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Abstract

Assessment in mathematics education in the 21st century should be more directed at higher-
order thinking skills (HOTS). Not only teachers but also prospective mathematics teachers should
be supported to design and carry out HOTS assessments. This qualitative study applying a
phenomenology approach was mainly conducted to investigate the challenges that prospective
mathematics teachers face in developing HOTS questions, including their strategies for dealing
with these challenges. Our informants were 20 students of master’'s program in mathematics
education. They were enrolled in the assessment of mathematics learning course, which was
designed with a project-based learning model. Considering the learning model used, the purpose
of this study then was extended to explore the benefits of implementing a project-based learning
model in supporting student competence in developing HOTS questions. Data collection was
carried out by (1) administering open-ended questionnaires; (2) observing the end product in the
form of mathematics learning achievement tests and test blueprints; and (3) involving two experts
who worked independently to judge the questions posed by students based on levels in the
cognitive process dimension in the revised Bloom's taxonomy. Data collected from the open-
ended questionnaire were analyzed qualitatively, while data from observation and judgment by
experts on the end product yielded by students were analyzed descriptively. Our study supports
previous studies, which demonstrate that the application of a project-based learning model that
involves students to develop HOTS questions deepens students’ knowledge of assessment. In
developing HOTS questions, students struggled more in matching action verbs, item indicators,
and test items to the level of cognitive process they defined, as well as constructing multiple-
choice HOTS questions. The strategies that students took in dealing with challenges that arose in
developing HOTS questions indicate that students regulate their learning.

Keywords: higher-order thinking skills, HOTS question, mathematics learning assessment, posing
mathematics problem, project-based learning, teacher professional development
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Contribution to the literature

e This study has revealed that prospective mathematics teachers still experience challenges in developing
HOTS questions even though they have been facilitated to acquire and deepen their knowledge and skills
about HOTS in the assessment of mathematics learning course.

e ltis still a challenge for prospective mathematics teachers to develop HOTS questions based on the level
of cognitive process and action verbs on indicators, especially when an action verb can represent two
different levels of cognitive process in the revised Bloom’s taxonomy.

e It is more challenging for prospective mathematics teachers to develop multiple-choice HOTS questions
than essay or constructed-response types. Project-based learning model can be used in a course that
focuses on preparing prospective mathematics teachers to become professional teachers in the future.

the learning process, starting from developing lesson
plans, actualizing lesson plans to facilitate learning in the
classroom, to conducting assessments that are intended
to improve learning or assess student competencies.
Teachers have their own responsibility in ensuring that
what is planned and actualized through the learning
process in class can support students in achieving the
standard competencies set out in the curriculum
document.

Regarding the strategic role that teachers have in
providing good quality education and learning for
students, previous studies have attempted to identify the
essential knowledge or competencies that teachers must
have to become competent teachers. Kyriacou (2007) has
identified crucial competencies that teachers need to
have, which he divides into three elements, namely
knowledge, decision-making, and action. From these
three elements, it can be further explained that a teacher

(1) must grasp adequate knowledge about the
content he teaches, students, curriculum, models
or strategies of learning, assessments, and factors
that can influence student learning,

(2) can decide everything from before, during, and
after learning that supports students to achieve
the competencies that have been set, and

(3) behave well in optimizing student learning
(Kyriacou, 2007).

What is mentioned by Kyriacou (2007) regarding
essential knowledge of teacher basically refers to content
knowledge (CK) (Shulman, 1986) or knowledge base
(Shulman, 1987) of teacher, one of which is pedagogical
content knowledge (PCK). PCK is related to the teacher’s
knowledge of facts, concepts, principles, and procedures
in the content of the subject and how to organize them
so that they can be easily learned by students with
various characteristics including knowledge of learning
difficulties or misconceptions that students may have
and strategies to help students to overcome them
(Mishra & Koehler, 2006; Shulman, 1986, 1987).
Knowledge of students” misconceptions can be the main
basis for teachers to design and carry out learning and
conduct assessments (Park & Oliver, 2008). Therefore,
PCK can also be associated with the teacher’s knowledge
of
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(1) aspects of student learning that need to be
assessed,

(2) appropriate procedures, instruments, techniques,
or activities of assessment to use, and

(3) the advantages and disadvantages of using these
assessment procedures, instruments, techniques,
or activities (Magnusson et al., 1999; Park &
Oliver, 2008).

Mathematics learning in the 21st century that is
recommended to focus more on promoting higher-order
thinking (HOT) (Brookhart, 2010; Richland & Simms,
2015) by implementing several learning strategies or
models that have been proven to support this goal such
as problem-based learning (Djidu et al., 2021; Jailani et
al., 2017) and project-based learning (Holmes & Hwang,
2016; Suherman et al., 2020; Takiddin et al., 2020).
Likewise, assessment in mathematics education is also
expected to be more directed at the development of
students” higher-order thinking skills (HOTS) (Radmehr
& Vos, 2020). Based on a review of various literature,
Schulz and FitzPatrick (2016) found that the term HOTS
is often equated with other thinking skills such as critical
thinking, creative thinking, and metacognitive thinking.
This view of the similarity of the term HOTS with other
thinking skills is used by Brookhart (2010) in defining
HOTS. She argues that HOTS is a student’s skill in

(1) applying the knowledge and skills he already has
through involvement in learning into a context he
has never thought of before,

(2) critical thinking, which includes reasoning,
reflection, and making wise decisions, and

(3) solving problems whose solving strategies cannot
be identified directly, including open-ended
problems.

She added that the transfer of knowledge and skills
that students have constructed into these new situations
requires the skills of analyzing, evaluating, and creating.
These three skills are the top three levels in the cognitive
process dimension in the revised version of Bloom’s
taxonomy (Anderson & Krathwohl, 2001; Krathwohl,
2002).

To carry out an assessment that focuses on HOTS, the
teacher must not only have sufficient knowledge about
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HOTS and contents but must also understand how to
measure or assess HOTS, including characteristics of the
questions or problems that should be used. Knowledge
related to this matter also needs to be owned and
mastered by prospective teachers including experience
in developing HOTS questions. Singer et al. (2013)
suggested that not only teachers, but prospective
teachers should also be given more opportunities and
support to develop their competencies in developing
measurement instruments. Previous studies have been
carried out in relation to exploring the teachers’
knowledge of HOTS and its assessment (e.g., Retnawati
et al., 2018; Schulz & FitzPatrick, 2016; Thompson, 2008)
and their experience in developing instrument to
measure HOTS (e.g., Dahlan et al., 2020; Saepuzaman et
al., 2022; Sinta et al., 2022; Wisrance & Semiun, 2020).
Meanwhile, the abilities and challenges that prospective
teachers, especially prospective mathematics teachers,
face in developing HOTS questions are still
understudied.

LITERATURE REVIEW

Higher-Order Thinking Skills

HOTS is still an interesting topic to discuss and study
in mathematics education because it is one of the focuses
in the implementation of mathematics learning and
assessment of mathematics learning worldwide
(Brookhart, 2010; Drijvers et al., 2019; Forster, 2004; Liu
et al., 2022; Radmehr & Vos, 2020; Richland & Simms,
2015). HOTS has been associated with other types of
thinking skills, such as creative thinking, critical
thinking, reasoning, decision-making, and
metacognitive (Apino & Retnawati, 2017; Brookhart,
2010; Evidiasari et al.,, 2019, Hmelo & Ferrari, 1997;
Jjirana et al., 2021; Lewis & Smith, 1993; Newmann, 1991;
Zhou et al.,, 2023). This association is based on the
conception that these thinking skills all require skills in
interpreting, analyzing, or manipulating knowledge or
information; not just skills in applying prior knowledge
(Newmann, 1991). Lewis and Smith (1993) suggested
that HOTS is thinking skills used to achieve a goal or to
deal with a confusing situation or context by
interrelating and expanding existing knowledge and
new knowledge acquired. They added that the goals that
can be achieved with HOTS can be deriving decisions
about what to believe or do, creating new things or ideas,
and solving non-routine problems. By referring to the
two-dimensional framework in revised Bloom's
taxonomy, HOTS is interpreted as skills in analyzing,
evaluating, and creating when confronted with three of
the four categories of knowledge in the knowledge
dimension, namely conceptual, procedural, and
metacognitive knowledge (Anderson & Krathwohl,
2001; Retnawati et al., 2018). Skills in analyzing refer to
skills in sorting out ideas from an overall idea based on
their relevance, identifying coherent interrelations

among relevant ideas, and determining values, biases
that may exist, conclusions, or points of view from the
interrelations of relevant ideas. Meanwhile, skills in
evaluating represent skills in judging or assessing a
given context based on certain criteria (e.g., quality and
consistency) and quantitative or qualitative standards.
Finally, skills in creating are related to skills in providing
various alternative solutions to problems or deriving
hypotheses, developing plans to solve problems, and
producing a product with certain specifications
(Anderson & Krathwohl, 2001).

Students need to have good HOTS because it is
critical to grasp in-depth conceptual and disciplinary
understanding (Heron & Palfreyman, 2021) and to
enable students to use the prior knowledge they have
constructed and the understanding they already have to
obtain reasonable responses or solutions to the problems
or contexts they face (Liu et al., 2022). In addition, Liu et
al. (2022) also emphasize that it is important for students
to develop their HOTS because these skills are needed so
they can be creative. Creativity is one of the keys to
success in all fields and in the midst of rapid
development (Liu et al., 2022) and trigger someone to be
able to find new ideas or make discoveries that might
change the world in a better direction (Marczewska et
al., 2023). Thus, we argue that it is impossible for a
student’s creativity to develop optimally if the student is
not given the opportunity to engage in mathematical
activities and tasks that require HOTS. By using the same
idea, we support what Van den Berg (2004) and
Radmehr dan Vos (2020) said that in order for students’
HOTS to develop, students should be facilitated and
guided to engage in activities and tasks that deliberately
promote HOTS. Before engaging in such activities and
tasks, students need to be facilitated first to have good
basic knowledge and understanding in addition to
having the ability to recall of information. In addition,
efforts to develop student HOTS also need to be
accompanied by the creation of a thinking environment
that allows students to receive the necessary support,
feel confident in their abilities, and address error-making
as a learning process and an opportunity to learn (Van
den Berg, 2004). The provision of HOTS development
facilities needs to be supported by the spirit that all
students have the right and are able to access these
facilities (Lewis & Smith, 1993; Newmann, 1991; Van den
Berg, 2004; Zohar & Dori, 2003) because all students are
able to face the challenges that require them to interpret,
analyze and manipulate the knowledge they already
have (Newmann, 1991).

Because the topic of HOTS is very interesting to
discuss, extensive studies have been conducted to
explore the topic with various focus of interest. Through
bibliometric analysis using metadata of journal articles
from Web of Science database from 1984 to 2020, Liu et
al. (2022) have found that “higher-order thinking ability,
instruction of higher-order thinking, the curriculum and
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sections of higher-order thinking, and higher-order
thinking learning” (p. 635) became the top focus of
interest on HOTS topic in recent years. Their findings
suggest that many studies on HOTS have explored the
skills associated with HOTS; factors that may contribute
to the development of HOTS; learning practices that
promote HOTS through the application of certain
learning models, methods or strategies; and HOTS-
oriented learning in various disciplines and levels of
education. Thus, issues regarding the competence of
teachers or prospective teachers in designing learning,
implementing learning, designing learning assessments,
and carrying out learning assessments that focus on
promoting HOTS still need to be studied more. These
issues are very important to be explored because it
cannot be denied that the provision of learning facilities
for students to develop HOTS requires adequate
mastery of knowledge and competence about HOTS by
teachers. Several studies have been conducted to
investigate teachers’ and prospective teachers’
understanding of HOTS and its learning strategy (e.g.,
Barak & Shakhman, 2008; Retnawati et al., 2018;
Rianasari & Apriani, 2019; Schulz & FitzPatrick, 2016;
Thompson, 2008) and their competency in solving HOTS
problems (e.g., Retnawati et al., 2018), developing lesson
plan oriented to foster HOTS (e.g., Sa’adah & Anjarwati,
2022), and developing HOTS instruments (e.g.,
Machromah et al, 2019; Rianasari & Apriani, 2019;
Saepuzaman et al., 2022). However, studies that focus on
the competence of prospective teachers, especially in the
field of mathematics, in designing learning and
assessments that are intentionally oriented towards
promoting HOTS are still understudied.

Understanding and Competence of Teachers and
Prospective Teachers in Developing Tests

The learning process involves planning learning
activities, actualizing learning plans in the classroom,
and conducting learning assessments. Therefore,
teachers at least need to have competencies in these three
areas of learning process, as well as prospective teachers
who need to be prepared to master these competencies
through their teacher education program. By paying
attention to the three main activities that teachers need
to do in the learning process, facilitating student HOTS
development should not only be done through
designing learning and actualizing learning that
involves students in activities that deliberately promote
their HOTS, but should also be done through
assessment. Assessment is not only useful to find out the
extent of knowledge and competencies that students
have mastered (Nitko & Brookhart, 2011; Reynolds et al.,
2010), but also as a means for students to evaluate and
reflect on their thinking constraints and what they still
need to learn more and as a means for teachers to
develop students’” HOTS (Van den Berg, 2004). The
extent to which the assessment that the teacher designs
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and implements will be able to cultivate HOTS depends
on the type, technique, and method of assessment as well
as the tasks or problems presented in the assessment.
Thus, teachers and prospective teachers need to
understand these things, including being competent in
developing tests to measure and train students” HOTS,
as part of their PCK development (Rafi & Sugiman,
2019).

Test development, especially for summative
assessment purposes, is frequently carried out through
five main steps, namely conceptualizing the test,
constructing the test, conducting test tryout, analyzing
data from the test tryout results, and revising based on
the results of the analysis (Cohen & Swerdlik, 2018;
Retnawati, 2016). Test conceptualization is a step, where
teachers as test developers identify the specifications of
the tests they want to develop. The test specifications
that the teacher can set at least include the objective of
the test, the construct variable that is the focus of the test,
which is derived based on the results of the theoretical
review, the target of the test, the content included in the
test, how to administer the test, the format of the test
items to be used (selected- or constructed-response), test
item indicators, and scoring for each test item and the
entire test item based on student responses. The test
specifications are presented in a table, called a blueprint,
which then becomes a guide for the teacher in
constructing the content of the test. In developing tests
that focus on measuring and promoting HOTS, it is
common to use the action verbs suggested in the revised
Bloom’s taxonomy (see Anderson & Krathwohl, 2001;
Newton et al., 2020; Retnawati, 2016; Sideeg, 2016) in
constructing test item indicators. These action verbs
reflect the level or complexity of thinking that students
need to demonstrate to complete a test item.

Several studies have investigated teachers” or
prospective  teachers’ understanding of HOTS
assessment and teacher competence in developing tests
to assess HOTS. Retnawati et al.’s (2018) study have
demonstrated that mathematics teachers at the junior
high school level have understood various methods or
techniques, including problem or task characteristics,
which they can use to measure and assess HOTS.
However, their study did not find teachers’ responses
that connected HOTS assessments with the revised
Bloom’s taxonomy. Furthermore, Schulz and
FitzPatrick’s (2016) study revealed that even though all
science and social studies teachers who were subjects of
their study had heard of the (revised) Bloom's
taxonomy, all teachers admitted that they had not
understood and been taught to apply it in conducting
assessments. Most teachers did not even understand the
terms analyze, evaluate, and create, which are often
associated with HOTS. Regarding the competence of
teachers or prospective teachers in developing HOTS
questions, Rianasari and Apriani (2019) have found that
most prospective mathematics teachers have not been
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able to make HOTS questions correctly, where the
questions they have made only require thinking skills at
the third level in the domain of cognitive processes in the
revised Bloom’s taxonomy. What was found by
Rianasari and Apriani’s (2019) study was also found in
Sinta et al.’s (2022) study, where when developing tests
that focused on HOTS assessments, many test item
indicators that mathematics teachers construct did not
reflect and were not appropriate with the levels of
cognitive process in the revised Bloom’s taxonomy. In
addition, most of the test items they constructed
required only cognitive process at the bottom three
levels of the cognitive process dimension in the revised
Bloom’s taxonomy (i.e., remember, understand, and
apply).

What we have reported based on the aforementioned
previous studies indicates that teachers and prospective
teachers need to be facilitated and supported to have an
in-depth understanding of HOTS, including teaching
strategies and assessments that focus on HOTS, and
competent at it all. For prospective teachers, such
facilities and support can be realized by creating a
learning environment that integrates both theory and
practice to enable them to master a concept theoretically
and can apply it in practice confidently and effectively
(Radovi¢ et al., 2021, Wrenn & Wrenn, 2009). Such
learning environment is imperative, especially in
professional degree programs such as the teacher
education program, which is expected to facilitate
prospective teacher students to master education-related
concepts (e.g., pedagogy, learning, and assessment) and
content in their area of expertise and later apply it to
facilitate their students’ learning in the classroom. One
way to create a learning environment that integrates
theory and practice is to apply certain learning models,
one of which is project-based learning (Almulla, 2020;
Bell, 2010; Blumenfeld et al., 1991; Miller & Krajcik, 2019;
Nikolaeva, 2012). This learning model has been applied
to facilitate student learning across educational levels,
starting from elementary education to higher education,
and in wide range of disciplines (Al-Busaidi & Al-Seyabi,
2021). Project-based learning is a student-centered
learning model, where students are engaged in a series
of investigative or inquiry activities that requires them
to construct, apply, and integrate their knowledge to
solve authentic or nontrivial problems (Bell, 2010; Guo et
al., 2020). Blumenfeld et al. (1991) explained in more
detail that students can solve problems that are authentic
or nontrivial by doing the following activities.

“... asking and refining questions, debating ideas,
making predictions, designing plans and/or
experiments, collecting and analyzing data,
drawing conclusions, communicating their ideas
and findings to others, asking new questions, and
creating artifacts” (p. 371).

Although previous studies (e.g., Retnawati et al.,
2018; Rianasari & Apriani, 2019; Schulz & FitzPatrick,
2016; Sinta et al., 2022) have succeeded in identifying
teacher or prospective teacher obstacles in developing
HOTS questions, these studies have not explained with
certainty whether teachers and prospective teachers
have been given the facilities to develop HOTS
questions. The challenges that prospective teachers face
in developing HOTS questions when they have been
facilitated to understand HOTS and develop HOTS
assessments, especially through the implementation of
project-based learning, have unfortunately not been
extensively explored.

Research Questions

The current study mainly seeks to reveal the various
challenges experienced by students who were projected
to become mathematics teachers in developing HOTS
questions from their involvement in the assessment of
mathematics learning course designed by applying
project-based learning model. Their involvement in the
course is important in this study so that students’
challenges in developing HOTS questions were not
necessarily caused by the unavailability of facilities to
develop these competencies. Considering the setting and
main objectives to be achieved, there are four research
questions (RQ) that we address in this study as follows.

RQ1. How do students’ perspectives on the
implementation of the project-based learning model
in the assessment of mathematics learning course
relate to their competence in developing a
mathematics learning achievement test that contains
HOTS questions?

RQ2. What challenges or difficulties did students
experience in developing a mathematics learning
achievement test that contains HOTS questions based
on their opinions?

RQ3. What strategies have students used to
overcome challenges or difficulties in developing a

mathematics learning achievement test that contains
HOTS questions?

RQ4. What challenges or difficulties did students
experience in developing a mathematics learning
achievement test that contains HOTS questions based
on their end product?

METHODS

Design, Participants, and Context of the Study

This is a qualitative study that applied a
phenomenological approach to explore the challenges
faced by prospective mathematics teachers when
developing mathematical problems that require HOTS
and their strategies to address these challenges. This
qualitative study enabled us to understand in detail the
issues, phenomena, or contexts experienced by the
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participants in our study that are complex and difficult
(even impossible) to measure (Creswell, 2013). We chose
to use a phenomenological approach because we
thought that it fits our study objectives better than the
other four approaches to qualitative study (see Creswell,
2013). The phenomenological approach provides a
means of depicting and obtaining the essence of the
phenomena that groups of individuals directly
experience and how they experience and make sense of
these phenomena (Creswell, 2013; Teherani et al., 2015).
The phenomenon in this study was that students who
took the assessment of mathematics learning course
were facing a number of challenges in developing tests
that contain HOTS questions. In fact, in the course held
by applying the project-based learning model, students
have been facilitated to understand HOTS and
implement this understanding in developing tests.

A total of 20 (i.e., seven males and 13 females)
prospective mathematics teachers participated in this
study. They were second semester students of the
master’s program in mathematics education at a public
university who enrolled in the assessment of
mathematics learning course (two credits) in the same
class. The public university is one of the educational
personnel education institutes (lembaga pendidikan tenaga
kependidikan [LPTK]) in Indonesia. The assessment of
mathematics learning course is a compulsory course that
lasted 16 meetings (one meeting per week). There are no
prerequisites for the course. This course is focused on
facilitating students to learn about learning assessment
and its application in learning, especially mathematics
learning, including utilizing the results of assessment or
evaluation. Topics that students learn in this course
include tests, measurements, assessments, evaluations,
validity evidence and reliability estimation, qualitative
and quantitative item analysis, as well as the
development of instruments for assessment/evaluation
of learning, improvement of mathematics learning, or
mathematics education research. In addition to being
held classically, in that course, students were also
facilitated to deepen their understanding of assessment
of mathematics learning, especially in developing
measuring instruments in the form of tests, through a
project-based learning model. Therefore, by considering
the learning model that was applied in the course, in
addition to exploring the challenges and strategies to
deal with these challenges in relation to developing
measurement instruments, we also explored students’
views on the implementation of the project-based
learning model and the project they worked on.

Students of the master’s program in mathematics
education at the university, where this study was
conducted are students who have completed
undergraduate programs in mathematics, mathematics,
or statistics. In the case of this study, most of the students
in the mathematics education master’s program were
graduates of the undergraduate program in
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mathematics education. In this study, however, the
background of the participant’s major in undergraduate
education was not identified. Students who are
graduates from an undergraduate program in
mathematics or statistics are required to take
matriculation courses in the first two semesters.
Matriculation courses in the first semester consist of
mathematics curriculum and learning (two credits) and
mathematics learning strategies (two credits). The
matriculation courses in the second semester consist of
mathematics learning planning (two credits) and
development and production of mathematics learning
media (two credits). Graduates of the master’s program
in mathematics education are expected to master
competence in terms of attitude, knowledge, specific
skills, and general skills. This competence can be
obtained through learning that focuses on four main
study materials: PCK, CK, technological pedagogical
knowledge (TPK), and research in the field of TPK.

Data Collection

Data on students” views on their engagement in the
project-based learning model in the assessment of
mathematics learning course, the challenges that
students faced in developing mathematical problems
that require HOTS to solve the problems, and strategies
to overcome the challenges that they faced were
collected using document analysis and an open-ended
questionnaire. The document referred to here is in the
form of student work resulting from their involvement
in a project designed on the assessment of mathematics
learning course, which was also used as an end product
in the course. The project given to students was to
develop an instrument in the form of a test for measuring
the achievement of junior high school (grade 7 to 8) or
senior high school (grade 10 to 11) students in a pair of
basic competencies on the knowledge and skills
dimensions in mathematics (see Ministry of Education
and Culture, 2018), which also reflect the content or
topic. Topics include perimeter and area of rectangles,
surface areas and volumes of polyhedrons, circles,
triangles and quadrilaterals, social arithmetic,
composition and inverse functions, angles relationship
formed by transversal and parallel lines, trigonometry
ratios, laws of sines and cosines, graphs of trigonometric
functions, derivatives of algebraic functions, statistics,
and vectors. Each student was asked to determine basic
competencies at either the junior high school or senior
high school level with the condition that no one chooses
the same basic competencies and that the number did
not differ too much between those choosing the junior
high school level and those choosing the senior high
school level.

The test that students have to develop must consist of
15 items in total, which include 12 multiple-choice and
three constructed-response items. Considering that
constructed-response items and essay items refer to the
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same question type, in this paper we use the two terms
interchangeably. As an integral part of a test
development, students were also required to develop a
test blueprint, which is expected to contain information
related to a pair of basic competencies on the dimensions
of knowledge and skills selected according to the core
and basic competencies in the national curriculum
document (Ministry of Education and Culture, 2018),
competency  achievement  indicators,  question
indicators, type of test item, level of thinking skills on the
dimension of cognitive process in the revised Bloom’s
taxonomy, item number, and scoring rubric. Although
students were allowed to develop test items with levels
of cognitive process dimension that range from the
lowest (C1, remember) to the highest (C6, create), they
were strongly encouraged to develop tests with most of
the items requiring cognitive processes at the C3 (apply)
level or higher.

The open-ended questionnaire used in this study
contains three questions. The first question is focused to
explore students” views on the impact of implementing
project-based learning models in supporting them to
develop learning achievement tests. The first question is
“what experience did you get from your involvement in
the assessment of mathematics learning course, which
required you to work on a project in the form of
developing a test that contained HOTS questions for
junior or senior high school levels?” The second question
is focused to explore the challenges students experienced
in developing tests that are also address the challenges
of developing HOTS questions. The second question is
“what obstacles did you experience while carrying out
the project of developing a test that contained HOTS
questions for junior high or high school level?” The third
is focused to explore the strategies that students used to
overcome challenges in developing tests and HOTS
questions. The third question is “what strategies did you
put in place to overcome the obstacles you faced so you
could complete the project?”.

The questionnaire was administered to students at
the end of the 16th week or meeting. We have informed
students that all the responses they provided to the
questionnaire are only intended for study in the context
of developing the quality of lectures, would not affect the
grade or score that students would obtain in the
assessment of mathematics learning course, and would
not affect their future life; and students gave their
consent. In addition, to maintain the privacy of students,
we also coded their identities (student 1 [S1], student 2
[S2], ..., student 20 [S20]) when presenting the results of
our study.

Data Analysis

Data analyses performed in this study consisted of
analyzes of students’ responses to the open-ended
questionnaire and the results of students’ work in
developing learning achievement tests. Because the data

collected from the open-ended questionnaire is
qualitative in nature, the data was analyzed qualitatively
starting from data reduction to obtain codes, sub-themes
or interrelations of codes that demonstrate similarities,
and themes or interrelations of sub-themes (Bogdan &
Biklen, 2007). The results of this analysis are presented in
three tables, which have been adjusted to the number of
main issues explored through the open-ended
questionnaire.

The analysis of student work in developing learning
achievement tests was carried out by first identifying the
test items that based on the test blueprint document that
students made these test items require cognitive
processes at the level of C4 (analyze), C5 (evaluate), or
C6 (create). The results of this identification were
contained in a spreadsheet document along with
information on the name of the student who made the
test item and the test item number. This spreadsheet
document was then equipped with columns to fill in the
main information used to investigate the challenges
faced by students in developing test items that require
HOTS. The main information was provided by two
experts or raters who worked independently, where the
two experts have earned their master's degree in
mathematics education. To fill in the main information
in the spreadsheet document, the two raters were given
access to the work results document of all the students
participating in this study in the form of a test blueprint,
which already contained the developed test items.

The main information that raters need to provide
includes two aspects of the assessment, namely the
match of the indicators with the level of cognitive
processes needed to solve the test items obtained from
the results of previous identification and the match of the
test items with the test item indicators. For the first
aspect of the assessment, the raters were asked to assign
code 1 for each test item that there is a match between
the indicator and level of cognitive processes and to
assign code 0 when such a condition is not reached
(percent agreement=67%). Such an assessment method
was also applied to the second aspect of the assessment
(percent agreement=71%). In addition to assigning a
code of 1 or 0, raters were also required to provide
additional comments for each case they assigned a code
of 0, which means the desired match between indicators
and levels of cognitive process or between test items and
indicators is not satisfied. Additional comments on the
first aspect of the assessment were focused on
identifying which level of cognitive process is best
represented by the existing test item indicator. For
additional comments on the second aspect of the
assessment, it focused more on identifying possible
conceptual errors contained in the test items, insufficient
information available to solve the test items, and the
inappropriateness or illogicality of the context used.
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Ensuring the Quality of the Study

Several strategies were undertaken to ensure the
quality of this study in relation to the results obtained
and interpretations based on one of the four
trustworthiness criteria in qualitative studies (Lincoln &
Guba, 1985; Stahl & King, 2020), namely credibility.
Ensuring the credibility of the results of this study and
their interpretation were provided by means of
prolonged engagement and method triangulation
techniques. Because two of the authors of this article
were lecturers in the assessment of mathematics learning
course that dealt directly with the participants of this
study, the results from the analysis of the data gathered
from the open-ended questionnaire could be confirmed
through observation by lecturers during learning
activities. Nevertheless, to avoid the possibility of bias
that arises in student responses to the open-ended
questionnaire, we informed students that all the
responses they gave to the questionnaire did not affect
their grade point on the assessment of mathematics
learning course. Apart from the two authors who were
lecturers in the course, the other authors of the present
article were also involved in ensuring and confirming
data reduction, themes, interrelations of themes,
conclusions, and interpretations.

The credibility of this study was also ensured
through the technique of method triangulation, where
the data used to investigate student challenges in
developing HOTS questions were collected from open-
ended questionnaires and investigations on learning
achievement measurement instruments in the form of
tests that students produced. The later was used to
support the earlier and vice versa. In addition, to ensure
the credibility of the results related to students’
challenges in developing HOTS questions based on the
products produced by students, as we mentioned earlier,
we recruited two experts who worked independently to
provide their judgment on the student’s work.
Furthermore, we also strengthen the credibility of the
results of this study by providing direct quotations from
the responses of several participants to the three open-
ended questions in the questionnaire. The use of direct
quotations allows readers to assess the accuracy of our
data analysis, interpretation of results, and drawing
conclusions based on the original data, thereby
strengthening what our study reports (Corden &
Sainsbury, 2006).

RESULTS

This study strives to delve into the challenges
experienced by students who enrolled in assessment of
mathematics learning course in developing HOTS
questions included in the mathematics learning
achievement test for secondary education level. To
anticipate challenges that arose more due to insufficient
facilities received by students to develop HOTS
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questions, learning activities in the assessment of
mathematics learning course were designed by
following a project-based learning model. Therefore, in
addition to presenting results related to these challenges,
in this section we also present results related to the
benefits felt by students from their involvement in
lectures that were designed with a project-based
learning model so that they succeed in producing
instruments in the form of tests to measure learning
achievement in mathematics and the strategies students
took to overcome the challenges that arose.

Benefits that Students Experience When Engaged in
Project-Based Learning in the Assessment of
Mathematics Learning Course

Because the assessment of mathematics learning
course was designed according to a project-based
learning model, in practice, of course, at the end of this
course students would be successful in producing an
artifact or end product. The end product is an instrument
in the form of a test to measure learning achievement in
mathematics in which some of test items are expected to
be categorized as HOTS questions, and the test blueprint
for secondary education (i.e., junior high or senior high
school level). Nonetheless, the lectures were still
centered on the process of producing the end product,
namely providing support to students to gain an in-
depth understanding of central topics in mathematics
learning assessment and build skills related to these
central topics. Following are some of the responses that
students gave regarding the experiences they gained
from attending the assessment of mathematics learning
course.

“..., this course project also trained me to develop
HOTS questions. Despite experiencing various
obstacles, everything that has been passed
through this course project would shape my
competence in the field of assessment” (S9).

“It is not easy to make HOTS questions. More
references are needed to make the question.
However, by engaging in project-based learning,
it adds to my experience as well as training for me
in the future as a teacher in making good quality
assessments” (S11).

“Through this project-based learning ... I better
understand the assessment process, starting from
determining the item indicators based on the
selected basic competencies, constructing test
items, ensuring the suitability of the item with the
cognitive level, to the item validation and revision
of the items that have been made. I also learn to
construct multiple choice items by paying
attention to the quality of the distractor, while
paying attention to the possibilities of student
responses when constructing essay items ... Based
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Table 1. Benefits of project-based learning model

Codes

Sub-themes Theme

Becoming familiar with different types of assessment and have
experience developing mathematical problems that require HOTS

Project-based learning
provides learning

Project-based
learning not only

Becoming familiar with strategies in developing HOTS questions based opportunities for students supports students to

on the level of cognitive processes

Acquiring new knowledge about the development of HOTS questions
Acquiring knowledge about test development to analysis of test

characteristics and applying them

to acquire knowledge
about assessment,
including developing
measurement instruments

gain knowledge
about assessment,
but also provides
opportunities for

Acquiring knowledge about assessment and analyzing their them to apply the
Acquiring knowledge about different types of assessment and test item characteristics knowledge they
Gaining more experience and opportunities to practice in developing Project-based learning have acquired,
good test item for assessment purposes provides learning thereby gaining

Gaining experience in developing instruments for assessment and

administering them

Gaining experience in developing instruments for assessment and

analyzing their characteristics

Gaining experience in developing multiple-choice items that require

HOTS to solve them

Gaining experience in developing constructed response items that

require HOTS to solve them

opportunities by experience in
practicing directly to ~ developing various
develop HOTS questions forms of assessment
and analyze their including
characteristics developing test
items that require
HOTS

on the learning process and understanding this, it
can be my provision to develop competence in
developing good HOTS questions” (516).

The results of the analysis of student responses to the
open-ended questionnaire suggest that the learning
activities facilitated in the assessment of mathematics
learning course have reflected the characteristics of the
learning model used, i.e., the project-based learning
model, as well as demonstrating the benefits gained
from implementing the learning model (see Table 1).
According to student responses, the implementation of
the project-based learning model has not only promoted
their understanding of central topics in learning
assessments in general and specifically in mathematics
learning but also increased their skills to develop
instruments as a means to deepen their understanding of
learning assessments. The understanding and skills they
acquired support them in developing test blueprints and
test items with certain specifications as the end product
of the assessment of mathematics learning course. Even
though the end product of the course was in the form of
a test blueprint and test items, the understanding and
skills that students gained during their involvement in
the course did not only extend to the topic of instrument
development but also to guaranteeing the quality of the
instrument. If it is related to the focus of the study on
students’ ability to make questions that require HOTS,
the implementation of lectures using a project-based
learning model was considered by students to provide
their own benefits. Students found that existing lectures
with the applied learning model have supported their
acquisition of understanding of the characteristics of
HOTS questions based on the level of cognitive process
according to the revised version of Bloom’s taxonomy
and strategies for developing HOTS questions in the
form of multiple-choice items.

Difficulties Experienced by Students in Developing
Learning Achievement Tests that Contain Items That
Require HOTS to Solve Them

This study has revealed that students gained benefits
from their involvement in lectures that were designed by
applying a project-based learning model, where they
succeed in producing a set of learning achievement tests
accompanied by the acquisition of skills and
understanding of central topics in the assessment of
mathematics learning. However, in the process of
producing this end product students encountered
several challenges regarding test development in
general and specifically in the development of HOTS
questions (see Table 2). As an integral part of developing
a test instrument, students required to develop a test
blueprint as a guide in constructing test items. The test
blueprint at least contains information about the
question indicators and the level of cognitive process in
the revised Bloom’s taxonomy needed to solve the
problem. The item indicators were required to use action
verbs suggested in the revised Bloom’s taxonomy. The
following are some of the responses that students
expressed regarding their obstacles in developing HOTS
questions.

“... I have difficulties in making multiple choice
questions that require cognitive process at the C6
level” (S8).

“I find it difficult to make questions with levels C1
to C6 because there are action verbs that are not
only at one level of cognitive process” (S13).

“Constructing test items based on indicators listed
is still the main obstacle for me (in developing
HOTS questions). Sometimes the item that I
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Table 2. Difficulties that students have in developing a test that contains HOTS questions

Codes

Sub-themes Theme

Experiencing difficulties in developing HOTS questions

Experiencing difficulties in developing multiple-choice test items that

require HOTS to solve them

Experiencing difficulties in developing test items based on the revised

Bloom’s taxonomy action verbs used in the indicators
Do not understand how to develop test and its items
Experiencing difficulties in developing HOTS questions

Difficulties
experienced by
students in
developing tests

Students experience
difficulties in developing
HOTS questions based on

the level of cognitive

process, revised version with test items
of Bloom's taxonomy requiring HOTS
action verbs, and writing include difficulties in

Experiencing difficulties in developing HOTS questions that match the  effective distractors for

selected content and level of cognitive process according to the revised
version of Bloom's taxonomy

Experiencing difficulties in developing HOTS multiple-choice
questions that require cognitive process at level of C5 (evaluate) or C6
(create)

Experiencing difficulties in constructing multiple-choice item distractor

the case of developing
multiple-choice items

Experiencing difficulties in classifying level of cognitive process of the
test item

Experiencing difficulties in distinguishing between the level of C4
(analyze) and C5 (evaluate)

Experiencing difficulties in determining the level of cognitive process

Students experience
difficulties in
distinguishing &
classifying levels of
cognitive processes in

developing
questions that match
levels of cognitive
process or action
verbs of revised
Bloom’s taxonomy,
writing effective
distractors for
multiple choice item,
& distinguishing &
classifying cognitive
process levels of

that best fit to represent the related test item

revised Bloom's revised Bloom's

taxonomy taxonomy. As a
Experiencing doubts with the levels of cognitive process of the test Students experience result of these
items developed doubts about the HOTS difficulties, students
Experiencing doubts with the test items developed questions developed became doubtful
because there are doubts about HOTS
about whether the questions they
questions match at the ~ developed, whether

questions matched
level of cognitive
process that had
been specified,
especially for HOTS
questions

level of cognitive
processes specified

construct does not match the indicator. Because of
that, I sometimes make items based on existing
indicators and sometimes I construct items first
and then the indicators” (S14).

“In making HOTS questions, I experienced
problems in constructing test questions that fit
cognitive processes, from C1 to C6 levels” (S18).

From the results of the analysis of students’ responses
to the open-ended questionnaire, it was found that
matching the test items with the appropriate item
indicators was challenging for students, especially when
the test items had to match the action verbs used in the
item indicators and the level of cognitive process that has
been determined. In addition, it was challenging for
students when constructing test items that require
cognitive process at the levels of C4 (analyze), C5
(evaluate), and C6 (create) due to insufficient
understanding of the essential differences between the
three levels of cognitive process in the revised Bloom's
taxonomy. As a consequence, when they have
successfully constructed a test item, they felt unsure
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about the test item, whether it was in accordance with
the level of cognitive process that they have set, or it was
better for them to match the level of cognitive process to
the test item they have constructed. Furthermore, when
dealing with the construction of multiple-choice test
items, students experienced difficulties in constructing
effective distractors and constructing questions that
require HOTS.

Strategies That Students Did to Overcome Difficulties
Encountered in Developing Learning Achievement
Tests That Contain HOTS Questions

It has been revealed that there were a number of
challenges faced by students when they were involved
in lectures that apply a project-based learning model,
where the end product produced from this lecture is a
learning achievement test in mathematics, which is
expected to be dominated by HOTS questions. The
responses of some students when asked to describe the
strategies they have used to overcome obstacles in
developing HOTS questions are, as follows.
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Table 3. Strategies to overcome challenges in developing a learning achievement test that contains HOTS questions

Codes Sub-themes Theme
Sharing developed test with the peers to inquire and receive any Sharing draft of end Revisiting
feedback or suggestions for improvement product with peers & knowledge about
Sharing developed test with the peers and receive feedback from them lecturers or supervisors to instrument

and suggestions for improvement from lecturers or supervisors

collect feedback or
suggestions for
improvement or making
some revisions

development and
other relevant
knowledge obtained
during lectures,

Utilizing the knowledge and experience gained during lecture activities Revisiting knowledge or
Following and fulfilling test and test items development procedures as

well as providing validity evidence

sharing problems in
instrument
development with
peers and lecturers,
and paying attention
to related references

understanding of test
development procedures
& related skills acquired
during involvement in
lecture activities

Reading reference books and reviewing examples of (good) HOTS

questions

Reviewing related

reference books or

literature including
examples of (good) HOTS

questions
Table 4. Characteristics of test items investigated
Item type C4 item, n (%) C5item, n (%) C6 item, n (%)
Multiple-choice (selected-response) 48 (32.00) 29 (19.33) 18 (12.00)
Essay (constructed-response) 13 (8.67) 20 (13.33) 22 (14.67)
Total 61 (40.67) 49 (32.67) 40 (26.67)

“I studied more examples of HOTS questions with
different levels of cognitive (process) to
understand in depth the characteristics of each
level (of cognitive process)” (S2).

“I ask for suggestions or recommendations from
validators, peers, and lecturers. In addition, I
looked at HOTS questions available on the
internet to get more insights on them” (S14).

“I was greatly assisted by my classmates who
helped me validate the test items that I developed
so that if there were errors I could fix them
immediately. My classmates were also willing to
provide suggestions or recommendations, which I
have found very useful for me to produce better
test items” (S519).

Table 3 presents the strategies that students have
used to overcome the challenges they experienced when
developing an instrument for measuring learning
achievement in mathematics.

Even though the project given to students is
individual in nature, during the instrument
development process students were allowed to consult
with peers and lecturers in the assessment of
mathematics learning course. This was used as one of the
strategies carried out by students when they faced
challenges during the process of completing the end
product of the course. In addition, when facing obstacles
in developing the required product, they reviewed the

knowledge and skills acquired during learning activities
in lectures, read related literature or reference books, and
paid attention to examples of HOTS questions that are
considered to be of good quality.

Challenges Experienced by Students in Constructing
Test Items That Require HOTS

This section focuses on presenting the challenges that
students have in developing HOTS questions based on
each student’s end product. These challenges were
identified based on the judgment given by two experts
working independently. Because each student was
required to construct 15 test items consisting of 12
multiple-choice items and three essay items, with 20
students participating in this study, there were a total of
300 items (i.e., 240 multiple-choice items and 60 essay
items). Of the total 300 items, 150 items were further
investigated by the experts because these items were
determined by students as items that required cognitive
processing at the level of C4, C5, or C6 (so-called HOTS
questions). One hundred and fifty items were obtained
from each student who constructed five to 11 items
(M=7.50, SD=1.76). These items consisted of 95 (63.33%)
multiple-choice items and 55 (36.67%) essay items. The
characteristics of the items investigated further in this
study are presented in Table 4. Table 4 demonstrates
that the level of cognitive process is inversely
proportional to the number of test items proposed by
students regardless of the type of test items.
Furthermore, at levels C4 and C5, students proposed
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Table 5. Distribution of expert judgment on items proposed by students

Suitability of item indicator with level
of cognitive process

Suitability of item with its indicator

Expertjudgment C4 item, C5 item, Cé6 item, C4 item, C5 item, Cé6 item,
n (%) n (%) n (%) n (%) n (%) n (%)
Both experts assign code 1 10 (16.39) 21 (42.86) 4 (10.00)  41(67.21) 33 (67.35) 24 (60.00)
Either expert 1 or expert 2 assigns code 0 20 (32.79) 13 (26.53) 16 (40.00) 17 (27.87) 11 (22.45) 15 (37.50)
Both experts assign code 0 31(50.82) 15 (30.61) 20 (50.00) 3 (4.92) 5 (10.20) 1(2.50)

Table 6. Number of HOTS items constructed by students
based on expert judgement

Student Expert 1, n (%) Expert 2, n (%)
Student 1 (S1) 1 (12.50) 0 (0.00)
Student 2 (S2) 0 (0.00) 1 (20.00)
Student 3 (S3) 2 (28.57) 4 (57.14)
Student 4 (54) 7(77.78) 7 (77.78)
Student 5 (S5) 3 (50.00) 1 (16.67)
Student 6 (S6) 3 (33.33) 3(33.33)
Student 7 (S7) 3 (50.00) 2 (33.33)
Student 8 (S8) 6 (66.67) 5 (55.56)
Student 9 (S9) 4 (4444) 4 (44.44)
Student 10 (510) 3 (37.50) 2 (37.50)
Student 11 (511) 6 (100) 2 (33.33)
Student 12 (512) 8 (72.73) 4 (36.36)
Student 13 (S13) 3 (33.33) 6 (66.67)
Student 14 (S14) 2 (40.00) 1 (20.00)
Student 15 (515) 3 (50.00) 0 (0.00)
Student 16 (516) 1(11.11) 6 (66.67)
Student 17 (517) 3 (37.50) 4 (50.00)
Student 18 (S18) 0 (0.00) 0 (0.00)
Student 19 (S19) 2 (22.22) 1(11.11)
Student 20 (520) 4 (66.67) 2 (33.33)

more multiple-choice test items, while at level C6 they
proposed more essay type test items.

We have mentioned earlier that the students’
challenges in developing tests that contain HOTS
questions investigated from the end products that
students produce were judged based on two aspects. The
expert assigns code 1, which represents the fulfillment of
that aspect or code 0, which indicates the aspect is not
fulfilled. Table 5 demonstrates the results regarding the
judgment of experts on these two aspects. In the aspect
of suitability between the item indicators and the level of
cognitive process, it was found that students
experienced difficulties in that aspect, where the number
of items developed by students who were coded 0 by one
or both experts was more than the number of items
coded 1 by the two experts. This finding indicates that
even though students have used action verbs according
to each level of the revised Bloom’s taxonomy, because
some action verbs correspond to two or even three
levels, students have difficulty differentiating the use of
such action verbs appropriately in the test item
indicators, which ultimately also have an impact on the
test items they construct. Furthermore, in terms of the
second aspect, it was revealed that the challenges
students faced in constructing test items that matched
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the indicators were not as big as the challenges they
faced in constructing indicators that matched the level of
cognitive process, where more than 60% of the items
have been justified to satisfy the second aspect by the
two experts (see Table 5).

This study has demonstrated that the big challenge
faced by students when constructing test items that
require HOTS was making the indicators and levels in
the revised Bloom’s taxonomy compatible with each
other. This challenge hinders students from constructing
test items according to the level of cognitive process they
want, especially at level C4 or higher. Table 6 presents
the number of test items that each expert could
categorize as HOTS questions from each student
participating in this study and the percentage of the
number of items compared to the total items that each
student determined as items that require cognitive
process at level C4 or higher. From a total of 150 items
that were supposed to be HOTS questions, based on the
judgment of expert 1, each student was able to create
zero to eight HOTS questions (M=3.20, SD=2.17) with a
total of 64 (42.67%) items. Meanwhile, based on the
judgment of expert 2, it was found that each student was
able to create zero to seven HOTS questions (M=2.75,
SD=2.15) with a total of only 55 (36.67 %) items. Thus, less
than half of the total items proposed by students, which
according to them these items require cognitive process
at the level of C4, C5, or C6, can be categorized as HOTS
questions by experts.

Table 7 presents the characteristics of the test items,
which are categorized as HOTS questions, which are
specified by type of item and level of cognitive process.
From Table 7, it was found that among the 64 test items,
which were categorized as HOTS questions by expert 1,
36 (56.25%) items were multiple choice, and 28 (43.75%)
items were essays. Meanwhile, of the 55 items
categorized as HOTS questions by expert 2, 31 (56.36%)
items were in the form of multiple choice and the
remaining 24 (43.64%) items were in the form of essays.
If it is associated with the characteristics of the test items
that students proposed (see Table 4), the decrease in the
number of items categorized as HOTS questions by
expert 1 and expert 2, respectively is 62.11% and 67.37%
for multiple-choice items and 49.09% and 56.36% for
essay type items. Although in terms of the quantity of
multiple choice items constructed by students there were
more than essay items as a consequence of the rule that
each student must construct 12 multiple-choice items
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Table 7. Number of HOTS question developed by students in terms of type of item & level of cognitive process based on

expert judgement

Expert1, n (%) Expert 2, n (%)
ftem type C4 item C5 item C6 item C4 item C5 item C6 item
Multiple-choice (selected-response) 16 (25.00) 16 (25.00) 4 (6.25) 12 (21.82) 14 (25.45) 5(9.09)
Essay (constructed-response) 6 (9.38) 13 (20.31) 9 (14.06) 7 (12.73) 11 (20.00) 6 (10.91)
Total 22(34.38) 29 (4531) 13(20.31) 19(34.55) 25(45.45) 11 (20.00)

and three essay items to obtain 95 multiple-choice items
and 55 essay items, which are considered HOTS
questions by students, the percentage decrease in the
number of test items that can be categorized as HOTS
questions indicates that students experience more
challenges in developing multiple-choice compared to
essay HOTS questions.

The main issue that became the concern of the experts
until they finally decided that an item could not be
categorized as a HOTS question was that the action verbs
used in the question indicators for cognitive process of
level C4, C5, or C6 more reflected one or even four levels
below the level that students determined. Besides the
issue of the accuracy of the use of action verbs, which
affects the questions students develop, the issue that
gains the attention of experts was the use of domain
knowledge, where it was detected that several items
only require factual knowledge or basic information.

Table 8 summarizes the findings of some of the test
items proposed by students, which according to the two
experts, these items cannot be categorized as HOTS
questions. Furthermore, the two experts pointed out that
the test items only required cognitive process at level C2
or C3, or those test items were said to be questions that
only required lower order thinking skills (LOTS).

Table 8 shows the five test items each proposed by
five students, which are more suitable to be categorized
as LOTS questions than HOTS questions. The action verb
chosen and used by the student S1 in the test item
indicator is considered more suitable to reflect cognitive
process at the level of C3 (apply). If the question posed
by the student S1 was examined further, it is found that
it only takes an understanding of the definition and
properties of a pyramid and the Pythagorean theorem or
Heron’s formula to answer the item correctly. In other
words, this test item does not require the ability to
evaluate, criticize, or check the correctness, consistency,
or effectiveness of a process, a procedure, or an idea. In
the next case, the action verb used by student S2 in the
test item indicator also do not match the recommended
action verbs at the level C5, where the action verb
“analyze” reflects the level of C4. After investigating the
question posed by the student S2, the two experts agreed
that the ability to apply basic knowledge or
understanding of the Pythagorean theorem and
trigonometric ratios in right triangles that had been
acquired from learning in class was sufficient to answer
the question correctly. In other words, the thinking skills

needed to answer this question are still at the level of C3
in the revised Bloom's taxonomy.

We continue the discussion on the test items posed by
students S8, S15, and S18. For the case of the test item
posed by student S8, the experts argued that the action
verb used, i.e., determine, better reflect cognitive process
at the level of C2 or C3. If we look at the multiple-choice
question posed by the student S8, it can be found that in
order to solve the problem correctly, it is enough to
know the functions that represent the given parabola
and straight line and the concept of composite functions.
Once we understand that the function of a parabola that
intersects the x-axis at (x1, 0) and (x2,0) and intersects the
y-axis at (0, y) can be determined through the equation
y=a(x-x1)(x-x2) and the function of the line that intersects
the x-axis and y-axis at (x1, 0) and (0, y2) respectively can
be determined through the equation yxx+xiy=x1y>, the
composition of the functions flx) and g(x) can be
determined including its value for x=4. Accordingly, the
two experts agreed to categorize the test items posed by
the student S8 as a LOTS question even though it
involved the ability to make connections among the
concepts of parabola, straight line, and composition of
functions.

Afterwards, the action verb used in the test item
indicator proposed by the student S15 as provided in
Table 8, i.e., “conclude”, is in accordance with the
cognitive process level chosen, namely level C5.
However, when this action verb is viewed in the test
item indicator as a whole along with the test item that
student S15 put forward, it can be concluded that the test
item is not a HOTS question. Even expert 1 and expert 2
suggested that the test item can be solved simply by
using thinking skills or cognitive processes at level C1
and C2 respectively. The suggestions from the two
experts seem to be derived from the fact that the
understanding of the period of the trigonometric
functions f(x)=sin x, f(x)=cos x, and f(x)=tan x must have
been learned by students in classroom either through
information that the teacher provides directly or through
activities that facilitated by the teacher through
observing the graphical representation of the three
trigonometric functions. Lastly, even though the action
verb used by the student S18 in the test item indicator
she proposed (see Table 8) is in accordance with the
determined level of cognitive process, based on experts
the test item is still categorized as the test item that
requires cognitive process at the level of C3 (apply) and
hence it is still categorized as a LOTS question.
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Table 8. Items proposed by students which cannot be categorized as HOTS questions

Item indicator (cognitive process

Student level proposed by student)

Item/ question

S1 Students can solve problems
related to area of a triangle
correctly (C5)

52 Presented two pictures of right-
angled triangles whose
information is incomplete;
students are asked to analyze
secant & cotangent values (C5)

S8 Given a parabola that represents
a quadratic function f(x) & a
graph of a linear function g(x),
students are asked to determine
value of (fog)(x) for a certain x
(C4)

515 Students can conclude a period
of a tangent function (C5)
518 Students are asked to associate

formula for area of a
parallelogram & a rhombus to
find area of a flat shape in figure
presented (C4)

Ahmad made a miniature pyramid from 50,000 IDR bill as shown in figure
below. It is known that length of base is 3.5 cm & length of its edges is 4.5 cm.
What is surface area of miniature pyramid wall?

Doc pribadi

Determine sec a and cot a from the figure below.

24

20

Following figure represents graphs of f(x) & g(x). Value of (fog)(4) is ...
Y

| T

Period of graph of trigonometric function f(x)=tan x is ...

A. 45° B. 90° C. 180° D. 270° E. 360°

Look at following figure.
K

a

In figure above, NP/ / MO,'NP=18 cm, LO=?:0 cm, & KN=16 cm. Area of

LNPOMKiis ...

A. 192 cm? B. 240 cm? C. 288 cm?2 D. 336 cm?

As the required information to solve the problem has
been provided, we only need to apply our
understanding of the formula to determine the area of a
trapezoid and a triangle or the area of a parallelogram
and a rhombus.

DISCUSSION
Apart from primarily investigating the challenges
that prospective mathematics teacher faced in

developing test items that require HOTS both based on
their opinions and the end product, this study also
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explores students’” views of project-based learning as a
learning model that was implemented in the assessment
of mathematics learning course. This study has shown
benefits felt by students from the implementation of this
learning model. From their engagement in lectures
facilitated by a project-based learning model, students
not only acquired knowledge or understanding on
topics related to mathematics learning assessment but
also have the opportunity to directly practice their
knowledge or understanding so that they succeed in
producing an end product in the form of a mathematics
learning achievement test and its test rubric.
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The development of the end product provides an
opportunity for students to deepen their knowledge
because it does not only focus on the final result but also
on planning, the development process, and evaluation or
reflection for improvement. This kind of thing is
certainly important for students considering they are
prospective mathematics educators who are expected to
be not only competent at the theoretical level but also
must be competent at the practical level or
implementation of the knowledge they have mastered.
The results of our study thus have provided additional
support to previous studies, which demonstrated the
benefits obtained from implementing a project-based
learning model both from a general (e.g., Almulla, 2020;
Chen et al., 2022; Crespi et al., 2022; Frank et al., 2003;
Stefanou et al, 2013) and specific perspective on a
teacher or prospective teacher professional development
(e.g., Al-Busaidi & Al-Seyabi, 2021, Gumartifa et al,,
2023; Guo & Yang, 2012; Herawati, 2018; King & Smith,
2020; Tsybulsky & Muchnik-Rozanov, 2021).

From a general perspective on the potential and
advantages of implementing a project-based learning
model, Stefanou et al. (2013) have provided evidence
that this learning model provides more support to
students in terms of elaborating their understanding,
developing critical thinking skills, and controlling their
thoughts and actions to achieve optimal learning. The
benefits of implementing the project-based learning
model mentioned by Stefanou et al. (2013) also indirectly
obtained by students in this study, which were shown by
the strategies they took in addressing challenges in
developing achievement tests including HOTS
questions. In the end product development process,
students were given the opportunity to present the
progress and obstacles they faced during the process.
This opportunity allows students to elaborate on the
understanding they have as well as opens opportunities
for lecturers to provide appropriate support, either in the
form of giving reinforcement or correcting
misunderstandings exhibited by students. In addition,
our study has demonstrated that when students
encountered problems in developing HOTS questions,
apart from consulting with lecturers, they took the
initiative to discuss with colleagues or peers so that they
received feedback from each other and reviewed various
forms of references to strengthen their understanding.
The actions that students take indicate that project-based
learning applied in assessment of mathematics learning
lectures promotes communication and collaboration
skills as suggested by Crespi et al. (2022) and student
self-regulated learning to achieve optimal learning.

We emphasize that through the application of the
project-based learning model, students directly apply
the knowledge and understanding they have to develop
mathematics tests that contain HOTS questions with
multiple-choice and essay items. The practice of
developing this test certainly requires critical and

creative thinking in considering the content and context
used in the constructed questions as well as in
constructing distractors. This indicates that project-
based learning contribute to the development of critical
and creative thinking as suggested by previous studies
(e.g., Chen et al., 2022; Saimon et al., 2022). Based on the
advantages provided by project-based learning
facilitating students to acquire knowledge of learning
assessment and deepen competence in developing
mathematics tests, this learning model is considered as
an alternative approach to preparing students to become
teachers who can promote their student achievement as
well as become professional teachers in the future (Guo
& Yang, 2012). Considering one way to acquire
knowledge more easily is by experiencing (Al-Busaidi &
Al-Seyabi, 2021), essential knowledge about the
assessment of mathematics learning including the
development of measurement instruments in the form of
tests would be easier for students to grasp because
knowledge acquisition is accompanied by experience in
developing mathematics tests that contain HOTS
questions.

Although a number of advantages have been
demonstrated from the project-based learning model
applied in the assessment of mathematics learning
course, it turns out that it does not necessarily make
students develop mathematics tests that contain HOTS
questions without any obstacle. Our study has identified
the challenges students faced in developing mathematics
achievement tests, which are then specifically focused on
developing HOTS questions based on the revised
version of Bloom’s taxonomy. The main challenge for
students in developing the test is to match the level of
cognitive process that they have set in the test rubric
with the test item and its indicator, including using an
action verb in the test item indicator appropriately. This
result is in line with one of the findings from a study
conducted by Winarti et al. (2021), namely, even though
the teachers have attended a teacher’s training in
developing HOTS questions, it was difficult for them to
distinguish the level of cognitive processes in the revised
version of Bloom'’s taxonomy, especially distinguishing
between C2 (understand) and C4 (analyze). Not only
teachers, from the results of exploration by Purwasih
(2020) on the perceptions of prospective teacher students
enrolled in the Learning Evaluation course on the
experience of constructing HOTS questions, it was
revealed that most of them asserted to be confused in
choosing an action verb that matched the cognitive level
they chose, especially when that action verb represents
two different cognitive levels. Confusion in selecting
action verbs has an impact on the difficulty of
formulating test item indicators to measure HOTS
(Dahlan et al., 2020) and the emergence of doubts in
students about the questions they have constructed,
whether these questions already require cognitive
processes at level C4 or are actually sufficient with
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cognitive processes at the C2 level to solve those
problems (Purwasih, 2020). We found a similar
phenomenon in our study, where students doubted the
questions that they had developed, whether the
questions were in accordance with the action verbs, test
item indicators, and cognitive level they intended.

Saepuzaman et al. (2022) in their study found that it
turned out to be more difficult for teachers to develop
multiple-choice HOTS questions than essay types.
Through an investigation using an open-ended
questionnaire and the results of expert judgments on the
end products that students have produced, our study
also disclosed that students struggled more in
developing multiple-choice HOTS questions and their
options (a keyed option and distractors). This may be
due to an understanding of HOTS questions that are
more associated with constructed-response or essay type
questions, where through these types of questions
students would be more able to demonstrate their
HOTS; while multiple-choice questions are perceived as
only requiring cognitive processes at a lower level
(Scouller, 1998; Scully, 2017; Simkin & Kuechler, 2005;
Stanger-Hall, 2012). This kind of understanding needs to
be set aside because it can hinder them from being able
to properly develop multiple-choice HOTS questions.
Another reason for the need to set aside this
understanding is that in practice when multiple-choice
items are well developed it can also be used to assess
HOTS (Brookhart, 2010; Retnawati et al., 2018; Scully,
2017), which focuses on skills in analyzing and
evaluating (Brookhart, 2010; Retnawati et al., 2018) and
does not even rule out the possibility of arriving at skills
in creating (Scully, 2017). More challenges that arise in
developing HOTS questions can also be caused by the
features of multiple choice items, where when the focus
is on assessing HOTS it is highly recommended to
contain introductory or stimulus material, stem, and
options (Brookhart, 2010). Previous studies (e.g.,
Purwasih, 2020; Saepuzaman et al., 2022) revealed that
one of the difficulties in developing HOTS questions is
constructing  introductory or stimulus material.
Furthermore, the challenges experienced by students in
developing distractors could be caused by the nature of
the distractors themselves, which must be plausible for
those who have misunderstandings or misconceptions
or make errors. Lack of sensitivity to misunderstandings,
misconceptions, or errors that students demonstrate
when learning or solving problems can hinder
developing distractors that can function as they should.
In her article, Scully (2017) offers several strategies that
can be taken to properly develop multiple-choice items
to assess HOTS.

Implications for Practice

On the one hand, this study has demonstrated a
number of benefits from the implementation of a project-
based learning model in the assessment of mathematics
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learning course in supporting the competency
development of students who are prospective
mathematics teachers in conducting assessments.

Accordingly, we argue that the implementation of this
learning model could also be applied to other courses
(e.g., mathematics learning design) that focus on
providing support for prospective mathematics teacher
students to master and develop the competencies or
knowledge needed to become a professional
mathematics teacher in the future. On the other hand,
students who participated in this study still experienced
challenges in developing a mathematics learning
achievement test in which the test items were
constructed according to levels on the cognitive process
dimension in the revised version of Bloom’s taxonomy,
including in developing HOTS questions. The main
challenges faced by students in developing HOTS
questions particularly for multiple-choice items are
related to two things, namely the construction of
indicators according to the set cognitive process level
and the use of action verbs. As a consequence, these two
issues need more attention. There needs to be more
emphasis on the meaning of each level or category in the
cognitive process domain and its subcategories (see
Anderson & Krathwohl, 2001; Krathwohl, 2002). In
addition, given that there is an action verb that can be
used to construct test item indicators and learning
objectives that represent more than one level of cognitive
process, it is important to present examples of questions
whose indicators use the same action verb but represent
different levels of cognitive process. Attention to these
issues can also be expanded not only in higher education
to prepare prospective teachers to become professional
teachers in conducting good quality learning
assessments in the future but can also be adapted for
teacher professional development programs organized
in the form of workshops or community service by
university lecturers.

Limitations and Future Directions

The study that we conducted to reveal the
phenomenon of the challenges that prospective
mathematics teacher students face in developing HOTS
was limited to data collected from administering open-
ended questionnaires and analysis conducted by experts
on the end products that students yielded. We suggest
future studies to explore this phenomenon by
conducting interviews with students. It is suggested that
this interview should be focused on verifying students’
understanding and satisfaction of HOTS questions that
students developed in the mathematics learning
achievement test. Although in practice the use of this
interview technique has challenges when it involves
many participants in terms of time and effort, it can be a
means for lecturers to provide direct constructive
feedback on student work and provide material for
consideration for experts in judging the suitability of test
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item indicators with the level of cognitive process and
test items with indicators.

Through this study we have exhibited that one of the
challenges experienced by students in developing
mathematics learning achievement tests was
constructing distractors for a multiple-choice test item.
Unfortunately, in this study we have not investigated
further the extent of students’ difficulties in constructing
good distractors, especially for HOTS questions with
multiple choice item types based on the end product that
students have produced. Further investigation of this is
interesting to do in future studies considering that
several studies (e.g., DiBattista & Kurzawa, 2011; Rafi et
al., 2023) have shown that through distractor analysis we
can detect possible difficulties, misunderstandings, or
misconceptions that students may have and mistakes or
errors that they may do. The advantage of this distractor
analysis can be obtained, of course, when the distractors
constructed are of good quality in the sense that they are
derived from an understanding of the mistakes that
students frequently make when solving problems or
misconceptions demonstrated by students when
learning in class (Gierl et al., 2017; Shin et al., 2019).
Investigation of how students construct distractors from
HOTS questions on the other hand is also a means of
uncovering the extent of PCK of prospective
mathematics teacher students, which includes
knowledge of misconceptions experienced by students
(Gudmundsdottir & Shulman, 1987; Hill et al., 2008) and
their future development strategies considering that a
good PCK is important for teachers to have.

CONCLUSIONS

As mathematics education in the 21st century should
be more focused on providing support to students to
develop their HOTS, learning activities and assessment
that teachers facilitate should also be oriented towards
HOTS. Accordingly, teachers need to be provided with
supports to design and implement learning activities
and carry out assessments according to what is desired,
as well as prospective mathematics teachers. The
challenges students face when developing HOTS
questions included in learning achievement tests in
mathematics as part of the course activities that they
participate in are still understudied. In our study,
besides focusing on the main goal of identifying the
challenges in developing HOTS questions, we also
investigated the benefits of implementing a project-
based learning model in the courses that students take
on their competence in developing mathematics learning
achievement tests and HOTS questions and strategies
that students take to overcome obstacles in this
development.

Our study has contributed to providing additional

support to the existing literature regarding the benefits
of implementing project-based learning in higher

education for prospective teacher. Project-based
learning has shown its benefits in supporting
prospective mathematics teacher students to deepen
their understanding and knowledge of mathematics
learning assessment, test development, and HOTS
question development while at the same time putting
their knowledge into practice directly to develop
mathematics learning achievement tests. From the
responses that students put forward regarding the
strategies they used in overcoming obstacles in
developing HOTS questions, it indicates that project-
based learning also promotes self-regulated learning.
Returning to the main focus of this study, we have
identified challenges faced by prospective mathematics
teachers in developing HOTS questions. These
challenges include distinguishing cognitive process
levels in revised Bloom’s taxonomy, selecting action
verbs that match the level of cognitive process specified,
integrating action verbs into indicators of test items, and
developing multiple-choice HOTS questions including
the distractors.
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