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ABSTRACT

Purpose - This article comprehensively examines the existing body of literature about the assessment
tools employed for evaluating higher-order thinking skills (HOTS) in mathematics within the last five
years. The study endeavors to offer a comprehensive overview of measuring instruments for HOTS in
mathematics, utilizing precise and up-to-date global data.

Methodology - The research adheres to the PRISMA methodology, employing the systematic literature
review (SLR) technique, encompassing ten distinct steps. By utilising the Scopus database, this review
comprehensively analyses 18 scholarly articles written in English.

Findings - The results emphasize the significance of implementing a thorough evaluation approach that
integrates standardized exams alongside other assessment methods to measure students' cognitive
capacities in advanced mathematical reasoning precisely. The tendencies that have been observed
provide valuable insights for the development of evaluation tools that can effectively measure
effectiveness in many academic domains. Educators can augment instructional efficacy and foster
heightened levels of cognitive reasoning in students by comprehending the equilibrium between
evaluative and non-evaluative elements, while recognizing the significance of Bloom's taxonomy.
Furthermore, this research presents opportunities for additional investigation, enabling scholars to delve
into novel approaches and metrics, thus contributing to breakthroughs in education and improving
student proficiencies in critical thinking and problem-solving.

Significance — This research provides the opportunity to enhance our comprehension of incorporating
higher-order thinking skills in education, thereby promoting holistic cognitive growth.

Keywords: Cognitive domain of bloom's taxonomy, higher-order thinking skill, measurement,
systematic review, thinking skill.
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INTRODUCTION

The advancement of a country is inherently interconnected with the level of educational achievement
among its populace. The claim presented is substantiated by many studies that underscore the significant
importance attributed to formal and informal education (Céaceres-Reche et al., 2022; Susilo et al., 2023).
These routes provide individuals with essential attributes (Slabko et al., 2019) and equip them with
crucial competencies (Charungkaittikul et al., 2022). Cognitive skills and learning processes are
interdependent (Kania & Juandi, 2023). The influence of mental talents, such as flexibility, problem-
solving, processing speed, spatial orientation, and visuospatial acumen, on mathematical competency
has been observed in previous research conducted (Mascia et al., 2018). Furthermore, developing
higher-order thinking skills (HOTS) has become crucial in enhancing student academic performance
and extracurricular accomplishments, a perspective strongly substantiated by empirical studies (Huang
et al., 2023; Wahidin & Romli, 2020).

The demand for HOTS, which includes critical thinking, creativity, communication, and teamwork, is
currently high (Husain, 2023; Zhou et al., 2023). Proficiency in HOTS is considered a crucial factor for
mathematics student employability (Yigletu et al., 2023). This proficiency is also essential for
addressing the increasing challenges in diverse industries (Boadu et al., 2020; Massetor et al., 2021).
Therefore, it is evident that the importance of HOTS cannot be overstated since it plays a crucial role
in developing a graduate's preparedness for the workforce.

Suanto et al. (2023) assert that HOT'S have a significant impact on the process of education and learning.
The cultivation of analytical thinking and problem-solving abilities, as highlighted (Wahono et al.,
2020), is considered pivotal in achieving academic achievement (Gavronskaya et al., 2022;
Phurikultong & Kantathanawat, 2022). The National Research Council (NRC) and the National Council
of Teachers of Mathematics (NCTM) have emphasised the importance of HOTS in driving educational
advancement, with a specific focus on their role in improving mathematics instruction (Abdurrahman
etal.,2021). Research findings suggest that placing a higher emphasis on HOTS within the mathematics
curriculum leads to favourable results, as seen by pupils exhibiting significant enhancements in their
problem-solving and critical-thinking abilities (Devlin, 2011).

There is a need to expand research endeavors and explore literature about the assessment tools used to
measure HOTS in mathematics education. It allows SLRs to map the condition of HOTS measuring
instruments. A systematic review of HOTS-measuring mathematics learning studies published in the
previous five years will provide a framework for future research. The SLRs which are currently being
carried out have been about reviewing research subjects and studying the topics of research, types of
instruments, characteristics of HOTS measuring instruments in mathematics learning, HOTS variables
measured in mathematics lessons, research methods, and the outcomes of such research. In the context
of the present article, the teaching of mathematics in schools is the focus of the current SLR.

NCTM (2021) describes the vital role for large-scale mathematics assessments in schools and districts
as identifying the systemic deficiencies and successes in addressing the needs of students. Assessment
is one of the fundamentals of a mathematics education, as it gives teachers and students essential data
to support the possible advantages of studying the subject. The main goal of assessment is to improve
learning during the learning process, as opposed to ranking, judging, or grading students (Popham,
2008). Student comprehension of mathematical ideas and skills should be continually developed
throughout the teaching and learning process. The overhaul of the math curriculum emphasizes
cognitive components in its teaching and learning evaluations that involve advanced thinking abilities.
It is crucial to create mathematical problems that embody HOTS as provocations to enhance student
cognitive capacities, since these problems enable students to straightaway apply HOTS. Additionally,
everyone working in an educational setting needs HOTS.

Besides, there have been several systematic literature review studies on assessment. In their meta-
analysis, Maison et al. (2022) investigated mathematical modelling. Nakakoji and Wilson (2020) and
Wilson and Narasuman (2020) reviewed implementation and strategy as a higher-order thinking skill.
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The present SLR which has included 18 articles after the final selection, used a different methodology
that had a more focused objective. In addition, it had used a subjective study to cross-validate the results
of the SLR (i.e., using experts’ feedback). In light of the subjective survey results, the present SLR has
helped in developing innovative concepts for future HOTS measurement.

METHODOLOGY
Research Design

The present study was aimed at investigating HOTS assessments thoroughly. It has used the Systematic
Literature Review (SLR) technique to explore existing research on frameworks that included the
following objectives: identifying, evaluating, and interpreting the development of HOTS (Ali et al.,
2022; Budgen & Brereton, 2006). During the review phase of the SLR, there was stringent adherence
to regulations (Budgen & Brereton, 2006; Khan et al., 2022). The study evaluated HOTS literature in
mathematics education from 2018 to 2022. It had taken note of the advancements that had occurred
throughout the past five years. Figure 1 illustrates the comprehensive research process undertaken in
this SLR, which is divided into sections and subsections that rely on multiple sources (Brereton et al.,
2007; Chambers et al., 2009; J. P. . Higgins & Green, 2006; S. Higgins, 2017; Paiva et al., 2014).

Figure 1

The Process of a Systematic Literature Review

Figure 1 presents the process of a thorough and systematic analysis of the current body of literature.
Similarly, this study has gathered and verified the pertinent information about the topic of concern. The
graphic provides a comprehensive and logical representation of the research environment, highlighting
important discoveries and concepts from a systematic literature study. The researcher's objective is to
enhance the credibility and dependability of the research for the benefit of scholars, educators, and other
stakeholders with a vested interest in the topic.

Phase 1: Research questions
Strategically crafted inquiries are employed to efficiently accomplish the primary objective of

comprehending the issue. This stage aims to discover certain literary traits that can offer valuable
insights into the research subject as is presented in Table 1.

99



Malaysian Journal of Learning and Instruction, Vol. 22, Number 1 (January) 2025, pp: 97-116

Table 1

Research Questions

Dimensions Research Questions (RQ)
Core components: Measurement of ~ What type of Instruments were used?
HOTS What were the variables of concern in the HOTS study?

What were the indicators of the variables in the HOTS study?

The present SLR has assessed the effectiveness of HOTS by utilizing three primary inquiry points
through its research questions (RQ). RQ 1 was aimed at determining the methodologies researchers had
employed in evaluating cognitive talents at an advanced level. RQ2 explored the HOTS highlighted in
the research. RQ3 was aimed at identifying the HOTS indicators used in previous studies. This could
help facilitate the comprehension of the intricacy of high cognitive skills among educators and
researchers, and underscore the significance of cognitive capabilities in mathematics.

Phase 2: The search process

The second part of the present SLR involved a comprehensive search of the SCOPUS database. To
enhance search results, choosing the appropriate keywords for each search engine and utilizing the AND
operator is necessary. It is recommended that one consults Table 2 to understand the critical terms used
in this inquiry, which had significantly facilitated the meticulous analysis of the search method and
findings.

Table 2

The Search String

Scopus
((“Higher-order Thinking Skills” OR “HOTS” OR “Higher Order Thinking Skills”) AND
(“Measurement” OR “Instrument” OR “Test” OR “Assessment””) AND (“mathematics education”
OR “mathematics” OR “mathematics teaching’))

The comparative advantage of Scopus compared to its competitors was a crucial aspect that had
influenced the decision of this SLR to choose Scopus over the other available databases. Additionally,
the research emphasized quality control methods and well-structured indexing systems that could
enhance the advantages of utilizing Scopus as a research instrument.

This SLR deliberately concentrated its search efforts on the SCOPUS database, citing the extensive
capabilities and enhanced dependability of the database in producing accurate outcomes. Scopus and
similar databases could provide numerous benefits regarding extensive search functionality, heightened
result reliability, and improved search capabilities (Gusenbauer & Haddaway, 2021). While considering
the accessibility factor, it is worth mentioning that other prominent databases like the Web of Science
(WoS) was not utilized in this study. In this instance, the authors could not utilize the WoS due to
accessibility limitations, which had impacted the decision regarding its database selection.

Phase 3: Inclusion and extraction requirements

In this phase, methodological techniques were created to efficiently choose and evaluate pertinent
studies to establish a comprehensive framework that included search criteria and procedures. The
requirements encompassed a range of components, including identifying suitable keywords, choosing
specific databases and search engines, applying inclusion and exclusion criteria, and developing a
technique for organizing and evaluating the gathered information.
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Table 3

The Criteria for Inclusion and Exclusion of Search Items

Criteria Included Excluded
Timeline of the publication 2018-2022 2017 and before
Type of document Article Books, chapter books, proceedings, etc
Type of source journal Non-journal
Language English Non-English
The topic of the research Focus on mathematics Not focus on mathematics education
education

Moreover, these criteria offer explicit guidelines for extracting, analyzing, and synthesizing data,
ensuring a uniform and transparent approach in research endeavors. By implementing rigorous search
procedures and adhering to established policies, this SLR had been able to enhance its ability to locate,
assess, and include scholarly publications of superior quality. These criteria have been utilized in the
present SLR to acquire a comprehensive description of the equipment employed in HOTS. This will
facilitate the development of appropriate assessment instruments for HOTS in the future.

Phase 4: Data selection and extraction process

During the fourth phase, a thorough search for articles was conducted, and the relevant data was
retrieved. Subsequently, Microsoft Excel databases were established to store the data. Several studies
utilizing the HOTS measurement tool in mathematics education yielded the required data.
Subsequently, 188 papers that were freely available for access were evaluated regarding their quality
and emphasis on HOTS. Verifying the document's title and abstract is the initial stage. During the
eligibility examination, 162 papers were rejected due to their lack of relevance. If the title and abstract
were insufficient, the methodology, results, and discussion sections were thoroughly scrutinized. Eight
publications were removed due to their lack of emphasis on the relevant evaluation strategies for HOTS
in mathematics education. Over the past five years, research has directed the search for assessment
methodologies that evaluate HOTS in mathematics education. This search has been aimed at exploring
the originality of the research within a specific framework. Based on the procedures above, 18 articles
were further examined to assess their quality. Figure 2 illustrates the application of PRISMA in
establishing these boundaries.

Phase 5: Data synthesis

The primary goal in the fifth phase of the categorization procedure was to pinpoint relevant research in
the SCOPUS database that explicitly focused on HOTS in mathematics education. To guarantee
precision and comprehensiveness, each publication's abstract, keywords, and title underwent a
meticulous verification process. Figure 2 depicts the application of the Systematic Review and Meta-
study (PRISMA) protocol for conducting an exhaustive study of every research from 2018 to 2022.
This assessment was then utilized to amalgamate data from chosen studies. The findings have been
utilized to provide methodical reports and observations.
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Figure 2

A Flow Chart Illustrating the Detailed Application of PRISMA 2022 to Studies that were Published
Between 2018 and 2022

Note. the spelling of Excluded in the Chart

A SLR is an essential undertaking that involves formulating acceptable research inquiries and
employing a systematic and transparent technique to locate, choose, assess, and acquire data from prior
relevant research for further analysis. The PICO Bilondi et al. (2024) framework, which encompasses
the factors of population, intervention, comparison, and outcome, aids researchers in creating pertinent
and suitable questions for systematic reviews. The present SLR has incorporated the following three
essential components, namely identification, screening, and feasibility evaluation, into its systematic
search technique of the literature review, using these notions as a theoretical framework.

Phase 6: Data extraction and analysis

The third phase was extracting high-quality data from previously evaluated publications, with a specific
emphasis on crucial elements present in each work, namely the abstract, findings, and discussion
sections. The data that has been extracted was then arranged in Table 4, improving its accessibility and
enabling the application of comprehensive analytical methods. After the extraction of the data, a
thorough analysis was conducted. The rationale behind opting for an SLR stems from its ability to
incorporate several research methodologies, with qualitative synthesis being the preferred analytical
method. Thematic analysis is a highly regarded method for a qualitative synthesis that is beneficial in
examining data obtained from many research methodologies. This approach facilitates the identification
of patterns by recognizing similarities and correlations among the collected observations. Within
various analytical methods, thematic analysis emerges as a particularly productive instrument for
qualitative synthesis. Subsequently, codes were developed to analyze the content of the 18 articles.
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RESULTS
General characteristics of the research

After evaluating their eligibility, 18 papers were chosen to be analyzed systematically. This study
employed three research questions to analyze the specific scholarly papers directly.

Table 4

Summary of Studies Included in the Systematic Literature Review

Authors and Year RQ1 RQ2
Abdullah (2020) Cognitive Domain of Bloom’s Tests, Rubrics, and Interviews
Taxonomy
Yayuk & Husamah (2020) Problem-solving Skills Test, Interview, and Observation
Kocak (2020) Problem-solving Skills Tests, general evaluations, rating

scales, and rubrics
Cognitive Domain of Bloom’s

Ibrahim et al. (2020) Taxonomy Test

Azid et al. (2022) g;)fg;té\gyDomam of Bloom’s Tests and interviews
Ismail et al. (2022) Critical thinking skills Questionnaire

Abdullah et al. (2019) %;)f(l)lrllté\gyDomam of Bloom’s Interviews

Ansari et al. (2021) Solving the problem Tests and interviews
Moyo et al. (2022) %:fg;%;fyljomam of Bloom’s Tests and interviews
Hidajat (2021) Creative thinking skills ;‘Ztrsv’igsvssewat‘ons’ and
Ramlee et al. (2019) %;)fg;té\gyDomam of Bloom’s Test

Julius et al. (2018) %:fg;téﬁyDomam of Bloom’s Interview, rubric, and tests

Questionnaire, interviews, video

Cognitive Domain of Bloom’s recording, observation, and field

MD-Ali & Kim (2018)

Taxonomy
notes
Tanujaya et al. (2021) Cognitive Domain of Bloom’s Interview
Taxonomy
Ismail et al. (2019) Critical thinking skills Questionnaires
Abdurrahman et al. (2021) Cognitive Domain of Bloom’s Questions and worksheets
Taxonomy

Six Principles of HOTS in

Tajudin et al. (2018) Teaching and Learning

Survey

This section offers a concise overview of the critical research characteristics addressed in this study,
such as the year the study was published, the types of HOTS in mathematics education, and the research
tools used. Table 4 provides a concise overview of the components of the literature review. This
compilation of articles all dealt with the researches which were conducted in 10 different nations. It
included the analysis and comparison of certain scientific papers, using specific inclusion criteria, to
examine HOTS variables, measurement tools, and indicators. The subsequent subsections will delve
into each of the topics covered.

RQ1: What type of instruments were used?
A comprehensive examination of the analyzed data was conducted to identify an appropriate topic for

this study. This technique generates three distinct themes, specifically as follows: (1) test instruments,
(2) non-test instruments, and (3) test and non-test instruments. The distinction between tests and
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assessments primarily resides in their extent, goals, and technique. Tests are specialized instruments
utilized to assess specific qualities or competencies and are predominantly quantitative (Yeager et al.,
2015). On the other hand, a non-test is a more comprehensive procedure that incorporates several
qualitative and quantitative data sources to generate an expert evaluation of an individual's capabilities,
performance, or growth (Zumbo & Hubley, 2016).

Furthermore, the results derived from these overarching themes were further analyzed into sub-
subthemes. As a consequence of this methodology, three distinct categories of instruments were
identified. The research topic presented involves a comprehensive and thorough examination of many
themes and types of instruments since they were directly relevant to the subject of study.

Table 5

Types of Instruments Used in Previous Research

RQ1 Test Non-Test Tests and non-tests
What types of Ibrahim et al. Ismail et al. (2019); Abdullah (2020); Abdullah (2021); Ansari
instruments are used?  (2020a); Tajudin et al., (2018); et al. (2021); Azid et al. (2022); Hidajat
Ramlee et al. Tanujaya et al. (2021) (2021); Julius et al. (2018); Kogak (2020);
(2019) MD-Ali & Kim (2018); Yayuk &
Husamah (2020)

RQ2: What HOTS Variables of Mathematics Education were Used in the Articles?

Reviewing the empirical literature on the HOTS construct in mathematics education, it can be seen that
that only a few studies have specifically examined how to test students' mathematical proficiency.
Remarkably, many of these publications primarily focused on assessing HOTS as a single construct,
and have neglected to thoroughly investigate its numerous characteristics and possible intricacies within
mathematical cognition.

Table 6

Variables of HOTS Used in Previous Studies

RQ2:
HOTS .\ . . . o
Variables of ' Crltlcal‘ Pr'oblem'- 'Cr'eatlve' Cognitive Domain of Principles
. thinking skills solving skills thinking skills Bloom’s Taxonomy of HOTS
Mathematics
Education
Studies Erdogan Abdullah etal.  Hidajat (2021)  Abdullah (2020); Azid et Tajudin
(2019); Ismail  (2019); Ansari al. (2022); Ibrahim et al. et al.
etal. (2019); etal. (2021); (2020); Julius et al. (2018)
Ismail et al. Kogak (2020); (2018); MD-Ali & Kim
(2022) Yayuk & (2018); Ramlee et al.
Husamah (2019); Tanujaya et al.
(2020) (2021)

Despite the extensive body of research on HOTS in mathematics education, it is apparent that there is
a notable deficiency in conducting thorough investigations and assessments of mathematical
proficiency as a fundamental element of HOTS. The findings demonstrate the need for additional
studies and the need to develop evaluation tools to gauge the various aspects of mathematical thinking
covered by the HOTS framework. Scholars can learn more about the importance of advanced
mathematical cognition in the classroom by filling this gap and further explore the complexities of
mathematical aptitude in HOTS.
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RQ3: What were the indicators of HOTS variables used in the articles?

In RQ3, indicators associated with the HOTS variables were investigated. The significance of
employing instruments to evaluate the efficacy of an activity should not be overlooked. These profound
discoveries can significantly aid educators and curriculum designers in modifying teaching techniques
and learning experiences that foster the development of HOTS. The insufficient consideration given to
assessing students' higher-order cognitive skills in mathematics education raises questions about how
educators and researchers utilize dependable evaluation instruments to measure the complexities of
HOTS accurately.

Table 7 provides a comprehensive overview of the various indicators employed in different research
studies, making it a valuable resource for comprehending the intricate properties of the variables of
HOTS. Every indicator represents a distinct facet of HOTS, and collectively they contribute to a more
thorough comprehension of this fundamental educational idea. This information will enhance the
advancement of future research endeavors and educational activities. In addition, educators can use this
resource to identify specific areas of focus when developing instructional methods that aim to promote
HOTS in their pupils. As a result, this adds to the enhancement and effectiveness of instructional
strategies.

Table 7

Indicators of HOTS Variables Used in Previous Studies

RQ3 ng(;£§es Author Indicator of HOTS
Critical Erdogan (2019) Utilization of thinking, arguing, and
thinking questioning, as well as enhancing abilities
skills in problem-solving
Ismail et al. (2019). Reasoning, decision-making, and problem-
solving
Ismail et al. (2022). Perception and readiness

Problem-  Ansari et al. (2021); Yayuk  The process involves identifying patterns,

What were solving & Husamah (2020) establishing links between ideas, and
the Skills integrating these two aspects to develop
indicators linkages between the concepts.
of HOTS Kogak (2020) Open-ended items
variable? Abdullah et al. (2019); (Model of Polya) Understanding Planning
Yayuk & Husamah (2020)  Implementation Final answer
Creative Hidajat (2021) The individual intends to engage in
thinking problem-solving activities by identifying
skills the fundamental aspects of the issue at

hand. S/he aims to generate novel ideas and
propose alternative strategies for resolving
the problem. Additionally, S/he plans to
integrate prior concepts with the inquiries
raised by the issue. Ultimately, S/he will
implement plans by generating diverse
creative solutions.
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HOTS
RQ3 Variables Author

Indicator of HOTS

Cognitive  Abdullah (2021); Julius et
Domain of al. (2018); MD-Ali & Kim
Bloom’s (2018); Moyo et al. (2022);
Taxonomy Ramlee et al. (2019).
Tanujaya et al. (2021)

Azid et al. (2022).

Applying, analyzing, evaluating, and
creating

Analyzing, evaluating, and creating
Analysis, synthesis, and evaluation
Skills, ideas, and information for problem-

solving purposes to improve one’s
decision-making abilities.

What were Ibrahim et al. (2020)
the
indicators — _
of HOTS Principles  Tajudin et al. (2018)
variable? ~ ©f HOTS

Examples of practices that can be included
in this category encompass the optimal
implementation of assessment for learning,
the determination of HOTS learning
outcomes, the utilization of HOTS
questioning strategies, the integration of
information, communication, and
technology, the engagement in active
learning, and the cultivation of habits of
mind.

After analyzing the search results, it has become apparent that a few researchers have been actively
pursuing studies about measuring instruments for HOTS. The lack of research in this area highlights
the need for increased focus and resources dedicated to creating and verifying dependable tools for
evaluating HOTS in the context of mathematics education. Comprehensive and rigorously validated
assessment instruments are essential in education as they offer educators unique insights into the
cognitive capacities associated with higher-order thinking. By promoting increased research in this area
and facilitating cooperation between researchers and educators, it is feasible to progress the field of
HOTS assessment and make valuable contributions to improving mathematics education. This, in turn
will empower students with the cognitive abilities necessary for success in their academic pursuits and

beyond.

Figure 2

Frequency of Article Publication on Instruments for the Past Five Years

Frequency Publication

2018 2019 2020

2021 2022

Educators need to possess a greater comprehension of high-level cognitive processes (Harpster, 1999;
Thompson, 2008). HOTS is a set of mental processes (Lewis & Smith, 1993; Resnick, 2016) that
involve complex evaluation and analysis of complex situations based on many criteria, or the
identification of possible solutions in difficult situations. The task of instructing students in higher-order
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thinking has significant difficulties due to the necessity of the teacher possessing creative abilities
(Alhassora et al., 2017; Henningsen & Stein, 1997; Nisa et al., 2023; Thompson, 2008), as well as the
prerequisite of students possessing strong foundational abilities (Kania et al., 2023). However,
educators still strive to create assessment instruments that effectively evaluate students' higher-order
thinking skills (Rintayati, 2020). Teachers' inability to incorporate HOTS) can be attributed to their
limited training and lack of exposure to HOTS. It is recommended that extra courses or specialized
workshops be provided alongside teaching courses in order to equip future educators with the necessary
information and skills to effectively incorporate HOTS into their instruction (Ahmat et al., 2017). Fewer
than ten scholarly studies were carried out on this topic yearly, which is a matter of concern.

DISCUSSION
Types of HOTS Measuring Instruments

Numerous instruments measuring a broad range of HOTS, have been devised to assess cognitive
abilities that extend beyond the mere acquisition of fundamental knowledge. These instruments have
been designed to facilitate the investigation of complex cognitive processes such as critical thinking,
problem-solving, creativity, and analytical skills. Educators and researchers are presented with a wide
array of HOTS measuring tools, enabling them to choose the most suitable method for assessing specific
cognitive abilities and enhancing their understanding of students' higher-order thinking capabilities.

There are three types of HOTS test instruments, and they are as follows: (1) test instruments (Erdogan,
2019; Ibrahim et al., 2020a; Ramlee et al., 2019); (2) non-test instruments (Abdullah et al., et al., 2019;
Ismail et al., 2019a, 2022b; Newton et al., 2022; Tajudin et al., 2018; Tanujaya et al., 2021); and (3)
test and non-test instruments (Abdullah, 2020; Abdurrahman et al., 2021; Ansari et al., 2021; Azid et
al., 2022; Hidajat, 2021; Julius et al., 2018; Kogak, 2020; MD-Ali & Kim, 2018; Yayuk & Husamah,
2020).

Figure 3

Types of HOTS Measuring Instruments

Researchers have created various HOTS measuring instruments and methodologies to meet assessment
needs. Some HOTS test instruments have been formulated as multiple-choice or essay-based
assessments, and the studies conducted by Erdogan (2019) and Ibrahim et al. (2020) have contributed
to this area. HOTS test instruments can be developed as multiple choice (Setiawan et al., 2021;
Suprapto, 2020) or essay. It has been shown to accurately identify students’ HOTS (Maryani et al.,
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2021). Several commonly used tools for testing HOTS include essay questions, case studies, project-
based exams, and performance tasks. Essay prompts necessitate students engaging in the analysis and
synthesis of information to formulate well-considered responses, demonstrating their proficiency in
critical thinking and compelling articulation of ideas.

On the other hand, non-test instruments have also been employed to evaluate HOTS. These include
interview-based assessments (Abdullah et al., 2019; Tanujaya et al., 2021) and questionnaires utilized
in studies by Ismail et al. (Ismail et al., 2019, 2022). Surveys have also been employed as another non-
test instrument (Tajudin et al., 2018). Non-test instruments facilitate the assessment of HOTS by
allowing students to apply mathematical concepts in real-world situations and exhibit a profound
understanding of the subject matter. Non-test instruments are of significant importance in evaluating
and enhancing students' cognitive skills at a higher level of thinking within the domain of mathematical
education.

The variety in the design of non-test instruments utilized in mathematics instruction is contingent upon
the particular objectives and learning context. Non-test instruments encompass various assessment
methodologies that differ from conventional examinations. This academic instrument includes a variety
of research projects, oral presentations, compiled portfolios, collaborative group discussions, in-depth
case studies, and written assignments. Research endeavors allow students to explore a particular
mathematical topic, formulate an experimental approach, and subsequently assess and analyze the
findings acquired. Presentations allow students to disseminate their knowledge and skills in specific
mathematical topics to their peers within the classroom or group setting.

Case studies encompass authentic situations that compel students to employ their knowledge to resolve
intricate issues, showcasing their aptitude for problem-solving within pragmatic settings. Project-based
evaluations evaluate students' capacity for creativity by assigning them the responsibility of generating
creative solutions or manifestations about a specific subject matter. In contrast, performance tasks
require students to exhibit their advanced cognitive capabilities by engaging in practical activities or
simulations, exemplifying their capacity to use acquired knowledge and skills in real-world scenarios.

Moreover, there are combined HOTS measuring instruments that incorporate multiple assessment
methods. For example, some researchers have used a combination of tests and interviews, as seen in
studies by Ansari et al. (2021a) and Azid et al. (2022a). Others have utilized tests, interviews, and
observations, as evidenced in the works of Hidajat (2021) and Yayuk & Husamah (2020). Additionally,
the study by Julius et al. (2018) recommended the use of a test, a rubric, and interviews, while the
research by Abdurrahman et al. (2021) used questions and worksheets. These comprehensive and varied
HOTS measuring instruments allow researchers and educators to employ various assessment
approaches to accurately gauge and foster higher-order thinking skills among students.

HOTS Variables in Research

The significance of an instrument in assessing the level of success achieved in an activity cannot be
overstated. The analysis of articles published in the last five years reveals a notable lack of emphasis
on the evaluation of measuring instruments in mathematics education. This phenomenon is visually
depicted in Figure 2. Remarkably, the annual frequency of research conducted to examine or evaluate
the precision of these measuring instruments has consistently remained low, with less than ten
investigations being undertaken per year. The findings above indicate a worrisome pattern in research
on the assessment tools used for HOTS, as this aspect has not received the necessary attention and
recognition. Since this area is not getting enough attention, it raises questions about how well teachers
and researchers are using reliable assessment tools to capture the complexity of HOTS, despite how
important it is to accurately measure students' higher-order cognitive skills in mathematics education.

The present SLR has clearly shown that there is not much research in the area of HOTs assessment
tools; more time, effort, and money need to be put into creating and validating robust assessment tools
that can test students' ability to use HOTS in math class. Educators who are provided with extensive
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and rigorously validated measurement tools are empowered to personalize educational strategies that
can foster critical thinking, problem-solving, and analytical abilities. These instruments are of utmost
importance in furnishing educators with valuable insights into their students' cognitive ability at a higher
level of thinking. The advancement of HOTS measurement and its potential contribution to the
improvement of mathematics education can be facilitated by the promotion of further research in this
area and the cultivation of collaborative efforts between researchers and educators.

Figure 4

Distribution of HOTS Variables in Research Articles

Note correction: Analysis and Reasoning in Figure 4

Figure 4 shows that several experts have defined HOT in terms of several thinking skills, including the
most frequently used the cognitive domain of Bloom's taxonomy (Conklin, 2012; Krulik & Rudnick,
1999; Yuliati & Lestari, 2018). HOT was considered critical thinking and creative thinking by
Presseisen (1985). Brookhart (2010) stated that HOT was problem-solving. King et al. (2013) explained
that HOT stood for logical, reflective, and metacognitive thinking. Presseisen (1985) was of the view
that HOT was decision-making. Figure 4 presents a visually compelling representation of the
distribution of research about the HOTS variable. The current state of research on HOTS indicates a
very narrow focus, with most studies concentrating on the cognitive domain of Bloom's Taxonomy.
This observation suggests significant potential for future research and development in several domains
of HOTS.

In contrast, the Critical Thinking Skills category has garnered considerable scholarly attention, as
evidenced by 18 percent of research on this subject. This observation highlights the widespread
recognition among scholars of the need to cultivate critical thinking abilities in educational settings.
Nevertheless, further investigation is still required into several dimensions of HOTS, including creative
thinking skills, logical reasoning, and analytical reasoning abilities.

The limited allocation of 4 percent of research efforts towards investigating the Six Principles of HOTS
implies a significant gap in the current body of research about HOTS. Consequently, additional
exploration and investigation of this idea within the realm of the HOTS study is warranted. In general,
Figure 4 underscores the potential for further advancement and progress in research on higher-order
thinking skills. Conducting additional research on several facets of HOTS will contribute to the
advancement of one’s comprehension regarding strategies to enhance higher-order thinking skills
within the field of education.
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CONCLUSION

The significance of an instrument in assessing the level of success achieved in an activity cannot be
overstated. The analysis of articles released over the last five years reveals a notable lack of focus on
the assessment of measuring instruments within the realm of mathematics education. This phenomenon
is visually depicted in Figure 2. Remarkably, the annual quantity of research conducted to examine or
evaluate the precision of these measuring instruments has always remained limited, with fewer than ten
investigations being completed every year. The findings above indicate a worrisome pattern, wherein
the significance of research about measuring instruments for HOTS has not been adequately
emphasized. The fact that it has not received much recognition is proof of this inclination. The
insufficient level of engagement within this domain raises concerns regarding the degree to which
educators and researchers are employing valid measuring tools to capture the complexities of HOTS,
despite the crucial importance of accurately evaluating students' higher-order cognitive abilities in
mathematics education.

Upon examining the search results, it has become evident that only a few scholars were researching
assessment instruments associated with HOTS. Because there was not a lot of research in this area,
more time, effort, and money need to be put into creating and validating robust assessment tools that
can measure how well students use HOTS in mathematics class. Educators with extensive and
rigorously validated measuring tools are empowered to tailor instructional tactics that foster critical
thinking, problem-solving, and analytical abilities. These tools are essential in providing valuable
information to educators about the cognitive skills of their pupils at a higher level of thinking. The
encouragement of additional research in this area and the development of collaborative efforts between
researchers and educators can help advance HOTS measurement and improve mathematics education.
Ultimately, this will give pupils the cognitive abilities essential for success in their educational
endeavors and beyond.

Recommendations

The present SLR has broader implications that go beyond the boundaries of its stated aims, thereby
offering significance for future research undertakings and educational practices. The observed patterns
and trends offer valuable insights for designing suitable assessment instruments for HOTS in
mathematics and other academic subjects. Educators should optimize their educational strategies by
developing a comprehensive comprehension of the dynamic relationship between evaluative and non-
evaluative components and recognizing the significance of Bloom's Taxonomy, empowering students
to nurture and demonstrate their higher-order cognitive abilities more efficiently. Moreover, this study
presents potential avenues for future exploration within the HOTS domain. As the expansion of HOTS
evaluation develops, it is recommended that prospective scholars seize the opportunity to investigate
innovative ways, study supplemental indications, and untangle the subtleties of higher-order cognitive
processes. Ongoing research efforts have the potential to drive advancements in educational
methodologies through the improvement of teaching strategies and the cultivation of critical thinking
and problem-solving abilities in students. By utilizing the comprehensive foundation established in this
inquiry, scholars can develop their capacity to generate significant contributions in the pursuit of a
comprehensive understanding of sophisticated cognitive processes. This, in turn enables the integration
of the relevant HOTs processes within educational settings, thereby fostering the intellectual
development of students and nurturing their aptitude in the realm of critical thinking.

Limitations

Though there were significant findings obtained from the present SLR, it is imperative to also
acknowledge its many limitations. The study's utilization of 18 scholarly papers may not provide a
complete representation of the extensive range of assessment methods for HOTS in mathematics
education. Although there were considerable efforts made to select pertinent and dependable sources,
the restricted scope of the literature study might impede the applicability of the present findings.
Moreover, limiting the SLR’s attention solely to English-language articles risks introducing linguistic
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and cultural biases into the research, which might have resulted in neglecting many other different
viewpoints and cultural contexts. Therefore, it is recommended to use caution in the interpretation of
the data and not generalize beyond the particular contexts studied. Furthermore, engaging in further
studies that span a broader array of sources has the ability to augment one’s comprehension of this
subject matter more thoroughly.

In addition, the research carried out in the present SLR demonstrates an inclination towards employing
Bloom's Taxonomy as the principal framework for evaluating HOTS in the domain of mathematics.
This inclination has the ability to generate an inherent bias towards the paradigm outlined earlier. While
recognizing the presence of diverse theoretical frameworks and models about higher-order thinking, it
is essential to realize that the study has encountered certain limitations in exploring them.

The present SLR has substantially contributed to assessing higher-order cognitive skills within
mathematical education. Nevertheless, it is imperative to recognize the intrinsic constraints of the SLR
study to prevent generating baseless extrapolations. To further one’s understanding of the intricate
characteristics of higher-order thinking and its evaluation in diverse educational contexts, it is crucial
that future research endeavors to prioritize the resolution of these constraints.
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