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Abstract: Human thinking abilities in the world of education are generally categorized into two
parts, namely the ability to think critically and the ability to think creatively, both of which are
included in high-level thinking abilities. This research aims to develop a Higher Order Thinking
Skill-based question instrument in mathematics learning. The method involves development
studies using Tessmer's Formative Research Design model. This research involved experts from
academics and mathematics practitioners as well as class X Madrasah Aliyah Negeri 1 Pohuwato.
Data was obtained from the description test and analyzed to measure the validity, reliability, level
of difficulty, and distinguishing power of the instrument. The results showed that of the 60 class
further to poor higher level thinking abilities. Even though there are no students with very good
high-level thinking abilities, the average high-level thinking ability of all class X students at
Madrasah Aliyah Negeri 1 Pohuwato is 57.38, indicating that the test instrument is effective. The
Higher Order Thinking Skills description test questions that were tested had high validity and
reliability, as well as a good level of difficulty and differentiating ability of the questions, making
this test instrument suitable for evaluating students' higher order thinking abilities.
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INTRODUCTION

Thinking is a basic human activity, helps understand and solve problems, and is an
indicator of brain function. Thinking abilities are divided into two categories in education:
critical and creative thinking, both of which aim at solving problems in everyday life.
Critical thinking is important because the demands of the times and technology require
the ability to search, sort and use information critically so as not to make mistakes. In
addition, individuals are always faced with various choices and problems, requiring
attitudes and critical thinking skills in responding to conflict (Lubis, 2019).

One way to support students to think is by having literacy competencies. Literacy is
one of the fundamental aspects of human life that has a significant impact on individual
development, education and society (Dasopang et al., 2023). According to UNESCO,
literacy refers to an individual's ability to read, write, interpret and use written or spoken
language to communicate and understand information. In Indonesia, where Islamic
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religious education has a central role, literacy is also very important in understanding and
interpreting Islamic religious teachings, such as the Koran and hadith (Anhar et al.,, 2023).

Madrasas, as Islamic educational institutions, have a big responsibility in developing
students’ literacy competencies. Literacy in madrasah includes not only understanding
religious texts, but also the ability to read and write well in the national language and
critical thinking skills. However, various challenges stand in the way of strengthening
literacy competencies in madrasas, including limited access to adequate reading materials,
lack of teacher training in literacy, and too much focus on teaching religious texts.

The importance of critical thinking is also related to the preparation of the 21st
century generation in facing the complexities of the modern era. Education plays an
important role in training students' thinking abilities, especially through learning
mathematics. Although some math materials may not seem relevant in everyday life, they
provide opportunities for students to practice higher order thinking skills (HOTS).
Mathematics learning can create unfamiliar situations, encourage the use of prior
knowledge, mathematical reasoning, and flexible cognitive strategies, and provide
opportunities for generalization, proof, and evaluation (Lubis et al., 2021).

Teachers have a key role in developing students' higher-order thinking abilities.
Teachers must understand and master the material and have the latest ideas and ideas to
train students according to their subject area. The Republic of Indonesia Law stipulates
that teachers are professional educators with the necessary academic qualifications and
competencies, including pedagogical, personal, social and professional competencies.
However, Indonesia faces challenges in teaching students higher-order thinking skills. The
results of international studies such as PISA show that Indonesia's competitiveness,
especially in mathematics, is still low, and students are poorly trained in solving HOTS
questions. Educational evaluations tend to test lower level thinking abilities and do not
train students' higher order thinking skills (Lubis & Dasopang, 2021).

HOTS, an abbreviation for Higher Order Thinking Skills, refers to higher-order
thinking abilities. According to various experts, HOTS involves the ability to synthesize,
generalize, explain, hypothesize, and conclude. Ministry of Education and Culture (2018)
states that HOTS involves specific learning situations, intelligence influenced by the
environment, multidimensional understanding, and high-level thinking skills such as
reasoning and analysis. This concept was first proposed by American psychologist,
Benjamin Bloom, in his work "Taxonomy of Educational Objectives”, which emphasized
the importance of developing students' cognitive and thinking skills. Bloom (1956)
explained that the cognitive domain is related to remembering, recognizing knowledge,
and developing students' intellectual abilities and skills.

Research relevant to this topic includes two studies. First, research by Prasetyani et
al. (2016) at Sriwijaya University discussed students' high-level thinking abilities in
problem-based mathematics learning at SMA Negeri 18 Palembang. The results of the
research show that some students have sufficient high-level thinking abilities, with the
highest percentage in the analyzing indicator. Second, the study by Setiawan et al. (2014)
at the University of Jember explored the relationship between mathematics questions in
the PISA exam and students' mathematical literacy and higher order thinking skills. The
results show that the PISA questions test students' higher-order thinking abilities up to
cognitive level C4-C6. These two studies have similarities with this research in the context
of exploring higher order thinking abilities (HOTS). The difference with this research is
that this research aims to create a HOTS question instrument for class X mathematics
subjects with standard questions that pass good test questions. Through this research,
researchers are trying to overcome the problem of low high-level thinking abilities of
students at MAN 1 Pohuwato. It is hoped that this research can help improve students'
high-level thinking abilities, create evaluation instruments that suit students'
psychological needs, and make a positive contribution to the development of education in
Indonesia.




METHODS

This research was conducted at Madrasah Aliyah Negeri 1 Pohuwato by complying with a
number of certain criteria. This research took place in the Odd Semester of the 2022/2023
Academic Year with the material: Systems of linear equations with three variables. The
research method applied is Development Research, or Research and Development (R & D).
Sugiyono (2015) explains that the Research and Development method is used to create
special products and test their effectiveness. In the context of this research, test
instrument development was carried out to create a test of higher order thinking abilities
(HOTS). The research subjects were class X students with a sample of class X/1 to X/3
totaling 60 people.

The research design that researchers use in this research is the formative research
type development model by Tessmer (1993). In general, this design model has four stages,
namely the preliminary stage (preparatory analysis), the self-evaluation stage (test
design), the prototyping stage (test improvement), and the field test stage (field trials).
The process of developing test instruments using the formative research model by
Tessmer involves several stages. The first stage, namely the Preliminary Stage, involves
collecting references and preparing for collaboration with schools, including determining
research locations and trial subjects. Next, the Self Evaluation Stage involves curriculum
analysis, student analysis, and material analysis to design high-level thinking ability test
instruments. The test instrument design, including the question grid and answer key, is
produced in this stage. The third stage, Prototyping, involves product evaluation through
trials with experts (Expert Review), individual students (One-to-one), and small groups
(Small Group). Feedback from these trials was used to revise the test instrument design,
resulting in prototypes Il and III. The final stage, namely the Field Test Stage, involves field
trials with class X students based on the revised test instruments. Comments, suggestions,
and trial results from the field test are used as a basis for final adjustments to the test
instrument design. This process ensures that the test instruments developed are able to
measure students' mathematical connection abilities in accordance with the criteria
established in this research.

The data collection technique uses test instruments in the form of HOTS questions.
Data analysis of student test results includes firstly the percentage of student test results
in the form of high, medium and low level ability classifications. Then test the HOTS
questions, including testing the validity and reliability of the test, testing the level of
difficulty, and testing the differentiating power of HOTS questions.

RESULTS

Data from the results of the high-level thinking ability test carried out by 60 students were
seen based on the final score. Then the data is analyzed, processed and converted into
qualitative data to determine students' high-level thinking abilities. The test results are
contained in table 1. Then the question criteria and test results are contained in tables 2, 3,
4, and 5.

TABLE 1. HOTS Test Result Score Data for SPLTV Material

Student grade data Frequency % Criteria
76 <x<100 0 0 Veri good
51<x<76 32 53 Good
26<x<50 25 42 Sufficient




0 < nilai < 25 3 5 Bad
Jumlah siswa 60 100

Rata-rata nilai 57,38

Based on the data above, it can be concluded that the 60 class X students of Madrasah
Aliyah Negeri 1 Pohuwato show variations in high-level thinking abilities. Of the total test
subjects, 32 students (53%) had good high-level thinking abilities, 25 students (42%) had
sufficient high-level thinking abilities. However, there are 2 students (5%) who still need
more practice because their high-level thinking skills are not good. Even though there are
no students who have reached the highest criteria, namely very good in high-level thinking
abilities, the average high-level thinking ability of class X students is 57.38. This average
falls within good criteria, indicating that the test instrument is effective for measuring
students' higher-level thinking abilities.

TABLE 2. Construction Validity Test Results Data

Number Validator 1 Validator 2 Validator 3 Li

1 4 4 4 4

2 4 4 5 4,33
3 4 4 4 4

4 4 4 4 4

5 4 4 4 4

From the results of expert validation, it can be concluded that all question items,
starting from question 1 to question 5, have high validity values. Even though the question
instrument in the prototype is considered valid, it still requires several minor revisions or
improvements before it can be used more widely.

TABLE 3. Empirical Validity Test Results Data

Number r Criteria
1 0,737 Valid
2 0317 Valid
3 0,603 Valid
4 0,789 Valid
5 0,517 Valid

Furthermore, the validity test of the question items was carried out based on the
results of field trials involving class X students of Madrasah Aliyah Negeri 1 Pohuwato.
Analysis using the Pearson product moment correlation formula shows the following
results: for item 1, the calculated r value (0.737) is higher than rtable (0.25), so it can be
concluded that item 1 is valid. For question item number 2, rcount (0.317) also exceeds
rtable (0.25), indicating the validity of question item 2. Likewise with question item
number 3, the rcount value (0.603) which is greater than rtable (0.25) shows its validity.
Question number 4 is also valid with rcount (0.789) exceeding rtable (0.25).




Finally, for question item number 5, rcount (0.517) is also higher than rtable
(0.25), confirming the validity of this question item. Thus, this question instrument can be
used as a tool to measure students' high-level thinking abilities.

TABLE 4. Difficulty Level Test Results Data

Number Difficulty Level Criteria
1 0,831 Easy
2 0,503 Medium
3 0,598 Medium
4 0,484 Medium
5 0,3 Difficult

According to standards, a question is considered good if it is neither too difficult nor too
easy. The results of the analysis show that item number 1 has a low level of difficulty
(0.831), while item number 2 has a medium level of difficulty (0.503). Questions number 3
and number 4 also have a medium level of difficulty with values of 0.598 and 0.484
respectively. However, question number 5 is considered difficult with a difficulty level of
0.3. From these results, it can be concluded that question items number 2, number 3, and
number 4 are good questions for measuring students' high-level thinking abilities.

TABLE 5. Discriminating Power Test Result Data

Number DpP Criteria
1 0,204 Sufficient
2 0,102 Bad
3 0217 Sufficient
4 0,331 Good
5 0,168 Bad

The next step after testing the validity, reliability and difficulty level of the
questions is to test the differentiating power of each item on the high-level thinking ability
test instrument. This test aims to assess the extent to which the questions are able to
separate students who have a good cognitive classification from students who have a poor
or weak cognitive classification. The results of the analysis of the differentiating power
test from the high-level thinking ability test instrument show that for item number 1, the
differentiating power is sufficient with a value of 0.204. For item number 2, the
discriminating power is not good with a value of 0.102. Likewise, question number 3 has
poor differentiating power with a value of 0.217. However, for item number 4, the
discriminating power is good with a value of 0.331. Finally, item number 5 has poor
differentiating power with a value of 0.168.

TABLE 6. Reliability Test Results Data

Number ri1 Criteria
1 0,96 Very high
2 0,925 Very high
3 0,945 Very high




4 0,933 Very high
5 0,901 Very high

After conducting an empirical validity analysis using the product moment
correlation formula, test of difficulty level of questions, and power difference test, the test
instrument for high level thinking abilities of class Trustworthiness was tested (reliability
test) using the Alpha Cronbach formula. The reliability test results show that the test
instrument as a whole is reliable, with a very high level of reliability. For item number 1,
the reliability value (r11) is 0.96, indicating very high reliability criteria. Likewise for
question number 2, the reliability value is 0.925, for question number 3 the reliability
value is 0.945, for question number 4 the reliability value is 0.933, and for question
number 5 the reliability value is 0.901, all of which show very high reliability criteria.
Thus, it can be concluded that this test instrument can be trusted as a data collection tool
to measure the high-level thinking abilities of class X students at Madrasah Aliyah Negeri 1
Pohuwato.

DISCUSSION

History records that the term Higher Order Thinking Skills (HOTS) was first introduced by
American psychologist, Benjamin Samuel Bloom, through his famous work, "Taxonomy of
Educational Objectives". In his book, Bloom details the levels of thinking and explains that
education includes three main aspects: cognitive, affective, and psychomotor. Bloom's
Taxonomy is the basis for understanding and developing higher-order thinking abilities
According to several experts, Higher Order Thinking Skills refer to the ability to combine
facts and ideas, synthesize, generalize, explain, make hypotheses, or conclude (Newman
and Wehlage, 2013).

HOTS also includes the ability to use thinking to solve problems (Onosko &
Newmann, 1994). Resnick (1987) states that HOTS involves complex thinking processes
such as describing material, making conclusions, building representations, analyzing, and
forming relationships by involving basic mental activities. This ability involves the critical
ability to evaluate information, draw conclusions, and make generalizations.

According to the Ministry of Education and Culture (Kemendikbud, 2018), HOTS is
triggered by four conditions. First, certain learning situations require specific learning
strategies that cannot be used in other learning situations. Second, intelligence is no longer
considered a fixed ability, but rather as knowledge that is influenced by various factors
including the learning environment, strategies, and learning awareness. Third,
understanding of views has shifted from unidimensional, linear, hierarchical, or spiral
towards multidimensional and interactive understanding. Fourth, specific higher order
thinking skills such as reasoning, analysis, problem solving, as well as critical and creative
thinking skills are also involved. In this research, after going through the stages of
developing the questions and testing the suitability of the questions, the HOTS question
format for the SPLTV material was obtained, namely:

Number Questions

1 A coffee powder seller mixes three types of coffee. The first coffee mixture consisted of
6 grams of type A, 3 grams of type B and 1 gram of type C, which was sold for IDR.
3,520.00. The second coffee mixture consists of 3 grams of type B, and 1 gram of type C
is sold for IDR. 1,180.00. The third mixture consists of 2 grams of type B and 8 grams of
type C, sold for Rp. 2,400.00. From the data above, which type of coffee is the most
expensive?

2 Three carpenters Irvan, Figi, and Udin working together were able to complete a
cupboard in 4 days. Irvan and Fiqi's experience was that they had worked on a
cupboard with the same model and size and finished it in 6 days. The three of them had
made a similar cupboard for 1 day, after that Figi and Udin had other jobs suddenly.




Irvan needed an additional 6 days to complete the cupboard. How long does it take for
each craftsman to work on the cupboard alone?

3 A t-shirt convection factory has 3 machines A, B, and C. If all three machines work, 6000
t-shirts will be produced in one week. If only machines A and B work, then 4300 t-
shirts will be produced in a week. If only machines A and C work, then 3900 shirts can
be produced in one week. The total number of t-shirts produced by each machine in
one week is?

4 Tuti, a cake maker, received an offer from a cake shop to make a package of cakes
consisting of 20 pancakes and 30 panada cakes. Tuti is assisted by her two younger
siblings, Fani and Leni. If Tuti and Fani make these cakes, they are usually finished
within 2 hours. If Tuti works with Leni, it can be completed in 3 hours. Meanwhile, if
Fani and Leni work together, they can complete the work in 4 hours. How many
packages of cakes can Tuti and her siblings make if they work together in 12 hours?

5 A sandal factory sells 320 pairs of sandals to stores A, B, and C in the first month. Shop
A bought 1 pair of sandals for IDR 25,000.00. Shop B bought 1 pair of sandals for IDR
15,000.00 and shop C bought 1 pair of sandals for IDR 20,000.00. Shop B managed to
sell 4/5 times the number of sandals sold by shop A. The company's revenue for that
month reached IDR 6,540,000. In the following month, demand for sandals by each
shop increased by 50% from the previous month's demand and so on. To increase the
selling power of each shop, the company gives bonuses to shops that successfully sell
sandals, with the condition that for every 50 pairs of sandals, the shop will give a bonus
of 5% of the price of the sandals purchased. The bonus that the company will issue if
the sandal shop can fulfill the above requirements for 3 months is?

Question number 1 can be categorized as a Higher Order Thinking Skills question because
it requires in-depth understanding and application of complex mathematical knowledge to
solve it. (Silvia et al., 2023). To answer this question, first of all, problem solving requires
an understanding of proportions and linear equations, as well as the ability to identify the
relationship between quantity and price.

In solving this problem, we need to create a system of linear equations based on
the coffee content and price for each blend. After that, we must use the elimination or
substitution method to find the value of each type of coffee. This process involves critical
analysis of data and the ability to solve systems of linear equations, which are high-level
mathematical skills (Hazrullah & Lubis, 2023).

In addition, this question invites students to understand the concept of relative
value and identify solutions to systems of linear equations. By combining basic
mathematical knowledge and complex problem solving skills, students are challenged to
think critically, analyze, and make decisions based on a deep understanding of
mathematical concepts. Therefore, this question requires high-level thinking skills and is a
real example of a HOTS question. The questions above can be categorized as HOTS
questions because they require students to solve complex problems and require high
levels of analytical and logical thinking (Lubis & Dasopang, 2020). Students not only need
to add numbers or remember formulas, but also need to understand complex situations,
identify patterns, and apply their knowledge to find solutions.

For question number 2, students need to elaborate on the information provided,
understanding the relationship between the time needed by carpenters when working
together and when working alone. They need to use their knowledge of mathematics and
logic to construct equations or mathematical models that represent the situation. Students
also need to identify the variables involved, such as the time required by each carpenter
when working alone, the time required when working together, and the additional time
required by Irvan when working alone (Lubis & Wangid, 2019).

After constructing a mathematical equation or model, students need to solve the
equation to find the value of the time required by each carpenter when working alone. In
this process, students need to apply mathematical knowledge, such as the concept of linear
equations, and perform analytical steps to arrive at the correct answer. By requiring
analytical thinking, complex problem solving, and the application of mathematical




knowledge in real contexts, this question can develop students' high-level thinking skills,
so itis included in the HOTS question category.

Question number 3 can be categorized as a HOTS (Higher Order Thinking Skills)
question because it requires high analytical thinking to find a solution. Students not only
need to add numbers, but also understand the complex relationship between working
machines and t-shirt production.

Next, students need to use mathematical knowledge about systems of linear
equations. They must understand that t-shirt production can be represented in the form of
a system of linear equations with three variables (machines A, B, and C) and three
equations. Next, students need to identify the variables involved, namely the number of t-
shirts produced by each machine, and construct a system of linear equations that
corresponds to the information given in the problem.

After constructing a system of equations, students must use knowledge of methods
for solving systems of linear equations, such as substitution or elimination methods, to
find the value of the variable (number of t-shirts) for each machine. This process involves
deep analytical thinking and the ability to apply mathematical concepts to real contexts.

By requiring an understanding of complex mathematical concepts, analysis of real
situations, and application of methods for solving systems of linear equations, this
question challenges students to think at a higher level, so it can be categorized as a HOTS
question. Question number 4 can be categorized as a HOTS question because it requires
analytical thinking and the application of complex mathematical concepts to solve it.
Students not only need to count the number of cakes in each package, but also understand
the relationship between the number of cakes, work time, and various combinations
between Tuti, Fani, and Leni. In solving this problem, students need to understand
mathematical concepts related to work rate. They must understand that work rate is the
quotient of the amount of work done by the time required to complete it. In the context of
this question, students must identify the variables involved, namely the amount of work
(pancakes and panadas) and the time required to complete it.

After identifying the variables, students must use knowledge of systems of linear
equations with three variables (pancakes, panadas, and time) to construct a system of
equations that fits the information given in the problem. This process involves deep
analytical thinking and the ability to apply mathematical concepts to real contexts.

Next, students must use methods for solving systems of linear equations, such as
the substitution or elimination method, to find the variable values (the number of
pancakes and panada cakes) and the time needed to complete the work within 12 hours.
By requiring an understanding of complex mathematical concepts, analysis of real
situations, and application of methods for solving systems of linear equations, this
question challenges students to think at a higher level, so it can be categorized as a HOTS
question.

Finally, question number 5 can be categorized as a HOTS (Higher Order Thinking
Skills) question because it involves understanding complex mathematical concepts and
requires high level thinking to solve it. Students are not only asked to carry out simple
arithmetic calculations, but also have to understand the concept of calculating prices,
income, bonuses, and sales percentage increases from month to month.

First, students must understand the information on sandal sales to each store in
the first month, calculate the total income from these sales, and then understand the 50%
increase in demand for sandals in the following month. Next, students must understand
the concept of bonuses given to shops based on the number of pairs of sandals sold. This
involves calculating a bonus of 5% of the price of the sandals, which is given for every
multiple of 50 pairs of sandals. Students need to understand when and how much bonuses
are given to each store. Apart from that, students must also understand that increasing
sales in the following month will have an impact on income and bonuses given by the
company. Thus, students are expected to be able to combine knowledge about the




concepts of percentages, bonuses, and sales to calculate the total bonuses that will be
issued by the company for 3 months.

Solving this problem requires in-depth analytical thinking, the ability to apply
various mathematical concepts simultaneously, and a deep understanding of the sales-
based bonus mechanism. Therefore, this question triggers high-level thinking and can be
categorized as a HOTS question.

The five HOTS questions above can strengthen students' literacy competencies in
madrasas because they encourage students to develop various literacy skills, including
reading, understanding, analyzing, interpreting and presenting information effectively.
Several reasons why these questions can improve students' literacy competence in
madrasas include (1) Encouraging Understanding of Complex Content, because these
questions involve complex mathematical concepts and require in-depth understanding of
these topics. Students need to read and understand the information provided, and apply it
in real situations. (2) Improve Reasoning and Analysis Skills, because students must be
able to analyze information, identify patterns, and draw logical conclusions from the data
provided. This involves the ability to understand the context of the problem and apply
logical reasoning in solving problems. (3) Developing Critical Abilities, because students
are invited to think critically in solving these problems. They must be able to assess
relevant information, make assumptions, and consider the implications of decisions taken.
(4) Involves problem solving, because these questions are problems that require
systematic problem solving. Students need to plan an effective approach to solving the
problem, identify the necessary steps, and find the right solution. (5) Requires
Presentation of Results, because the question involves the presentation of results in
written form or clear mathematical calculations. Students must be able to present their
answers in a way that is systematic and easy for readers to understand. (6) Encourage
Collaboration and Discussion, as these questions can also be used as a basis for group
discussions or collaborative projects. Students can discuss different approaches, share
ideas, and work together to solve these problems.

By involving students in solving complex mathematical problems, the HOTS
questions above not only develop their mathematical skills but also increase their literacy
in reading, understanding, and presenting information in a systematic and logical way.
Therefore, the HOTS questions created by researchers can significantly strengthen
students' literacy competencies in madrasas.

CONCLUSION

The research results show that the test instrument developed meets good quality criteria
for measuring high-level thinking abilities. This test instrument has been proven to be
valid, reliable, has a balanced level of difficulty (neither too easy nor too difficult), and has
adequate differentiating power. As a final result, this research produced 5 quality final
prototype question products. For scientific reasons, the five HOTS questions are
considered to be a means of increasing students' literacy competence in madrasas.
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