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Abstract: Indonesian pupils need help solving problems, particularly in mathematics, due to the need
for practice questions with the higher-order thinking (HOT) type. This research aims to develop a
reliable and valid tool for assessing students' higher-order thinking skills in mathematics. Developing
a test involves gathering requirements, creating questions, assessing answers, running trials, analyzing
data, making adjustments, and finally putting everything together. The instrument trial was conducted
at SMAN at Majalengka, West Java. The total number of test subjects was 32 students. Research data
were collected using a description test. The test instrument consists of 10 descriptions, but only 6
had good validity based on the value of V on the V-Aiken. In addition, the test package produces
reliable questions based on Cronbach's Alpha scores. The test results of the instrument showed that
the HOTS of mathematics for Grade X students was good. This step provides an overview to teachers
in designing valid and relevant instruments.
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INTRODUCTION

Education worldwide has increasingly emphasized the cultivation of higher-order thinking
skills (HOTS) among students (Priyanto & Dharin, 2021; Korkmaz et al., 2020), which will
prepare them for the challenges of the fourth industrial revolution, or the digital era (Lyons &
Bandura, 2020; Miri, 2007; Moussa et al., 2020). The advent of the fourth industrial revolution,
often referred to as the digital era, has ushered in unprecedented technological advancements
and transformative changes across various sectors.

HOTS are essential in Salihu et al. (2018) and Wang & Wang, (2011) of both teaching and
learning (Hopson et al., 2001; Tanujaya et al., 2017). HOTS are significant components of both
teaching (Salihu et al., 2018; Wang & Wang, 2011) and learning (Hopson et al., 2001; Tanujaya
et al., 2017). In this period of change, the world has recognized that students must be able to
develop higher-order thinking and make the right choices. HOTS encompass cognitive abilities
beyond memory, requiring exceptional problem-solving skills to tackle novel challenges and
ambiguities.

The educational system in Indonesia is highly centralized with a well-defined hierarchy of
educational decision (Balzano, 1991). The implementation of HOTS-based curricula (Setiawan
et al., 2021) as described in the "standard content" for mathematics education, is one of the
government's initiatives (Ozmantar, 2017; Tanudjaya & Doorman, 2020). According to KTSP
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and the current curriculum (2013), learning mathematics in Indonesia aims to foster students'
HOTS, include teamwork, communication, critical thinking, and creativity. Thus, the Indonesian
government has been working to create HOTS for math students. The HOTS-based
assessment tool has now been integrated into the National Examination Assessment (UN)
(Ichsan et al.,, 2020). The incorporation of HOTS-based assessment into the National
Examination (UN) is fundamentally transforming students' educational trajectories and exerting
a profound impact on their academic accomplishments. This integration is fostering the
development of critical thinking, problem-solving prowess, and comprehensive cognitive
capacities among students. Moreover, it is imperative to delve into the specific mechanisms
through which this integration augments these skills. The Indonesian educational landscape
presents a variety of needs and challenges that require careful consideration and innovative
solutions.

The Programme for International Student Assessment (PISA) is an international assessment
conducted by the Organization for Economic Co-operation and Development (OECD) that
assesses the skills and knowledge of 15-year-old students in various countries. PISA aims to
assess how well students can apply what they have learned in real-life situations, not just
memorize tests. The measures students' critical thinking skills and problem-solving ability in
science and mathematics at the age of fifteen and measures higher-order thinking skills (OECD,
2016). PISA is designs a mathematics literacy test for 15-year-old learners (Tasman, 2020).
OECD also emphasizes the significance of students acquiring information literacy skills as part
of their education (Kania & Juandi, 2023; Wijaya, 2016) These skills are part of higher-order
thinking (HOT) skills (Tanujaya et al., 2017). According to the findings of various foreign polls,
Indonesian pupils struggle to solve problems, particularly in mathematics. This difficulty could
mainly be attributed to the lack of students practicing questions with the HOTs type.

The shortage of practice Higher Order Thinking Skills (HOTs) type questions among
Indonesian students is a concerning issue that can have significant implications for their
educational development. Thus, this research can contribute to developing questions to
improve students' HOTS in the algebraic discussion so that these results can provide an
overview of the stages of developing a HOTS measuring instrument. In addition, the more
HOTS questions created will provide a reference for students to practice HOTS type questions.
In terms of its operational goals, this study sought to: (1) develop HOTS indicators for senior
high school mathematics; (2) verify the validity of the HOTS instrument; and (3) ascertain the
reliability of the HOTS instrument.

The research focuses on validating algebra essay questions as a reliable tool for assessing
students' higher-order thinking skills. Based on some of the models above, this study
formulated aspects of critical thinking skills While higher-order thinking skills are widely
recognized as important in education, there is a paucity of research that systematically
validates the effectiveness of algebraic essay questions in assessing these skills. Previous
studies may have touched on the concept, but comprehensive instrument validation is lacking.

METHOD

The research and development (R&D) approach is a systematic and iterative process that
involves investigating, designing, and creating innovative solutions to address specific
challenges or to enhance existing methodologies, products, or systems. The selection of the
R&D approach was driven by its capacity to provide a structured framework for not only
exploring novel avenues but also for refining and optimizing existing strategies. This method
was chosen due to its inherent flexibility and adaptability, allowing for continuous refinement
and adjustment based on emerging insights. Its alignment with the study's goals is rooted in
the pursuit of generating practical, impactful, and sustainable outcomes that directly cater to
the identified research objectives.

This research yielded a product in the form of an instrument that teachers can use as an
example or reference to measure students' HOTS in mathematics. The research framework
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utilized in this study is a derivative of the development model proposed by Mardapi (2008).
This model encompasses a series of sequential steps, including: (1) gathering test specifications,
(2) formulating test inquiries, (3) investigating test queries, (4) conducting preliminary test runs,
(5) scrutinizing the items, (6) refining the test based on findings, (7) constructing the final test
format, (8) conducting the test administration, and (9) interpreting the resultant test outcomes.
In this study, however, the researcher restricted the development model to assembling the
test, to apply the test, further research is needed in other words, the researcher did not conduct
the test interpret the results because the last two steps might be carried out by teachers who
are also employed in teaching in schools. This instrument was tested on 32 students at SMA 2
Majalengka, Majalengka Regency, 12 male and 20 female students. This instrument was tested
on 32 grade Xl high school students in Majalengka Regency, Indonesia. The total population
who took part in the study was determined through the use of a method called purposeful
sampling, the researcher opted to select an existing class for the study.

This research used of the following approaches to data analysis: content validity, construct
validity, reliability, level of difficulty, and discrimination, and students' mathematical HOTS
abilities. The content validity technique involved asking four experts in mathematics education,
as validators, to test the accuracy and provide an assessment the suitability of the items and
their indicators, and the editor of the composition of the questions.

Following the expert's assessment, the researcher calculated the outcomes of the

assessment using a validity index, incorporating the Aiken index in Formula (1).

__Xs —
V—N(C_l),s—r L s (1)

(Aiken, 1980)

In this context, the provided information pertains to the variables involved in the evaluation
process. The possible range of numbers, denoted as V, represents the spectrum within which
assessments or ratings can fall. The variable "r" corresponds to the appraiser's rating, indicating
the evaluation given by the individual responsible for assessing a particular subject. On the
other hand, "I" signifies the lowest category rater rating, signifying the assessment from the
least favorable rater or evaluator. Conversely, "c" denotes the highest category rating, which
reflects the evaluation from the most favorable rater. The variable "N" stands for the total
number of raters or respondents participating in the evaluation process. These variables
collectively contribute to the comprehensive understanding of the appraisal and rating
procedures being employed.

The range of numbers is O to 1. While the validity of an item is higher, the number V will be
closer to or equal to 1, and when the validity of an item is lower, the number V will be closer
to or equal to 0. Similarly, the range of products available on the market has shrunk (Aiken,
1980). If the index is less than or equal to 0.4, then it is considered to have a moderate level of
validity; if it is between 0.4 and 0.8, then it is considered to have a high level of validity; and if
it is more significant than 0.8, then it is considered to have high level of validity (Retnawati,
2014).

In addition, exploratory component analysis was applied to demonstrate the construct's
validity. The percentage of variance seen from the Kaiser Meyer Olkin (KMO) result indicates
exploratory factor analysis (Tastan & Yilmaz, 2008). The IBM SPSS 20 Software was used to
calculate the KMO value, and the sample used enables for additional investigation (Santoso,
2006).

During this time, an internal consistency method, the Cronbach-alpha formula, and IBM
SPSS Software 20 were used to estimate of the instrument's reliability. Cronbach's Alpha
values between 0.60 and less than 1 show that the instrument has satisfied the dependable
criterion; on the other hand, if the Cronbach's Alpha value is less than 0.50, it indicates that
the instrument is not reliable (Basuki & Hariyanto, 2014; Surapranata, 2009). Meanwhile,
according to Brookhart and Nitko (2011) the differentiating power of description questions is
calculated using the Formula (2).
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top group mean—bottom group mean

dlstmgulshmg power = maximum score of the question

After the calculation, the items are sorted into three categories: acceptable, revised, and
rejected. It depends on the coefficient of difference. If there are questions that are rejected,
they can be discarded or replaced with new items. Category for differential power coefficient
is DB > 0,3 (received), 0,10 < DB < 0,30 (revised), and DB < 0,10 (rejected) (Surapranata, 2009).

After the instrument met the criteria set out above, data analysis was carried out to
determine the students’ HOTS. The criteria used are if the results of the assessment show the
student's mathematics HOTS score is more than or equal to 65 (on a scale of 0-100), then the
student's mathematics HOTS has met the excellent criteria.

RESULTS AND DISCUSSION

The examination of the instrument, which was carried out by four highly qualified individuals
in the field of mathematics, produced evidence demonstrating that the contents of the
instrument are accurate. The four people are math lecturers with algebra skills, math education
instrument experts, school mathematicians, and a teacher with experience in schools. The
study results showed that the initial instrument made by the researcher could have been better.
Therefore, the researcher improved/revised as much as possible according to the suggestions
written by the validator on the instrument sheets. Following the conclusion of the
maintenance, the instrument was returned to the validator so that it could be evaluated for
each component. In order to evaluate whether or not each item on the test was valid, the
outcomes of the assessment were analyzed using the Aiken formula, as presented in Table 1.

Table 1. Value V Aiken

No Question Value V Aiken Percentage (%)
1 0,56 16,67
2 0,44 10,00
3 0,28 3,33
4 0,50 5,00
5 0,17 10,00
6 0,56 16,67
7 0,22 3,33
8 0,67 11,67
9 0,28 5,00

10 0,61 18,33

Out of the initial set of 10 questions, a total of 4 questions were identified to have issues
concerning their validity. Following consultations with high school teachers and considering
time constraints, these 4 questions were subsequently removed from the instrument. As a
result, the final assessment now comprises 6 items, carefully selected based on their medium
and high levels of validity. With this revised instrument, the evaluation process can be
efficiently conducted within a 90-minute timeframe, ensuring a more focused and reliable
approach to gauging the desired outcomes.

After finishing the test questions in the field, the researcher carried out the tasks involved
in scoring the test. Exploratory factor analysis was used to show that this is true about the
construct. Table 2 presents the findings obtained from conducting the exploratory factor
analysis. Examined the following results of the factor analysis.

Table 2. Explainable Variance

Explainable Variance Category
51,2% Accepted
5,7% Revised
43,1% Rejected
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According to the findings presented in Table 2, it is evident that over 50% of the variance
can be explained. This substantial percentage indicates that the chosen variables and samples
have contributed significantly to the analysis. The high level of explained variance provides
researchers with a strong foundation to delve deeper into the data and conduct further
analyses confidently. The ample variance allows for a comprehensive exploration of the
relationships and patterns within the dataset, leading to more meaningful insights and a more
comprehensive understanding of the phenomenon under study. With such promising results,
researchers can proceed with additional investigations and confidently draw robust
conclusions, thereby advancing knowledge and contributing to the field.

The assessment of the newly developed HOTS instrument demonstrated favorable
outcomes. The reliability estimation of the instrument revealed a Cronbach's Alpha coefficient
of 0.89239, indicating a high level of internal consistency and reliability within the test package.
This robust coefficient underscores the dependability of the item package, suggesting that the
HOTS instrument can be confidently utilized to measure and evaluate higher-order thinking
skills effectively. Researchers and educators can place trust in the instrument's ability to
provide consistent and accurate results, allowing for more reliable assessments of students'
higher-order cognitive abilities. This finding adds credibility to the validity of the instrument,
paving the way for its potential widespread application in educational settings to promote and
enhance critical thinking and problem-solving skills.

The next thing that needs to be done in the activity that involves analysis is to figure out
how challenging each question in the set is to find out the difficulty index, which is calculated
using Formula (3).

Difficulty Index = %

Where, Mg(;)= the amount score of higher groups; My, ;)= the amount score of lower group;
N= the respondents; and m = maximum score of each question. According to the following
classification: very easy (.81 to 1.00), easy (.61 t0.80), medium (.41 to.60), difficult (.21 to.40),
and extremely difficult (.00 to.20) (Desstya et al., 2019). It is to see that the instrumentation of
the device has varying degrees of difficulty; therefore, it can be said that the questions were
heterogeneous. The results of the difficulty index can be seen in Table 3.

Table 3. Difficulty Index

Question Number Difficulty Index
0.52
0.51
0.45
0.61
0.29
0.27

NN |IWIN|-

The analysis of Table 3 reveals that a majority of the questions were strategically designed
to cover a range of difficulty levels, with a distribution spanning from medium to challenging.
This careful arrangement of question difficulty levels was determined through a
comprehensive study of the elements present in each question. By incorporating a mix of
moderate to more complex questions, the assessment aims to effectively gauge students'
proficiency across various skill levels. Such a diversified approach ensures that the evaluation
process provides a comprehensive and accurate measure of students' abilities, capturing both
their strengths and areas that require further development. This balanced difficulty distribution
enhances the overall validity and reliability of the assessment, enabling educators and
researchers to make more informed decisions and gain deeper insights into students'
performance and progress.

The next thing that needs to be done in the analysis is to determine the distinguishing power
of each item in each set of questions. The data analysis findings in Table 4 demonstrate that
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not all of the items had excellent discriminating power; some items that need to be amended,
improved, or replaced, and need to be removed entirely.

Table 4. Power of Difference

Question Number Difficulty Index
0.57
0.49
0.57
0.44
0.48
0.23

N[O\ D |WIN|-

The insights gleaned from Table 4 indicate that the items included in the question package
demonstrate strong discriminating power. Notably, all the items were found to be reliable, and
none were discarded during the analysis. This favorable outcome underscores the
effectiveness of the selected items in effectively differentiating between high and low
performers. The absence of item rejections further reinforces the instrument's integrity and
accuracy in assessing students' abilities and aptitudes. As a result, educators and researchers
can place confidence in the reliability of the question package, ensuring that it can yield precise
and meaningful results. The robust discriminating power of the items enables educators to
obtain a more comprehensive and accurate representation of students' performance levels,
facilitating targeted interventions and informed decision-making to support students' academic
growth and achievement.

Measuring Higher-Order Thinking Skills

The study of mathematics is one of the most important disciplines that require more focus
and effort in Indonesia. It is cause students in Indonesia need a fundamental understanding of
mathematics to have a successful learning experience that will allow them to pursue further
education. Students' abilities in critical, logical, and systematic thinking must be developed, and
mathematics is one of the tools in scientific thinking required for this development. It is
expected of students that they would be able to analyze a problem, come to appropriate
conclusions, and think systematically.

Students at all educational levels and in all types of classes, one of which is mathematics
class, have a significant demand for the cognitive ability known as HOTS (Hadi et al., 2018).
HOT entails problem-solving, critical, and creative thinking, reasoning, and decision-making.
These are a few fundamental skills that today's students are expected to acquire. Thus, it is
essential to teach students how to solve HOT situations and refresh their problem-solving
thought processes is essential. According to Brookhart (2010) higher-order thinking has been
classified into three different contexts of understanding. These contexts include: (1) higher-
order thinking as a transfer (students can apply their knowledge and skills which they can
further develop in a new context); (2) higher-order thinking as critical thinking (expressing self-
reasoning, responding, and decision making without the teacher's intervention); and (3) higher-
order thinking as a problem solving (serving students' ability to identify and solve their
problems in work and daily).

The determination of dimensions and indicators is based on operational definitions. The
operational definition of HOTS is narrowed down to critical thinking skills. The dimension of
critical thinking skills is anything that can make someone think critically, namely using concepts,
principles, impact prediction, problem-solving, and decision making (Kania et al., 2022).
Therefore, after the researcher has analyzed the different aspects of critical thinking, the
indicators of critical thinking are the following: having basic skills, providing explanations,
coming to the necessary conclusions, questioning concepts, analyzing concepts, synthesizing
relationships between concepts, determining assumption results, using excellent and balanced
concepts, locating the source of the problem, making an educated guess as to the cause of the
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problem, gathering information to solve the problem, looking for patterns in the data, and
looking at alternatives. The dimension of creative thinking ability is everything that can make
people think creatively. After analysis by the researcher, the dimensions of creative thinking
are working within the limits of competence, trying new things, divergent (spreading) mindsets
and imaginative mindsets. Available thinking, not being rigid, developing concepts, modifying
concepts, the approach based on trial and error, having original ideas, and having new ideas are
all indicators of creative thinking. Rejecting standard techniques, optimizing knowledge, high
motivation and content, broad interest, future orientation/optimism, liking challenges/new
ideas, and having original ideas are also creative thinking indicators.

In general, the creation of this testing instrument is credible, applicable, and quite doable,
and it possesses the potential to have consequences that can be implemented on an ongoing
basis. Can be seen from the analysis shown above, most students can improve their numeracy
skills by working through the problems provided. It is possible to conclude, after examining the
students' responses to the questions presented to them, that the testing instrument can impact
the student’s ability to solve mathematical problems. However, the learning centered on the
student and of making students active participants in their own education is necessary to
develop student’s knowledge of concepts and numeracy abilities (Nurjanah et al., 2020;
Sa'dijah, 2016) This experience informs the design of new approaches to numeracy teaching
and assessment (Pettigrew et al., 2020). Although according to Geiger (2018), the subject of
research on numeracy encompasses an extensive range of subfields, each of which contains a
plethora of significant questions that need to be answered. Instrument development,
particularly as it relates to HOTS in mathematics, can be utilized as recommendations and
guidelines for the building of learning environments in the classroom.

Higher-order thinking skill

Krulik & Rudnick (1999) describe that HOTS requires understanding, concluding, relating
facts and other concepts, in new ways, and applying them find new solutions to problems.
Thomas & Thorne (2009) described hots is thinking at a higher level that just remembering
facts or retelling something (Crumpler, 2014). HOTS go beyond simple recall and reproduction
of information. The preceding opinion leads one to conclude that HOTS is a complicated
thinking process involving the most fundamental mental functions. This conclusion may be
reached since HOTS is used to describe the material, draw conclusions, construct
representations, and analyze.

Murray (2013) states that skills that fall under the category of higher-order thinking include
critical thinking, the ability to solve problems, creative thinking, and decision making. Besides,
Conklin (2012) and Heong (2016) states that higher-order thinking skills include critical thinking
and creative thinking. In the revision of Bloom's taxonomy, the cognitive processes that occur
when students are active are analyzing, evaluating, and creating (Conklin, 2012). Students'
ability to engage in higher-order thinking may improve if they engage in this cognitive process.
Higher-order thinking skills, such as critical, logical, reflective, metacognitive, and creative
thinking, are all defined there (King et al., 2013). The abilities are active when faced with
unfamiliar problems, uncertainties, questions and choices. Higher-order thinking skills are not
only applied at school, but also applied in real life (Williams, 2015).

CONCLUSION

The instrument meets the requirements of validity, effectiveness, and practicality. After
using it, there is a sharp increase in higher-order thinking skills in critical thinking. The validated
and effective nature of the instrument, along with its practicality, establishes a strong
foundation for enhancing critical thinking skills, particularly in higher-order thinking. The
recommendation to employ similar step-by-step developmental instruments, especially within
the context of mathematics learning strategy classes, carries the potential to empower
educators in their pursuit of constructing effective assessment tools. By implementing these
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developmental steps, educators may gain valuable insights into instrument design, fostering
the creation of robust evaluation methods. Furthermore, the authors' belief in the potential
contribution of this research to the realm of measuring students' higher-order thinking skills
(HOTS) suggests a positive trajectory for future instrument development. As the findings pave
the way for improved assessment techniques, the study's implications ripple beyond the
immediate context. The exploration of new avenues for research, prompted by this study's
outcomes, adds to the growing body of knowledge in the field. Ultimately, this comprehensive
exploration of instrument validity and its tangible impact on critical thinking skills lays the
groundwork for enhanced educational practices and continued advancements in measurement
methodologies.
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