be active, reflective, and 
critical learners. In this case, the skill of making questions is important because it shows the ability 
of students to identify problems, dig up information, and develop independent thinking. 

As part of a high-level cognitive process, creating HOTS questions demands the integration 
of multiple domains of knowledge and skills at once. According to Anderson and Krathwohl in 
Bloom's taxonomic revision, HOTS questions typically include analysis, evaluation, and creation 
levels. Thus, when students are invited to ask questions at this level, they are encouraged to 
understand the material more comprehensively, relate to relevant contexts, and evaluate possible 
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possible answers. This starkly contrasts with traditional learning that only demands a single 
correct answer without leaving room for exploration or alternative reasoning. 

However, few empirical studies have explicitly evaluated the quality of student-designed 
HOTS questions, especially in fundamental physics. Some relevant studies evaluate students' 
critical thinking skills based on exam results or written assignments without looking at the 
expression of these abilities in the form of questions made by students. The ability to ask questions 
is a strong indicator in measuring the internalization and construction of meaning in the material 
studied. Therefore, this research is here to fill this gap by conducting an in-depth analysis of HOTS 
questions made by students in the context of basic physics learning. 

The novelty of this research lies in its specific focus on students' ability to design HOTS 
questions as a form of high-level thinking expression in introductory physics courses. In contrast 
to previous studies that emphasized the evaluation of HOTS-based learning outcomes or the 
development of HOTS questions by lecturers, this study pays attention to the active participation 
of students as subjects who design their questions. Thus, the results of this study are expected to 
provide new insights into the extent to which students can apply their understanding of physics 
concepts in the form of critical and reflective questions. In addition, this research also has the 
potential to produce pedagogical recommendations to encourage the integration of HOTS 
question-designing activities into the physics learning process in the classroom. 

This study also aims to identify the types of questions asked by students, classify their 
cognitive level based on the revised Bloom's taxonomy, and evaluate the quality of these questions 
regarding clarity, conceptual relevance, and cognitive depth. With this approach, it is hoped that 
a general pattern can be found regarding students' tendency to ask questions and the factors that 
affect them, such as material understanding, critical thinking skills, or learning strategies used by 
lecturers. In addition, this study will also explore the possible relationship between the ability to 
make HOTS questions and other variables such as academic confidence level, previous learning 
experience, and perception of introductory physics courses. 

The primary purpose of this study is to analyze the ability of students to make HOTS 
questions related to the basic physics material that has been studied. Specifically, this study aims 
to (1) identify and classify the questions asked by students based on the cognitive level in the 
revised Bloom taxonomy, (2) evaluate the quality of the questions based on indicators of clarity, 
relevance, and cognitive depth, and (3) examine the factors that affect the student's ability to 
design HOTS questions. The results of this study are expected to make a theoretical contribution 
to the development of question-based learning models, as well as practical contributions in 
designing learning strategies that can develop students' high-level thinking skills. 

Overall, this study emphasizes the importance of paradigm change in physics learning, 
from providing material and practice questions to developing more complex and reflective 
thinking skills. One effective way to make this happen is to actively involve students in formulating 
questions, not just answering questions asked by lecturers. The learning process becomes more 
dialogical, dynamic, and meaningful by encouraging students to think critically and creatively in 
formulating questions. Therefore, this research is an important first step in encouraging 
pedagogical innovation based on the development of HOTS in physics education in higher 
education. 

Method  

This study uses a qualitative descriptive approach with a case study design to analyze 
students' ability to make higher-order thinking Skills (HOTS) questions in basic physics material 
(Sugiyono, 2013). This approach was chosen because it allows researchers to delve deeply into 
the phenomenon of high-level thinking expressed through questions designed by students. The 
main objective of this study was to evaluate and categorize the quality and cognitive level of the 
HOTS questions made by students, as well as to identify the factors that affect these abilities. The 
target of this study is students of the physics education study program at one of the public 
universities in Indonesia who have taken Basic Physics I and II courses. The population in this 
study is all students in the fourth semester who have studied basic physics material thoroughly. 
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At the same time, the sample was selected purposively, with as many as 40 students representing 
variations in academic abilities based on previous learning outcomes. 

The research subjects were students who were asked to design five HOTS-based questions 
related to basic physics material, including kinematics, dynamics, Newton's laws, effort and 
energy, momentum, and the laws of eternity. The main instrument in data collection is the HOTS 
question-making task sheet, accompanied by an assessment rubric guide that refers to the revised 
Bloom taxonomy by Anderson and Krathwohl. In addition, semi-structured interviews were 
conducted with some of the selected subjects to explore their thought processes further when 
formulating questions. Data collection techniques include documentation of student assignment 
results, observation of learning activities, and interviews. The data from the collected questions 
were analyzed using content analysis techniques by categorizing each question based on cognitive 
level (analysis, evaluation, and creation), relevance to the physics material, and depth of questions 
based on the HOTS indicator. 

The research model used is an evaluative-descriptive model with thematic analysis, 
allowing researchers to identify common patterns and individual variations in making HOTS 
questions. The validity of the data is maintained through data triangulation, both from 
assignments, interviews, and observations, as well as through peer checking (peer debriefing) to 
avoid assessment bias. The data analysis technique is carried out in stages, from data reduction to 
data presentation in categorization tables and drawing conclusions based on emerging themes. 
The analysis results are then interpreted to answer the formulation of the problem and support 
the research objectives. With this method, a comprehensive understanding of students' ability to 
design HOTS questions and their implications for developing physics learning strategies based on 
high-level thinking skills can be obtained.  

Findings and discussion 

Analyzing students' ability to prepare higher-order thinking Skills (HOTS) questions 
showed significant variations in the category of question types. Based on the grouping using the 
cognitive dimension in the HOTS framework, the distribution was obtained as follows: inferential 
questions dominated by 35%, followed by interpretive questions at 30%, then transfer at 20%, 
and the least were hypothetical questions with a percentage of 15%. These findings reflect that 
students tend to be more able or more comfortable formulating questions directly related to the 
material studied explicitly, compared to the types of questions that demand both applicative and 
predictive thinking. The distribution of questions made by students can be seen in Table 1 below: 

Table 1. Distribution of HOTS Questions Created by Students 
Question Types Number of Questions Percentage (%) 
Inferential 56 35% 
Interpretation 48 30% 
Transfer 32 20% 
Hypothetical 24 15% 
Total 160 100% 

Each student was asked to create five questions based on the Basic Physics material they 
had studied, covering topics such as kinematics, dynamics, Newton's laws, effort and energy, and 
conservation laws of momentum and energy. With 40 sampled students, as many as 200 questions 
were collected. However, after a selection based on question validity and consistency criteria with 
the HOTS indicator, only 160 questions were worth analyzing in depth. 
Inferential Questions 

The type of inferential question was the most asked by students, with 56 questions or 35% 
of the total data analyzed. Questions in this category require students to conclude a data or 
phenomenon. One example of a question that is categorized as inferential is: "How can you deduce 
the relationship between force and acceleration from the results of an experiment on an oblique 
plane?". Questions like this require students to relate the results of observations to Newton's 
second law and show the existence of a critical thinking process to find cause-and-effect 
relationships. The dominance of inferential questions can be interpreted as an indicator that 
students are used to drawing conclusions based on practicum results or procedural problem-
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solving (Susanti & Azhar, 2019; Sutarto et al., 2022). This activity is also practiced in the form of 
questions in class so that students have relatively higher confidence to develop questions at this 
level. 
Interpretation Questions 

Interpretation questions also have a high frequency of as many as 48 questions (30%). 
This type of question generally relates to the student's ability to understand and explain the 
meaning of visual information, graphs, or experimental results (Guo et al., 2020; Klein et al., 2019). 
An example would be: "Explain the meaning of the velocity graph against time in a straight-moving 
experiment changing in order.". This question demonstrates the student's ability to read and 
interpret representations of physics data in graphs. Interpretive abilities are critical in physics 
because most concepts are explained through mathematical visualization (Stefanel, 2019). The 
dominance of this question also shows that students feel relatively familiar with the forms of data, 
such as graphs, tables, and diagrams, that often appear in learning and exams (Chang et al., 2024; 
Shreiner, 2019). From interviews conducted with five students with different ability ranges, it was 
found that they felt more confident in compiling interpretation questions because they "had often 
seen graphs or tables in practicum and exam questions," as conveyed by the M3 subject. This 
indicates that the intensity of exposure to certain forms of representation in learning materials 
significantly affects students' cognitive tendency to develop questions. 
Transfer Questions 

Transfer questions only constitute 32 or 20% of the total questions analyzed. This 
question requires students to apply the concepts they have learned in new or different situations. 
Examples are: "How can the principle of energy conservation be applied in hydropower 
technology?". Transfer questions indicate a deep conceptual understanding and the ability to 
relate physical material to real-life phenomena or technological applications (Falloon, 2020; 
Hajian, 2019). However, its lower frequency than inferential and interpretive shows that students 
struggle to bridge theoretical concepts with applicable contexts. From the results of the 
interviews, the students revealed that they "had difficulty finding a suitable real situation" or were 
"not used to associating physics concepts with the outside world." The statement from the subject 
of M7 states that: "If I am asked to make a question directly from a book or module, I can. But if I 
have to think about the application of that concept in the real world, I am confused about where 
to start." These findings indicate a lack of experience or stimulus in learning that is contextual or 
based on real-life problems, which should be an important part of modern science learning (Mc 
Pherson-Geyser et al., 2020). This shows the need to integrate more problem-based learning or 
project-based learning approaches into the physics curriculum. 
Hypothetical Questions 

Hypothetical questions are the type of questions with the lowest frequency, only 24 
questions or 15% of the total data. An example of a hypothetical question students ask is: "If the 
earth's gravitational force is suddenly reduced by half, how will it affect the motion of objects on 
the earth's surface?". This question requires predictive and speculative thinking skills based on 
scientific knowledge that has been learned. This type of question requires students to think 
beyond the actual, anticipate possibilities based on the laws of physics, and consider various 
consequences logically (Coenen et al., 2019; Healey & Hodgkinson, 2024). However, most students 
have difficulty asking questions like this. Based on interviews, the majority stated that they were 
not used to thinking speculatively and tended to worry that their questions "would sound wrong 
or strange."  Subject M1 said: "I am afraid my question is too weird or absurd, so it is better just 
to make a casual question." This statement reflects the low confidence of students to explore ideas 
freely and creatively, which should be one of the main characteristics of high-level thinking. The 
lack of hypothetical questions also reflects the weakness of divergent thinking exercises and the 
lack of use of exploratory approaches in physics learning (Stolte et al., 2022). This question is 
fundamental to building scientific thinking skills that open to various possibilities and facilitate 
the birth of innovative ideas. 

Overall, the results of this study show that students are more likely to make questions that 
are direct and based on material that has been explicitly taught in class. This is consistent with the 
traditional learning approach still dominant in higher education, where mastery of concepts is 
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emphasized more than developing higher-level thinking skills. When challenged to create 
questions that demand transferability and hypothetical, most students show doubt, confusion, or 
even avoid the attempt. 

This phenomenon needs to be taken seriously because the purpose of learning physics is 
to understand concepts and train scientific, creative, and reflective ways of thinking. Based on the 
framework, cognitive levels such as applying, analyzing, evaluating, and creating are the main 
focuses in HOTS. However, data shows that most of the students' questions are still at the analyze 
and understand levels, while the apply and create levels are still very lacking. In addition, the 
results of the interviews reinforce the hypothesis that the limitations of real-context-based 
learning experiences and the lack of exploratory encouragement from lecturers also contribute to 
students' low ability to make transfer and hypothetical questions. A learning environment that 
emphasizes too much on "correct answers" and "certainty" makes students reluctant to take 
intellectual risks to think outside the box. 

This research provides important practical implications for developing the physics 
curriculum and learning strategies. Lecturers need to explicitly train students to develop 
questions covering all HOTS categories, not just inferential and interpretive. Approaches such as 
inquiry-based learning, case-based learning, or the use of simulations and speculative scenarios 
in class discussions can improve student thinking quality. Furthermore, the skill of making HOTS 
questions also needs to be assessed and given feedback in the learning process. In this way, 
students will realize that the ability to ask questions is an important part of scientific competence 
and not just an additional skill. Over time, students can understand and apply physics concepts 
and challenge, reflect, and develop new ideas through critical and creative questions. 

Conclusion  

This study shows that students' ability to make HOTS questions in basic physics materials is still 
dominated by the types of inferential (35%) and interpretive (30%) questions. Transfer (20%) 
and hypothetical (15%) questions are relatively low. This indicates that students are more 
comfortable with direct and material-based questions and have difficulty formulating questions 
requiring application and speculative thinking. A lack of contextual learning experience and 
training in critical and creative thinking influences this difficulty. Therefore, a more exploratory 
and applicative learning strategy is needed to improve students' HOTS abilities. 
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