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ABSTRACT

Assessments based on Higher-order Thinking Skills (HOTS) are critical for elementary
students as they are important; however, standardized tools are still lacking. Hence, this
study aims to develop valid and reliable HOTS-based science questions as assessment
instruments to measure elementary school students’” mastery of science subjects and
HOTS. This study employed the Design and Development Research (DDR) model to
create HOTS-based science questions for grades four, five, and six at the elementary
level. The research involved analysis, design, development, and evaluation phases to
produce six summative science questions for each grade. Qualitative data were obtained
through focus group discussions (FGD) to align with curriculum analysis. Quantitative
data were collected via validation sheets and trial tests to assess validity and reliability.
The results indicate that there are two science topics with three HOTS-based
instructional objectives for each grade. These instructional objectives were developed
using three question types: multiple-choice questions (MCQs) with four options, complex
MCQs, and essay questions. MCQs were used to evaluate students’ analytical skills,
complex MCQs to assess evaluative skills, and essay questions to measure creative skills
and metacognitive knowledge. The developed HOTS-based science questions were
deemed valid (CVR = +0.73, CVI = +1.00) and reliable (ICC = 0.914, Cronbach’s a >
0.80). This study suggests that the developed HOTS-based science questions can be
utilized by elementary science teachers to assess students’ mastery of science subjects
and HOTS.

Contribution/Originality: This study develops and examines the validity and reliability of HOTS-based science
questions based on the Revised Bloom's Taxonomy to be used as a standardized assessment tool in upper levels of

elementary school.

1. INTRODUCTION

Higher-order thinking skills (HOTS) become a crucial competence in an era of abundant distorted information
and a crisis of criticality caused by the advancement of large language models. In the complex 21st-century landscape,
HOTS, including critical thinking, problem-solving, and adaptive application of knowledge, have emerged as
necessities for addressing intricate global challenges (Ragab, Kaid, & Sayed, 2024). Organization for Economic Co-
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operation and Development (OECD) and the World Economic Forum have established HOTS as one of the
fundamental competencies critical for developing adaptable individuals in our changing world (OECD, 2019; Schwab
& Zahidi, 2020). These skills rise in importance along with the ubiquity of massive language models and internet
platforms flooding the web with misinformation, which can lead to dwindling critical thinking (Pratama, Widiati, &
Hakim, 2025). Individuals capable in HOTS will flourish; they will no longer be passive recipients of information, but
will be able to critically evaluate sources, determine biases, synthesize trustworthy information, and develop novel
solutions (Ragab et al., 2024). In addition, HOTS are critical for maintaining intellectual autonomy, so students can
distinguish truth from false information and increase critical thinking amidst the era of misinformation caused by a
number of unverifiable sources (Setyarini, 2019). By integrating these competencies, particularly in education,
younger generations are equipped with the necessary critical skills to differentiate factual and useful knowledge from
misinformation.

HOTS has been regarded as a significant part of the Indonesian curriculum, especially in science subjects at the
elementary school level. HOTS has been integrated into the education system to build a critical generation from an
early age (Pulungan, Toybah, & Suganda, 2021). In this case, HOTS are reflected in three sequential competencies,
covering analyzing (C4), evaluating (C5), and creating (C6) (Anderson, 2005; Krathwohl, 2002; Urgo, Arguello, &
Capra, 2019). Students gain important cognitive and practical advantages beyond basic knowledge acquisition as they
develop these competencies. At the level of C4, students learn to break down scientific information into smaller
components, identify patterns in experiments, and recognize potential biases or errors in data, which stimulates
deeper curiosity and systematic thinking (Kuncoro, Harini, & Trimono, 2022; Tuela & Palar, 2022). This ability shows
them how to approach problems methodically, for example, when they are studying plant growth cycles or comparing
weather patterns. At the level of C5, students evaluate the validity of sources, arguments, and scientific claims,
enabling them to separate reliable information from misconceptions (Setiawan, Khair, Ratnadi, Hakim, & Istiningsih,
2020). For example, they can critically evaluate the best method for testing a hypothesis. Finally, at the level of Cg,
students generate original ideas, design innovative experiments, and develop adaptive solutions, such as inventing a
simple water filtration system or proposing eco-friendly solutions to reduce waste (Mohamed & Lebar, 2017). These
competencies contribute to strengthening scientific literacy, critical reasoning, and creative problem-solving,
enabling students to think independently, engage in evidence-based discussions, and apply their knowledge to real-
world challenges (Oyewo, Ramaila, & Mavuru, 2022).

To support HOT'S-based science learning at elementary school, science teachers should apply both HOT'S-based
learning models and HOTS-based assessments. By adopting HOTS-oriented teaching strategies (e.g., inquiry-based
learning, problem-based learning, or project-based learning), teachers will be able to encourage students to analyze
(C4), evaluate (C5), and create (C6) rather than just memorize (C1), understand (C2), and apply (C3) facts (Yusuf,
Purwati, Suhirman, & Prayogi, 2025). For example, when students investigate the reason why some objects float
while others sink through guided experiments, they practice breaking down concepts (C4), testing hypotheses (C5),
and designing solutions (C6). Duran and Dokme (2016) show that inquiry-based methods significantly improve
elementary school students’ critical thinking skills. Second, HOTS-based assessments ensure that the evaluation
matches the intended skills (Ragab et al., 2024). The assessment for the elementary school level may involve multiple-
choice questions (MCQs), complex MCQs, and essays to support the construction of the HOTS-based assessment
instrument (Maryani, Prasetyo, Wilujeng, Purwanti, & Fitrianawati, 2021). In addition, learning models and
assessments must also be aligned; for example, if science teachers use project-based learning but assess only with fact-
recall quizzes, students will not develop HOTS. Conversely, HOTS instructional methods without HOTS
assessments cause learners to be unprepared. Thus, integrating both ensures cohesive, developmentally appropriate
science learning that cultivates versatile thinkers. Yusuf et al. (2025) also noted that different stimuli highly affected
the cognitive response to HOTS questions; thus, HOTS assessments must also provide appropriate stimuli for

students.

339
© 2026 Conscientia Beam. All Rights Reserved.



International Journal of Education and Practice, 2026, 14(2): 338-359

The lack of HOT'S-based science questions availability, easily accessible for fourth to sixth-grade students, poses
significant challenges to effective science education at the elementary level. Without sufficient access to well-designed
higher-order thinking questions, teachers struggle to properly assess and develop students’ C4, C5, and C6 skills. In
this situation, teachers usually either rely on traditional low-level recall questions (Barral, Ardi-Pastores, & Simmons,
2018) or spend excessive time creating their own HOTS questions, both of which cause their own challenges. Without
proper HOTS assessments, students’ meaningful understanding of scientific processes or their ability to apply
knowledge to different situations will be difficult to assess (Ichsan et al., 2020). Furthermore, the lack of standardized
HOTS question banks results in highly varied assessment quality between classrooms, creating inequalities in science
education. This gap also potentially disrupts teachers’ professional development, as they miss opportunities to learn
exemplary formulations of HOTS questions. Ultimately, limited access to grade-appropriate HOTS science questions
possibly perpetuates surface-level learning even at a critical stage when students should be developing important
scientific reasoning skills to be applied in real-world problem-solving.

In relation to the lack of standardized HOTS-based science questions as assessment instruments for science
learning at the elementary school level, this study aims to develop HOTS-based science questions for fourth, fifth,
and sixth-grade elementary school students. This study uses curriculum analysis to set the instructional objectives
for each science learning level. In addition, science questions are developed based on Anderson (2005) and Krathwohl
(2002) HOTS theoretic fundamentals (Anderson, 2005; Krathwohl, 2002; Urgo et al., 2019) to specify the suitability
of the HOTS question model, the developed questions are then evaluated for their reliability and validity, ensuring
that they meet the standards required for each question, so that these questions can be referred to by elementary
school level science teachers. With these efforts, we believe that the study not only points out the importance of
HOTS in science learning but also ensures that elementary school students perceive and master HOTS. The research
question proposed for this study is: How is the development of the HOTS-based science questions as an assessment

instrument for elementary school students?

2. LITERATURE REVIEW
2.1. Higher-Order Thinking Skills (HOTS) in Science Education

Higher-Order Thinking Skills (HOTS) are a level of cognitive functioning that exceeds basic cognitions, such as
memorization and understanding. HOTS form the basis of 215-century skills, allowing individuals to discern complex
problems, perform critical analysis, and demonstrate intellectual flexibility in various environments (Hamzah,
Hamzah, & Zulkifli, 2022; Kania & Kusumah, 2025; Maxnun, Kristiani, & Sulistyaningrum, 2024). Based on Anderson
(2005) and Krathwohl (2002) revision of Bloom’s taxonomy, HOTS covers three reciprocal cognitive domains,
including analysis (deconstructing information to examine connections and organizational principles), evaluation
(formulating sensible assessments based on explicit criteria and contextual relevance), and creation (synthesizing
elements to generate novel solutions) (Chandio, Pandhiani, & Igbal, 2016; Seman, Yusoff, & Embong, 2017). The
three domains contribute to a progressive intellectual framework significant for overcoming 21s-century challenges.

Analytical domain (C4) requires students to dissect intricate data into several parts in order to identify underlying
correlations, patterns, and structural logic. This is displayed in scientific inquiry when they examine engineering
designs to comprehend functional principles or analyze experimental data to determine causative correlation. C4-
level skills are also necessary to distinguish relationships and causation when studying issues like climate change
(Bejjanki, Pathengay, & Snigdha, 2025). Next, the evaluation (C5) domain demands criterion-based judgment to
examine the validity, reliability, and ethical implications of information. Related to this, HOTS supports students in
analyzing Al-generated content for biases, evaluating competing scientific theories based on available evidence, or
creating a critique of the feasibility of sustainable urban plans against ecological and economic constraints (Li, 2024).
Lastly, regarding the creation domain (C6), students synthesized, analyzed components, and evaluated insights into

innovative solutions. This transformative process can be seen, for example, when students devise water purification
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systems using recycled materials, develop algorithms to address community problems, or compose hypotheses to
bridge gaps in existing research (Prayogo et al., 2024). As elaborated, the three skills, analysis, evaluation, and
creation, are indeed interrelated. Thus, aspects of C4, C5, and C6 skills remain essential in the current learning
processes to mirror the scientific method and address ambiguities in our evolving world with evidence-based
ingenuity.

In coping with science education, many studies have permeated HOTS in science learning and assessment. For
instance, prior studies highlight that mobile learning effectively enhances HOTS and communication skills in science
education through collaborative, inquiry-based, and project-based learning approaches. These methods foster critical
analysis (C4), evaluation (C5), and creation (C6), aligning with 21%-century demands for problem-solving and
adaptability (Anderson, 2005; Krathwohl, 2002; Urgo et al., 2019). However, the studies have not supported HOTS-
based pedagogy with valid HOTS-based assessments. Similarly, other studies focus on the use of different learning
models rather than providing valid and reliable HOTS-based assessments (Jailani, Sugiman, & Apino, 2017; Sirait,
Murniarti, & Sihotang, 2021). For instance, Supriyadi et al. (2022) and Sirait et al. (2021) only focus on the
implementation of HOTS-based problem-based learning to enhance students’ science literacy skills, while others focus
on the use of problem-based learning integrated with local wisdom and HOTS (Annam, Ramdani, Makhrus, &
Sarkingobir, 2024; Hikmawati, Suastra, Suma, Sudiatmika, & Rohani, 2021; Papilaya & Tuapattinaya, 2022) HOTS-
oriented e-project-based learning (Prihatin & Gunawan, 2024; Rati, Arnyana, Dantes, & Dantes, 2023) and HOTS-
based inquiry learning (Mubarok, Suprapto, & Adam, 2019; Qamariyah, Rahayu, Fajaroh, & Alsulami, 2021).
Moreover, these studies are mostly undertaken in the higher education setting, not at the elementary level. This
phenomenon implies that most studies dealing with HOTS-based science learning focus on learning models used to
teach certain science materials or attain specific science skills at higher education levels, and few of them focus on the

elementary level.

2.2. HOTS-based Assessment for Science Learning

There are few resources available to create HOTS-based science assessment instruments for elementary school
students, and some previous research shows certain limitations in their findings. For example, Sidiq et al. (2021) use
a quasi-experimental approach with treatment and control groups to examine the efficacy of introducing elementary
children to HOTS-based science questions in order to enhance their critical thinking abilities. The development and
validation processes of the HOT'S-based evaluations used have not been taken into consideration in this study. These
could make one wonder if the learning outcome accurately assesses the HOTS and instructional objectives. Ishartono,
Desstya, Prayitno, and Sidiq (2021) emphasized the importance of HOT'S-based science questions in their research.
However, only 35% of the questions in the HOTS-based assessments created for the study fit important criteria,
including various solution paths, interpretative depth, and non-algorithmic problem-solving. A number of other
essential components are also lacking. Additionally, several questions do not correspond with the intended learning
indicators, which lowers their content validity, and the majority of questions do not include visual examples, which
are crucial for elementary kids' comprehension. Anggraeni, Prahani, Suprapto, Shofiyah, and Jatmiko (2023) also
created a HOTS-based scientific evaluation for fourth-grade science students at an elementary school. Nonetheless,
we point out two primary issues with the HOTS-based evaluations: due to time and comprehension constraints,
teachers find it challenging to create high-order cognitive questions, which results in tools that mostly focus on
lower-order thinking skills (C1—C3). Furthermore, many assessment instruments are not built with clearer test
designs and lack information regarding their alignment with curriculum indicators, which lowers their overall
validity and efficacy in gauging actual HOTS competencies. Similar deficiencies are also present in other research,
which highlights a lack of discussion regarding the validity and reliability of the assessment tools used to measure

science skills and HOTS simultaneously, as well as how to deal with science settings at the elementary school level
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in grades four through six (Arthadewi, Bayu, & Rati, 2024; Setiawan et al., 2020; Suratmi, Laihat, Asnimar, & Handini,
2020).

By examining the above reviews, it is evident that the literature on the implementation of HOTS in science
education at the elementary level emphasizes its fundamental role in fostering analytical, evaluative, and creative
thinking. Several studies support the effectiveness of HOTS-oriented pedagogies, such as inquiry-based, project-
based, and mobile learning approaches, in enhancing students’ critical thinking and problem-solving skills. However,
these studies primarily focus on instructional strategies rather than the systematic development and validation of
HOTS-based assessment instruments. Additionally, most research is designed for secondary or higher education
contexts, with less attention given to elementary-level implementation. This highlights a significant research gap in
adapting HOTS-based science assessment instruments to the cognitive developmental stage of younger learners.
Existing studies reveal multiple shortcomings in HOTS-based science assessment instruments at the elementary
level, including inadequate alignment with curriculum standards, underrepresentation of non-algorithmic and open-
ended problem types, and limited focus on validity and reliability testing. Many teachers also report difficulties in
preparing such items due to time constraints and lack of expertise, resulting in questions that tend to assess lower-
order thinking (C1-C3). These gaps underscore the importance of developing a valid, reliable, and curriculum-aligned
HOTS-based science assessment instrument for elementary students to accurately measure both science content

mastery and higher-order thinking skills.

3. METHODOLOGY
3.1. Data Collection

This study was a research and development experiment to develop HOTS-based science questions as assessment
instruments for elementary school. The Design and Development Research (DDR) model was used in this study,
starting from analysis (Phase I), design and development (Phase II), and evaluation (Phase III) (Jaya, 2021). Data
were collected during a Focus Group Discussion (FGD) in curriculum analysis, a validation sheet, and a trial test.
This study invited three experts on elementary school science education for FGD, and three other experts to validate
the developed assessment instrument, all of whom had backgrounds in science education, primary education, and
science teaching. This study also involved 120 students from public school Ngenep 2 State Elementary School, East
Java, about 40 students from each of the fourth, fifth, and sixth grades. The rationale for considering public schools
was due to the present study’s expectation to ensure that the developed assessment instruments were compatible for
students from all kinds of backgrounds, as found in public schools. The students were further asked to complete the
developed HOTS-based science questions as a trial test.

Data collected from FGD were analysed using deductive thematic analysis adapted from Brown (2005) including
instructional objectives, HOTS-based learning objectives (level C4-C6 skills), and assessment question types. The
quantitative data obtained from the validation sheet were analyzed using the intra-class coefficient (ICC), Lawshe’s
content validity ratio (CVR), and content validity index (CVI). ICC was used to confirm that the validators shared
the agreement level of the scores with the assistance of IBM SPSS 25, revealing inter-rater reliability (IRR) scores.
ICC score was categorized based on Koo and Li (2016). The CVR was used to measure whether each of the validation
items showed a positive score, whereas the CVI was used to confirm the overall validity judgment (CVI > +0.70,
categorized as very high validity) (Almanasreh, Moles, & Chen, 2019). The criteria of validity were calculated based
on the following formula.

CVR=((ne-N/2))/(N/2)

CVI=(2CVR)/k

Note:

CVR: Content Validity Ratio.

ne : Number of raters who considered the item.
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N :Total raters.

k  : Number of items.

Data from the trial test were then analyzed for their internal consistency reliability (ICR), revealing the
Cronbach’s a value. The results of the ICR test were considered to indicate very high reliability if the Cronbach’s «
value met or exceeded 0.80 (Pallant, 2020). To succeed in data collection and analysis, we enclosed a summary of the
data, source of data, analysis technique, and expected outcomes used in each phase. Table 1 portrays the data

processing for each phase of DDR.

Table 1. Data processing in each phase of DDR.

Phase Data Data Analy S18 Expected data outcomes
source technique
I: Qualitative data of FGD notes | Deductive Determined instructional
Analysis curriculum analysis thematic objectives and HOTS-based
analysis learning objectives (cognitive
levels) for the science subject at
the fourth, fifth, and sixth grades
of elementary school.
II: Instructional Results of | Making sure A series of HOT'S-based science
Design and objectives and Phase I the relevance | questions as assessment
Development HOTS-based between both | instruments for science subjects at
learning objectives objectives and | the fourth, fifth, and sixth grades
(cognitive levels) the questions | of elementary school level.
II: - Quantitative data | - Validation | - ICC test, - ICC and Validity judgements
Evaluation of validity and sheet CVR, and | - ICR judgment using the
inter-rater - Trial test CVI Cronbach’s a value
reliability scores - ICR test
- Quantitative data
from a trial test

3.2. Procedure of DDR

We conducted the three phases of DDR in a sequential order, from the analysis to the evaluation stages. We
involved different activities correlated with each phase’s objectives (see Table 1). The development process of HOTS-
based science assessment instruments for elementary students was carried out through three systematic phases. In
Phase I (Analysis), the objective was to identify the instructional objectives and HOTS-based learning objectives
(cognitive levels) for science subjects in grades four, five, and six. This phase involved conducting a curriculum
analysis through a Focus Group Discussion (FGD) with three science education experts specializing in elementary
education. Together with the researchers, they collaboratively determined the relevant objectives that aligned with
higher-order thinking skills. In the next Phase II (Design and Development), HOTS-based science questions tailored
to each grade level were produced.

The researchers were responsible for developing these assessment items, ensuring that each question reflected
analysis, evaluation, or creation skills, consistent with Bloom’s HOTS level. Finally, Phase III (Evaluation) aimed to
obtain valid and reliable HOT'S-based science questions. In this stage, the initial draft of the assessment instruments
underwent rigorous validation and reliability testing.

This process included input from a broader range of participants: researchers, three subject matter experts in
science education, primary education, and science pedagogy, as well as a trial test involving 120 elementary students
as participants. Based on the evaluation, necessary revisions were made to finalize the instrument for classroom
implementation. To ensure the integrity and validity of the developed assessment instruments, we implemented a

rigorous double-checking process to confirm that the instruments accurately measured the intended constructs.
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3.8. Research Ethics

We adhered to ethical research standards by carefully considering and minimizing any potential risks associated
with the study. The study was approved by the Ethical Committee of Universitas Negeri Surabaya (No.
036/UN38.111.1/DL.01.02/2025). Since this study partially involved human subjects as primary participants in a trial
test, informed consent for general participation was obtained. Moreover, six expert participants were involved in the
study as part of the Focus Group Discussion (FGD) and validation process. These experts participated voluntarily,
were professionally compensated, and faced no physical or psychological risks from their involvement. All data

collected during the study were securely stored in private documentation accessible only to the research team.

4. FINDINGS
4.1. Phase I: Analysis

The undertaken FGD involved three experts and the researchers to discuss the curriculum of the science subject
at the elementary school level, especially the fourth, fifth, and sixth grades. The involvement of these three grades
was because science is taught at those levels at the elementary level. The FGD lasted two hours, with a synchronous
meeting using the Zoom platform due to the impossibility of conducting an offline meeting caused by different
geographical locations. Table 2 shows the recaps of the science topic materials, instructional objectives, and HOTS-

based learning objectives based on the undertaken curriculum analysis.

Table 2. Results of curriculum analysis.

Grade Smenc.e topic Instructional objectives HOT.S -base.d .
materials learning objectives
4th L. Objects and - Connecting the stages of the water cycle LOTS (C1-C3)
their properties with the occurring processes.
- Understanding changes in the state of
matter in everyday life
- Mentioning natural water sources used in
everyday life.
- Explaining the impact of water pollution on | HOTS (C4-Cé)
the environment
- Identifying ways to maintain the availability
of clean water.
- Explaining how to prevent flooding caused
by heavy rainfall
2. Energy - Connecting types of energy with examples LOTS (C1-C3)
of their use in everyday life
- Comprehending renewable and non-
renewable energy sources
- Mentioning examples of energy sources
used in everyday life.
- Identifying changes in energy forms in HOTS (C4-Cs)
everyday life
- Identifying the benefits of renewable energy
in everyday life
- Explaining how to save energy in everyday
life
5th 1. Force - Connecting types of force with examples of | LOTS (C1-C3)
their application in everyday life.
- Understanding the effect of force on objects
- Mentioning the factors that influence the
movement of objects.
- Identifying the relationship between force HOTS (C4-Ce)
and motion in everyday life.
- Determining examples of the application of
style in everyday life.
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Science topic

Grade .
materials

Instructional objectives

HOTS-based
learning objectives

Explaining the effect of force on objects and
providing examples of its application.

2. Ecosystem

Connecting ecosystem components with
their roles in the food chain.

Understanding the impact of environmental
damage on the ecosystem

Mentioning examples of interactions
between living things in an ecosystem.

LOTS (C1-C3)

Identifying the impact of environmental
change on ecosystems

Determining how to maintain ecosystem
balance

Explaining the impact of human activities
on ecosystem balance.

HOTS (C4-Co)

6th 1. Circulatory
system

Matching the circulatory organs with their
functions

Understanding the function of arteries and
veins

Mentioning the main function of red blood
cells

LOTS (C1-C3)

Diagnosing the effects of heavy blood loss
Determining the correct statement
regarding the circulatory system.
Explaining how to maintain a healthy
circulatory system

HOTS (C4-C6)

2. Force
(Exploration)

Matching the type of style with an example
of its application

Understanding the relationship between
force and motion

Applying the concept of force in influencing
the movement of objects, and being aware of
the influence of force on the distance and
height of the movement of objects in
everyday life.

LOTS (C1-Cs)

Analyzing factors that influence the speed of
movement of an object, in this case, humans,
based on training and energy.

Evaluating the influence of weight, surface,
and friction on the motion of objects in
everyday life.

Producing explanations about the
relationship between force, energy, and
work in real situations, and explaining how
the body uses energy to perform work in
two different types of activities.

HOTS (C4-C6)

Table 2 illustrates that the distinction between Lower-Order Thinking Skills (LOTS) and Higher-Order
Thinking Skills (HOTS) across various instructional objectives in elementary science subjects is significant.
Objectives categorized under LOTS (C1-C3) typically involve memorizing, understanding, and applying skills. For
instance, in Grade 4, topics such as “Objects and their properties” and “Energy,” LOTS objectives focus on identifying,
connecting, and describing observable phenomena like stages of the water cycle or types of energy used daily. This
requires basic cognitive engagement. In contrast, HOTS objectives (C4—C6) demand deeper reasoning, critical
analysis, and evaluation. For example, within Grade 4, students are expected to explain environmental impacts and
propose solutions to water-related issues, which pushes them to analyze cause-and-effect relationships and synthesize

knowledge. Similar trends are observed in the instructional objectives conveyed in Grades 5 and 6. Therefore, HOTS-
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based science questions that would be developed focus on six instructional objectives (from two science materials) for
each grade.

Table 2 also portrays a clear evolution of complexity, as evident in the “Force” topic between Grades 5 and 6. In
Grade 5, HOTS objectives focused on explaining and identifying applications of force, such as identifying motion
based on observable examples. However, in Grade 6, the HOTS objectives were significantly more advanced, where
students were asked to analyze, evaluate, and construct explanations about how variables like friction, surface texture,
and body energy impacted motion and work. This shift reflected a transition from a basic conceptual stratum to more
complex scientific reasoning, integrating physics and physiology. Thus, the HOTS objectives in Grade 6 not only
required interpretation of the correlation between concepts but also demanded transferable reasoning to real-world
scenarios, supporting the development of critical and scientific thinking.

To support the results of Table 2, HOTS-based instructional objectives were interpreted in terms of assessment
question types. Figure 1 presents assessment question types determined from the nexus between instructional

objectives and HOT'S-based learning objectives (C4-C6).

HOTS Assessment
learning question
objective types

MCQ 4 options
C4 > with conceptual
knowledge

C 5 - S C:‘omplex MCQ
with conceptual

knowledge
C 6 — 5  Essaywith
procedural and
metacognitive knowledge

Instructional
objective

Figure 1. Correlation of instructional objectives, HOTS-based learning objectives, and assessment question types.

Based on Figure 1, the fourth instructional objective at each grade level was designed to foster students’ analytical
thinking of HOTS. To effectively measure analytical ability (C4), a multiple-choice question (MCQ) with four answer
options was designed. This format targeted students’ conceptual knowledge, enabling assessment of their ability to
differentiate, organize, and relate ideas. The fifth instructional objective focused on evaluation skills (C5), which were
assessed using a complex MCQ format. This format required students to process and judge conceptual knowledge
critically. Finally, the sixth instructional objective aimed to develop students’ creation skills (C6). To capture this
advanced cognitive process, questions were designed in an open-ended essay format, emphasizing metacognitive
knowledge. This format allowed students to reflect, plan, and generate original responses, making it suitable for
evaluating their capacity to create new ideas or solutions. This structured alignment between instructional objectives,
cognitive processes, and assessment question types ensured that the assessments meaningfully measured the targeted
HOTS components in a valid and pedagogically sound manner.

After obtaining the instructional objectives, HOTS-based learning objectives, and assessment question types, the

next phase of designing and developing the HOTS-based science questions is necessary. The following subsection
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rigorously elaborates on the question model and all related information to ensure compliance with good assessment

instruments.

4.2. Phase II: Design and Development

HOTS-based science questions were designed and developed according to the results of Phase 1. Before

developing the HOTS-based science questions, this study designed the blueprint of the assessment instruments for

each grade (Table 3).

Table 3. Blueprint of assessment instruments for Grades 4, 5, and 6.

Grade | Topic materials-Instructional objective-HOTS Question types %3:;:)1::
4 Objects and their properties-Instructional objective 4-C4 MCQ 4 options 1
Objects and their properties- Instructional objective 5-C5 Complex MCQ 2
Objects and their properties- Instructional objective 6-C6 Essay 3
Energy- Instructional objective 4-C4 MCQ 4 options 4
Energy- Instructional objective 5-C5 Complex MCQ 5
Energy- Instructional objective 6-C6 Essay 6
5 Force- Instructional objective 4-C4 MCQ 4 options 1
Force- Instructional objective 5-C5 Complex MCQ 2
Force- Instructional objective 6-C6 Essay 3
Ecosystem- Instructional objective 4-C4: MCQ 4 options 4
Ecosystem- Instructional objective 5-C5 Complex MCQ 5
Ecosystem- Instructional objective 6-C6 Essay 6
6 Circulatory system- Instructional objective 4-C4 MCQ 4 options 1
Circulatory system- Instructional objective 5-C5 Complex MCQ 2
Circulatory system- Instructional objective 6-C6 Essay 3
Force (Exploration)- Instructional objective 4-C4 MCQ 4 options 4
Force (Exploration)- Instructional objective 5-C5 Complex MCQ 5
Force (Exploration)- Instructional Objective 6-C6 Essay 6

Based on the above blueprint, Tables 4, 5, and 6 portray the developed questions for the science subjects at the

fourth grade of elementary school level.

Table 4. HOTS-based science questions for Grade 4.

Sci topic | HOTS-based instructional . ]
crence opie ;- o-based  MSTUCHOnat | HOTS-based science questions
materials objectives
Objects and their | Explaining the impact of | Instruction:
properties water  pollution on  the | What are the impacts of water pollution on living things?

environment

Answers:
A. Water becomes cleaner and healthier.
B. Fish and aquatic animals can die.
C. Plants grow more fertile.
D. No impact on the environment.

Identifying ways to maintain
the availability of clean water

Instruction:
Choose two ways that can be done to maintain the availability
of clean water.
Answer:
o Saving water usage
o Throwing garbage into rivers
o Planting trees in water catchment areas
o Using water excessively

Explaining how to prevent
flooding due to high rainfall

Instruction:

Explain three ways that can be done to prevent flooding due
to high rainfall!

Answer:

(Individual essay portraying the ways of preventing floods)
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Science topic | HOTS-based instructional HOmS hasedl e e Slquestons

materials objectives
Energy Identifying changes in energy | Instruction:
forms in everyday life What energy changes occur in an electric iron?

Answer:
A. Electrical energy becomes heat energy
B. Chemical energy becomes kinetic energy
C. Light energy becomes electrical energy
D. Electrical energy becomes sound energy

Identifying the benefits of | Instruction:

renewable energy in everyday | Choose two benefits of using solar energy:

life Answer:

o Reduce fossil fuel use

o Increase air pollution

o Generate electricity in an environmentally friendly
way

o Deplete natural resources

Explaining how to save | Instruction:
energy in everyday life Explain three ways that can be done to save electrical energy
at home!

Regarding Table 4, the six developed science questions were categorized as HOTS-based because they required
students to engage in complex cognitive processes aligned with analysis (C4), evaluation (C5), and creation (C6) levels
of Bloom’s Taxonomy. For example, the questions about the effect of water pollution and changes in energy forms
required analytical thinking, as students must examine causative relationships for example, how pollutants damage
aquatic ecosystems or how forms of energy are transformed in household tools. Meanwhile, questions asking students
to choose appropriate actions (e.g., saving water or using solar energy) support evaluation skills, as students must
examine the effectiveness and consequences of various behaviors based on environmental value. Finally, the open-
ended questions involved creation skills such as explaining methods to prevent flooding or save electricity at home.
Students synthesized knowledge and created new solutions or procedures in response to real-world problems,
displaying their ability to make concepts more tangible in different contexts. These tasks required students to answer
questions beyond simple recall or comprehension, requiring them to think at higher levels to interpret, justify, or
construct responses. Thus, all of the questions not only assessed content understanding but also fostered critical,

responsible decision-making aligned with scientific literacy and sustainability goals.

Table 5. HOTS-based science questions for Grade 5.

Sci topic | HOTS-based instructional
cience topie ased mistructiona HOTS-based science questions

materials objectives
Force Identifying the relationship between | Instruction:
force and motion in everyday life When someone pedals a bicycle, the force that works is....

Answers:
A. Magnetic force and friction force
B. Muscle force and friction force
C. Gravitational force and electrical force
D. Spring force and friction force

Determining  examples of the | Instruction:
application of style in everyday life | Choose two examples of the application of style in
everyday life.
Answer:
o Kicking a ball so that it moves forward
o A car moves without being driven by an engine

o A magnet attracts metal objects
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Science topic | HOTS-based instructional
R P L. HOTS-based science questions
materials objectives

o A rock remains on the ground without any force
being applied

Explaining the effect of force on | Instruction:
objects and providing examples of | Explain how force can change the shape, direction, and

its application. speed of an object! Give one example of each.
Answer:
(Individual essay)
Ecosystem Identifying the impact of | Instruction:
environmental change on | What happens if the snake population in an ecosystem
ecosystems decreases drastically?
Answer:

A. Rat population increases

B. Rat population decreases

C. Eagle population increases
D. No change in the ecosystem

Determining how to maintain | Instruction:
ecosystem balance Choose two ways that can be done to maintain ecosystem
balance.
Answer:
o Planting trees to protect animal habitats
o Dumping industrial waste into rivers
o Reducing the use of hazardous chemicals
o Fishing with explosives

Explaining the impact of human | Instruction:

activities on ecosystem balance Explain three human activities that can damage the
balance of the ecosystem and their impacts.

Answer:

(Individual essay)

According to Table 5, the six developed questions on the topics of Force and Ecosystem in Grade 5 were classified
as HOTS-based because they required students to demonstrate analysis, evaluation, and creation skills, as outlined in
Bloom’s HOTS taxonomy.

For instance, the question about pedaling a bicycle and identifying the working forces demanded analytical
thinking (C4), as students must distinguish between different force types and their real-life applications. Similarly,
recognizing the consequences of a decreasing snake population required students to analyze ecological relationships
and predict chain reactions in food webs.

Questions that asked students to select appropriate actions, such as maintaining ecosystem balance or identifying
examples of force, required evaluative thinking (C5), as students must assess which behaviors aligned with scientific
principles and environmental sustainability. Finally, the open-ended essay questions, such as explaining how force
affects objects or how human activities disrupt ecosystems, required creating skills (C6). These tasks challenged
students to generate explanations, propose examples, and construct cause-and-effect reasoning based on conceptual
understanding.

Thus, each question was designed to promote deeper cognitive engagement and support critical scientific

thinking, essential for developing 21%t-century skills in elementary school students.
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Table 6. HOTS-based science questions for Grade 6.

Science topic
materials

HOTS-based
objectives

instructional

HOTS-based science questions

Circulatory
system

Diagnosing the effects of heavy
blood loss

Instruction:
What happens if someone loses a lot of blood?
Answers:

A. No effect on the body

B. The body becomes stronger

C. Lack of oxygen and nutrients

D. Blood will be replaced automatically

correct
the

Determining  the
statement regarding
circulatory system

Instruction:
Choose the correct statement about the human circulatory
system. (You can choose more than one option.)
Answer:
o  The heart has four main chambers
o Arteries carry oxygen-rich blood
o Veins carry oxygen-rich blood
o Red blood cells function to transport oxygen

Explaining how to maintain a
healthy circulatory system

Instruction:

Raka is a teenager who often eats fast food, rarely exercises,
and often stays up late. Lately, he has been feeling tired easily,
and his heartbeat is irregular. His science teacher asked Raka
to change his lifestyle so that his circulatory system remains
healthy. Based on the case, create a healthy lifestyle plan for
Raka that can help maintain the health of his circulatory
system. Explain the reasons for each action you suggest!
Answer:

(Individual essay)

Force
(Exploration)

Analyzing factors that
influence  the  speed  of
movement of an object,
specifically humans, based on
training and energy.

Instruction:
In the park, there are two children running at different speeds.
Ani runs faster because she has been practicing regularly, while
Budi runs slower and seems to get tired quickly. After a few
meters, Ani arrives at the finish line, while Budi is still far from
the finish line.
‘What affects the running speed of Ani and Budi based on this
case study??
Answer:
A. Ani's body mass is lighter, so she can run faster.
B. Ani has more energy because she exercises, so she gets
there faster.
C. Budi wears heavier shoes, so he runs slower.
D. Budi runs slower because his body is bigger and
stronger.

Evaluating the influence of
weight, surface, and friction on
the motion of objects in
everyday life.

Instruction:

Two friends, Rina and Dito, are trying to move two different
objects. Rina is trying to push a large wooden table, while Dito
is pushing a small plastic table. Rina finds it difficult to move
the wooden table, even though she pushes it hard. Meanwhile,
Dito can easily move the plastic table, even though he pushes it
with the same force. Which factors influence Rina's difficulty in
moving the wooden table and Dito's ease in moving the plastic
table? Choose the two most appropriate answers!

Answer:

A. The wooden table is heavier than the plastic table, so
it requires a greater pushing force to move it.

B. The frictional force between the wooden table and the
floor is smaller than the frictional force between the
plastic table and the floor, so the plastic table moves
more easily.

C. The wooden table has a rougher surface, so the
frictional force between the wooden table and the floor
is greater than the plastic table.
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Science topic
materials

HOTS-based
objectives

instructional

HOTS-based science questions

D. The plastic table is lighter, so the pushing force
required is smaller to move it.

Producing explanations about
the relationship between force,
energy, and work in real
situations, and explaining how
the body uses energy to do
work in two different types of

Instruction:

In a school, two types of games involve movement: tug-of-war
and basketball. In tug-of-war, two teams must pull a rope as
hard as they can to make their opponents fall to their side. In
basketball, players must throw a ball into a basket while
moving.

activities. Budi, a student who participates in both games, realizes that in
tug-of-war, he gets tired more quickly because he has to work
harder to pull the rope. However, when playing basketball,
even though he runs, he feels less tired and can run longer.
Explain what happens in these two games in relation to the
concepts of force, energy, and work. Why does Budi get tired
more quickly when playing tug-of-war than when playing
basketball? Explain how the concepts of force, energy, and
work play a role in these two games, and how Budi’s body uses
different forces and energy in each game.

Answer:

(Individual essay)

Regarding Table 6, the questions developed on the Circulatory System and Force (Exploration) topics for Grade
6 were categorized as HOTS-based because they stimulated students’ higher-level thinking through analysis,
evaluation, and creation skills.

For example, the questions requiring students to diagnose the effects of heavy blood loss or analyze factors
affecting running speed reflected analytical thinking (C4), as students must interpret physiological or physical
relationships and identify cause-and-eftect patterns from real-life scenarios. Meanwhile, items that asked students to
evaluate statements, such as judging the correctness of circulatory system facts or identifying the most influential
factors in object movement, required evaluative thinking (C5). Students must examine evidence, compare alternatives,
and determine which responses align with scientific underpinnings.

Most notably, the open-ended questions activated creative thinking (C6), such as creating a lifestyle plan for Raka
or explaining differences in energy use between tug-of-war and basketball. These questions required students to
synthesize knowledge, apply abstract scientific principles to practical contexts, and generate their own solutions. The
scenarios encouraged reflection on personal or observable experiences, enhancing the authenticity of learning.
Overall, these questions were purposefully designed to move beyond rote memorization and challenge students to
reason scientifically, make judgments, and generate explanations, in line with the goals of fostering higher-order
thinking and real-world problem-solving.

After the blueprint was developed into question forms, the developed HOTS-based science questions were
required to be tested for their validity and reliability. The following subsection reports the results of IRR, CVR, CVI,

and ICR measures.

4.3. Phase I1I: Evaluation

In this subsection, this study reports two different evaluation stages: the experts’ validation results and a test
trial result with 120 elementary school students. Moving into the experts’ validation results, this study portrayed the
degree of score agreement among the three validators using the intra-class coefficient (ICC) test, revealing the inter-

rater reliability (IRR) scores. Table 7 shows the results of the ICC test.
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Table 7. Results of the ICC test.

Measurement type ICC F p
Single measures 0.372 11.640 0.000
Average measures 0.914 11.640 0.000

Table 7 indicates the consistency or agreement among raters in evaluating a set of items. The single measures
ICC value of 0.372 suggests a fair level of agreement when considering individual raters’ scores independently.
However, this value was relatively low, meaning there was considerable variation in scoring across individual raters.
In contrast, the average ICC value was 0.914, reflecting excellent reliability when the scores from multiple raters
were averaged. This indicates that, as a group, the raters demonstrated a high level of consistency. The F-value of
11.640 with a p-value of 0.000 indicates that the results were statistically significant, confirming that the agreement
among raters was not due to chance. Overall, while individual ratings varied, combining ratings significantly
improved the reliability of the assessment, supporting the validity of using multiple raters to evaluate HOTS-based
science questions.

After confirming that the validators' scores were reliable, the validation test was conducted for the content aspect
of the developed HOT'S-based science questions. In this case, CVR and CVI were examined to assess the degree of

validity (Table 8).

Table 8. Results of the CVR and CVI tests.

A Validators CVR
1 2 3

Questions are in accordance with the objectives and assessment indicators. 4 3.8 4 +0.33

The questions presented are in accordance with the dimensions of knowledge | 4 3.6 4 +0.33

and the dimensions of cognitive processes.

The answer choices are homogeneous and logical. 4 4 4 +1.00

The reason for the answer key is logical and in accordance with conceptual | 4 4 4 +1.00

truth.

The language used is clear and appropriate for elementary school students, so | 4 4 4 +1.00

that it is easy for students to understand.

CVI +0.73

According to Table 8, the results of the CVR and CVI show that the developed HOTS-based science questions
meet acceptable content validity standards. According to the table, three validators assessed five aspects of the
questions. Two aspects yielded a CVR of +0.33, indicating moderate agreement among experts. While not perfect,
these values still contributed positively to the overall validity. The other three aspects scored the maximum CVR of
+1.00, reflecting full agreement among validators. When averaged, the CVI = +0.73, which exceeded the acceptable
threshold of 0.70. This suggests that, overall, the developed HOTS-based science questions are valid and appropriate
for assessing students’ science knowledge and higher-order thinking skills at the elementary level, with strong
agreement particularly in terms of clarity, logical consistency, and conceptual accuracy.

Afterward, the developed HOT'S-based science questions were trialed with 40 students from each grade in both
public and private schools. The scores obtained from the students were used to calculate the Cronbach’s o value

through the administration of the ICR test. Table 9 portrays the obtained Cronbach’s a value for each grade.

Table 9. Results of the ICR test.

Aspects N | Cronbach’s a | Category

HOTS-based science questions for Grade 4 40 0.825 Very high reliability
HOTS-based science questions for Grade 5 40 0.832 Very high reliability
HOTS-based science questions for Grade 6 40 0.855 Very high reliability
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The results of the reliability analysis using Cronbach’s a show that the HOTS-based science questions developed
for elementary students possess very high internal consistency across all grade levels. For Grade 4, the instrument
yielded a Cronbach’s a of 0.825 based on the responses of 40 students, indicating that the items consistently measure
higher-order thinking skills for science topic materials. Similarly, the questions for Grade 5 showed a reliability
coefficient of 0.832, also categorized as very high, suggesting that the items are well-aligned and reliably assess the
intended constructs for HOTS and science topics in Grade 5. At last, for Grade 6, the Cronbach’s & value was slightly
higher, namely 0.855, within the very high category. Overall, the high reliability coefficients across all three grade
levels demonstrate that the assessment instruments are consistent and appropriate for use in educational practice.
Therefore, based on the three phases undertaken to develop HOTS-based science questions for the elementary level,

the assessment instruments were said to be valid and reliable.

5. DISCUSSION

This study highlights the necessity for well-structured and sequential instructional objectives appropriate to the
scaffolding concept, which moves from lower-order thinking skills (LOTS) to higher-order thinking skills (HOTS).
The curriculum analysis conducted showed that each IO in science learning is organized from the stages of
memorizing (C1), understanding (C2), applying (C3), analyzing (C4), evaluating (C5), and creating (C6). This
sequence aligns with Bloom’s cognitive taxonomy, which has been recognized as a basis for improving an individual’s
cognitive skills. The nature of scaffolding in HOT'S-based science learning is important for the gradual evolution of
students’ thinking skills (Alanazi, Osman, & Halim, 2024). If students are immediately given tasks or questions that
require HOTS without a strong LOTS basis, they are at risk of experiencing confusion or learning failure (Alrawili,
Osman, & Almuntasheri, 2020). On the contrary, by scaffolding students’ cognitive development from basic to
complex stages, they not only gain knowledge but also develop critical, analytical, and reflective thinking skills
simultaneously (Jayarajah, 2017). This can ultimately increase the effectiveness of the learning process because
students can link their prior knowledge to the latest one, solve problems creatively, and make decisions logically
(Ansori, Arianto, & Khotimah, 2024). Thus, 10 should be structured following the flow from LOTS-based to HOTS-
based learning goals as an important foundation in forming complete and sustainable cognitive skills.

In addition, this study found that there are three knowledge types used in the IOs of the science subject at the
elementary level, namely conceptual, procedural, and metacognitive knowledge. This study accommodates the three
knowledge areas in the developed HOTS-based science questions fairly to the subskills of HOTS: conceptual
knowledge with C4 and Cs5 skills, and procedural and metacognitive knowledge with C6 skills. Conceptual knowledge
provides a basis for information and data (Pokojski, Oleksinski, & Pruszynski, 2019; Rittle-Johnson & Siegler, 2022);
procedural knowledge allows students to generate procedures of scientific activities (Cooper, 2019); while
metacognitive knowledge helps students realize their perceived thinking and reflect on their learning process (Rivas,
Saiz, & Ossa, 2022). The use of these three types of knowledge at a high cognitive level is very crucial because HOTS
requires complex thinking skills, such as analyzing arguments, evaluating evidence, and producing innovative
solutions (Hamzah et al., 2022). The chronological use of knowledge from conceptual to metacognitive aligns with
the scaffolding approach, which provides gradual support to students according to their level of cognitive
development. Students first acquire conceptual and procedural knowledge before they can think reflectively and
independently. Related to this, systematic knowledge is integrated into the instructional objectives as a strategic step
to improve HOT'S effectively. This ensures that students not only master the knowledge but are also able to apply it
in real-life scenarios, aligned with the core of meaningful and transformative learning.

During the development of HOTS-based science questions, operational instructional verbs such as explaining,
identifying, diagnosing, and analyzing were used to measure C4 level thinking skills (analysis) in Bloom’s Taxonomy.
Previous studies highlight that analyzing skills involve the ability to break down information into parts, identify

relationships between parts, and explain the logical structure of a concept (Rahman, 2019; Rasheva-Yordanova, Iliev,

353
© 2026 Conscientia Beam. All Rights Reserved.



International Journal of Education and Practice, 2026, 14(2): 338-359

& Nikolova, 2018). Thus, the four verbs are considered the most representative in stimulating the analytical thinking
process. To measure C5 skills (evaluation), operational instructional verbs such as identifying, determining, and
evaluating were used to formulate questions. Based on previous research, level C5 skills are related to the ability to
assess arguments, ideas, or procedures based on certain criteria, so these verbs are used to trigger critical reflection
and in-depth decision-making processes (Rustam & Priyanto, 2022). Finally, for C6 level skills (creating), this study
used explaining and producing as the operational instructional verbs. Previous studies have shown that this level
reflects the ability to formulate new ideas, design solutions, or create products based on performed analysis and
evaluation (Ichsan & Rahmayanti, 2020). The word "producing" directly encourages students to create something
original, while "explaining" supports the creative process by demanding coherent and logical reasoning as the basis
for creation. Thus, the selection of these instructional verbs aligns with research-based theory and practice to measure
HOTS appropriately.

This study also found that the use of different question formats is appropriate to the cognitive level measured,
including MCQ with four options for the C4 level, Complex MCQ for the C5 level, and an open-ended essay for the
C6 level. This consideration of question format is based on previous studies, which explain that multiple-choice
questions are usually effective for measuring analytical skills because they require students to distinguish, organize,
and connect information (Maryani et al., 2021).

Meanwhile, complex MCQs carrying complex stimuli, such as contextual cases, are used to measure evaluation
skills (C5), because this question type requires logical reasoning and decision-making based on previously determined
criteria (Maryani et al.,, 2021). For the C6 level, the essay question type was chosen because it requires students to
compose, develop, and express new ideas in an original way, which is the core of creative skills (Maryani et al., 2021).
The use of MCQ with four options, complex MCQ, and essays is emphasized by many studies as relevant in measuring
HOTS in students (Edussuriya, Waduge, Lamawansa, & Samaranayake, 2018; Javaeed, 2018; Suswanti, Solikhin, &
Ginting, 2024).

Finally, this study uses the Content Validity Ratio (CVR) and Content Validity Index (CVI) tests to ensure the
validity of the developed HOTS-based science questions as assessment instruments, the Intraclass Correlation
Coefticient (ICC) to assess inter-rater reliability, and the Internal Consistency Reliability (ICR) to measure the overall
reliability of the instrument.

A number of studies developing assessment instruments also adopt these measurements because they can provide
more robust information about content relevance and consistency (Rosli, Mokhsein, & Suppian, 2023; Wahyuni,
Sarwanto, & Atmojo, 2024). ICC is important to ensure agreement between raters, especially in subjective
assessments (Hoyt, 2018), while ICR is used to ensure that all instrument items work consistently in measuring the
same competency (Pratama, Imaniar, Lestari, Anam, & Rochmawati, 2024). The novelty of this study lies especially
in the combination of measurements used to validate the assessment products developed.

In conclusion, while the assessment instruments established in this work have been shown to be valid and
trustworthy, several limitations must be acknowledged. In practice, teachers may need to adjust questions based on
the demands of the classroom environment, student characteristics, or special learning objectives. The HOTS
question model developed has the potential to be utilized as an international reference, particularly for elementary
school pupils, although its use will vary depending on the curriculum background of each country. Furthermore, this
study is restricted to three question types: essay, difficult multiple-choice, and multiple-choice with four possibilities.
Therefore, further evaluation is needed if the instrument is to be applied in other question forms such as short answer,
matching, or performance-based assessment. At last, this study only focuses on the development of assessment
instruments and does not cover HOTS-based teaching strategies. For this reason, forthcoming researchers are
advised to design a standardized HOTS-based science learning model so that it supports the assessment instruments

that have been developed.
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6. CONCLUSION

This study develops HOTS-based science questions as assessment instruments using the Design and
Development Research (DDR) model, consisting of three phases: analysis, design and development, and evaluation.
In the analysis phase, this study examines the instructional objectives in science learning at the elementary level. This
study found that the instructional objectives have been arranged starting from the lower-order thinking skills (LOTS)
to the higher-order thinking skills (HOTS). This shows that the undertaken science learning has adopted a scaffolding
approach, where science education guides students from familiarizing themselves with science content to creating
ideas or solutions to science problems. The HOTS-based instructional objectives cover analytical, evaluative, and
creative thinking processes, demanding students to conceive conceptual, procedural, and metacognitive knowledge,
respectively. In the design and development phase, this study uses three assessment question types, namely multiple-
choice questions with four options, complex multiple-choice questions, and essays, to accommodate the learning
objectives of science topic materials and HOTS. In the evaluation phase, this study conducted rigorous validity and
reliability tests to ensure that the developed HOTS-based science questions were consistent with the curriculum
contents and C4, C5, and C6 skills. This study is limited by the sample size as participants came only from one public
school. In the future, we aim to expand the tested participants to be able to capture more representative data from a

wider area.
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