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Abstract: Higher-order thinking skills (HOTS) are essential for meeting the challenges of the 21st century. 
Therefore, these skills must be possessed by every individual engaged in the learning process. Students, as 
learners, need frequent practice to develop these skills. To facilitate this, prospective teachers should be capable 
of designing assessment instruments that foster higher-order thinking. However, in practice, teachers often 
struggle to create such instruments effectively, as it is a complex task. This study was initiated to address that 
challenge. It employed a research and development (R&D) approach using the 4D model: define, design, 
develop, and disseminate. The research subjects were 15 prospective mathematics teachers who developed 
HOTS-based test items, which were then tested on 79 seventh-grade students at Darul Akhwan International 
Junior High School. The developed items were evaluated for their validity and practicality through construct 
and empirical validity tests. The practicality was further assessed using reliability tests, item difficulty levels, 
and discrimination indices. The results showed that the instrument achieved 100% validity based on expert 
judgment. The reliability test yielded an rcount=0.659r_{count} = 0.659rcount=0.659, which exceeds the 
rtable=0.2213r_{table} = 0.2213rtable=0.2213; thus, the instrument is considered reliable. The discrimination 
index analysis revealed that 60% of the items were in the “fair” category, while the remaining 40% were 
categorized as “good.” Meanwhile, the difficulty level analysis showed that 15% of the items were “very 
difficult,” 65% were “difficult,” and 20% were “easy.” These results indicate that the instrument has an 
appropriate level of difficulty. In conclusion, the assessment instrument developed in this study is both valid 
and practical for evaluating students’ higher-order thinking skills. 
 
Keywords: HOTS, evaluation, mathematics 
 
INTRODUCTION 

Problem-solving ability is one of the essential steps for students to successfully solve 
mathematical problems. In the 21st century, this ability has become a tool for selecting 
individuals to be admitted into certain institutions or organizations. Such ability relies 
heavily on a student's level of intellectual intelligence or IQ. This level can be measured 
through the student's performance in solving Higher-Order Thinking Skills (HOTS)-based 
questions. 

In the 21st century, the ability to solve HOTS-based problems has become a key 
indicator in assessing the quality of human resources. According to a survey conducted by 
the OECD, Indonesian students' ability to solve PISA-related problems remains low. In 
2015, Indonesia ranked 64th out of 72 participating countries. The average score in 
mathematics was 386, which marked an increase of only 11 points from the 2012 
assessment. (Guria, 2015, p. 5) . The curriculum revision was carried out in 2016 (Regulation 
of the Minister of Education and Culture of the Republic of Indonesia Number 24 Core 
Competencies and Basic Competencies of Subjects in the 2013 Curriculum, 2016) and the 
2018 PISA survey did not show a positive impact from the reforms. In that year, Indonesia 
was ranked 74th out of 79 countries with an average mathematics score of 379. (Summaries, 
2019, p. 17) That matter show that ability student in finish question HOTS -based also still 
low. 

This issue is influenced by two factors: internal and external. Internally, students' 
abilities play a key role in determining the extent to which they are capable of solving 
problems. However, external factors also contribute to students' problem-solving abilities, 
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such as the availability of learning facilities, the learning environment, parental motivation, 
and teacher quality ( Safiany & Maryatmi, 2018, p. 89).  

Teachers are mediators for the students (Gunawan et al., 2023, p. 788) . Students' 
ability to solve HOTS questions is closely related to how well a teacher masters the process 
of solving such questions. A deep understanding of mathematical concepts and strong 
problem-solving strategies are essential before attempting to answer HOTS-based 
questions. Strong mathematical reasoning skills also significantly influence teachers, 
including Madrasah Tsanawiyah teachers, when designing steps to solve HOTS problems. 

Teachers in the Madrasah Tsanawiyah setting are expected to be able to solve HOTS 
questions effectively. In this educational context, the ability to solve HOTS problems serves 
as an important indicator of a teacher’s capacity to explain mathematical concepts in an 
integrative manner. The Madrasah Tsanawiyah environment is seen as a crucial moment 
for instilling fundamental mathematical concepts in an inclusive way. Therefore, students' 
understanding in Madrasah Tsanawiyah needs to be structured systematically so that 
mathematical concepts can be fully and coherently understood. 

In order to measure the extent to which mathematical concepts have been acquired, 
an assessment tool commonly referred to as a mathematics test instrument is needed. While 
many instruments have been developed and studied with a focus on students, it is equally 
important to equip teachers with the skills to construct HOTS-based questions. This will 
enable them to better prepare students to face future challenges. 

Teachers' ability to construct HOTS (Higher-Order Thinking Skills) questions is 
crucial in the evaluation process. Through evaluation, the effectiveness and success of the 
learning activities can be assessed. Moreover, evaluation serves as a tool to measure the 
success of previously planned programs. Therefore, to determine the achievement of 
learning objectives, a well-developed assessment instrument is essential. (Devi, 2011) Based 
on the results of observations conducted on 150 prospective mathematics teachers, only 
50% were able to successfully construct HOTS questions appropriately. This means that the 
questions they developed met the criteria for levels C4, C5, and C6 of Bloom’s Taxonomy. 
Meanwhile, the remaining 50% were still focused on lower-order thinking levels—C1, C2, 
and C3. This indicates that the ability of prospective Madrasah mathematics teachers at UIN 
SATU Tulungagung to construct HOTS-based questions still needs improvement. 
Therefore, as an effort to evaluate and enhance the abilities of future junior high school 
teachers, it is necessary to develop a HOTS-based assessment instrument designed by the 
prospective Madrasah Tsanawiyah teachers themselves, with the goal of producing 
instruments that are valid, practical, and effective. 
 
METHOD 

This study employs a research and development approach using the 4D model: 
define, design, develop, and disseminate. The subjects of the study were 15 prospective 
mathematics teacher students who developed HOTS-based questions, which were then 
tested on 79 seventh-grade students at Darul Akhwan International Junior High School. 
The HOTS questions developed were assessed for validity and practicality through both 
construct and empirical validity tests. To evaluate practicality, the instruments underwent 
reliability testing, item difficulty analysis, and discrimination index testing. 

 
RESULTS AND DISCUSSION 

The construct validity data of the developed HOTS questions indicates that the 
instrument is considered fairly valid based on expert judgment, with an average score of 
2.7. However, experts recommended that 10 questions be eliminated, as they do not meet 
the criteria for HOTS-level questions. 
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The construct validity data of the developed HOTS questions indicates that the instrument 
is considered fairly valid based on expert judgment, with an average score of 2.7. However, 
experts recommended that 10 questions be eliminated, as they do not meet the criteria for 
HOTS-level questions. 

Based on results, researchers get conclusion that question including in 100% valid 
category due to 𝑟!"#$%&is greater than 𝑟#'()*. This is in accordance with Holil et al. who stated 
that if 𝑟!"#$%&has a positive value and 𝑟!"#$%& > 𝑟#'()*with 𝛼 = 	0,05, then the item is 
declared valid (Akbaryanto et al., 2023, p. 6568) . Statement Lismawari also expressed the 
same thing et al. who stated that If 𝑟!"#$%& > 𝑟#'()*then it can be concluded that the question 
can be declared valid (Sudiah et al., 2022, p. 4908) . In line with statement, Ni Nyoman stated 
that grains question is said to be valid if 𝑟!"#$%& > 𝑟#'()* (Suariantini et al., 2023, p. 7).  
a. Reliability Test 

The results of the reliability test, based on a trial involving all 79 seventh-grade 
students of Darul Akhwan International Junior High School, showed a Cronbach's Alpha 
value of 0.659. This indicates that the instrument is reliable and does not require revision. 
The following is a screenshot of the reliability test results along with the summary. 
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Based on criteria reliability, if 𝑟!"#$%& ≥ 𝑟#'()*, then the item question is reliable and if  
𝑟!"#$%& < 𝑟#'()*, so grains question it is not reliable. With 𝛼 = 5%and 𝑛 = 79, obtained 
𝑟#'()* = 0,2213. Because the table above shows the value 𝑟!"#$%& ≥ 𝑟#'()*, the items tested 
are included in the reliable category. 

This reliability is in accordance with what was conveyed by Nining et al. who stated 
that question is reliable (consistent) if 𝑟!"#$%& ≥ 𝑟#'()* (NP Dewi et al., 2020, p. 145). In the 
study conducted by Aloisius, the Cronbach's Alpha test result was 0.699, indicating that the 
items fall into the category of questions with moderate reliability. (Son, 2019, p. 45) . In 
contrary Aloisius, Sabina Ndiung and Mariana Jediut state that If The Cronbach Alpha test 
value of 0.699 indicates that question the including in category grains questions that have 
reliability at the level tall (Ndiung & Jediut, 2020, p. 103) . However, if a common thread is 
drawn from the three opinions mentioned, it can be concluded that the items developed are 
reliable (consistent) test items. 
b. Differential Test 

The following is a classification of the discriminatory power test for HOTS questions 
that has been compiled. 

 
Table 1. Classification of differential power question 

0,00 ≤ 𝐷𝐵 < 0,20 Bad 
0,20 ≤ 𝐷𝐵 < 0,40 Enough 
0,40 ≤ 𝑇𝐾 < 0,70 Good 
0,70 ≤ 𝑇𝐾 < 1,00 Very well 

 
Furthermore For power test results different in HOTS questions can see as:  

 
Table 2. Results of differential power test 

Question 
Items 

Pearson Correlation Sig. (2-Tailed) Information 

1 .243 .031 Enough 
2 .352 .001 Enough 
3 .301 .007 Enough 
4 .387 .000 Enough 
5 .446 .000 Good 
6 .416 .000 Good 
7 .336 .002 Enough 
8 .411 .000 Good 
9 .395 .000 Enough 
10 .310 .005 Enough 
11 .309 .006 Enough 
12 .251 .025 Enough 
13 .409 .000 Good 
14 .313 .005 Enough 
15 .416 .000 Good 
16 .329 .003 Enough 
17 .542 .000 Good 
18 .307 .006 Enough 
19 .403 .000 Good 
20 .527 .000 Good 
 

Based on the results of the discrimination index test, 60% of the data indicate that 
the distributed instrument is fairly good, while the remaining 40% show that the tested 
instrument falls into the good category.  
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This finding is in line with the study conducted by Rahmawati et al., which defines 
four ranges of discrimination power. Two of these ranges are: 0.20 ≤ DI < 0.40, which falls 
into the category of sufficient discrimination power, and 0.30 ≤ DI < 0.70, which is 
categorized as having good discrimination power. (Rahmawati et al., 2022, p. 865). Based 
on the data obtained, it can be concluded that the discrimination power of the questions is 
fairly good. 
c. Difficulty Level 

Level of difficulty can classified as Table 4.9 as follows. 
 
Table 3. Classification of difficulty levels 

Mean Information 
0,00 ≤ 𝑇𝐾 < 0,20 Show grains the test is very difficult 
0,20 ≤ 𝑇𝐾 < 0,40 Show grains test difficult 
0,040 ≤ 𝑇𝐾 < 0,60 Show grains test currently 
0,60 ≤ 𝑇𝐾 < 0,80 Show grains test easy 
0,80 ≤ 𝑇𝐾 < 1,00 Show grains the test is very easy 

 
Furthermore, the results of the difficulty level test for the HOTS questions can be seen 

in Table 4 below. 
 
Table 4. Results of HOTS question difficulty level 

Question Items Mean 
Question 1 .49 
Question 2 .37 
Question 3 .57 
Question 4 .27 
Question 5 .18 
Question 6 .24 
Question 7 .30 
Question 8 .30 
Question 9 .32 
Question 10 .35 
Question 11 .22 
Question 12 .10 
Question 13 .23 
Question 14 .37 
Question 15 .44 
Question 16 .51 
Question 17 .13 
Question 18 .38 
Question 19 .30 
Question 20 .35 

 
Based on the data obtained, 15% of the questions fall into the very difficult category, 

65% into the difficult category, and 20% into the easy category. These findings indicate that 
the instrument possesses a good level of difficulty, as it includes a range of question 
complexities that can effectively differentiate students' abilities. This is in accordance with 
the research conducted by Rahmawati et al., which outlines six difficulty level ranges. 
Among them are: 0.00 ≤ DL < 0.20, which classifies items as very difficult; 0.20 ≤ DL < 0.40, 
which indicates difficult items; and 0.60 ≤ DL < 0.80, which falls under the easy category. 
These ranges provide a clear framework for interpreting the appropriateness of item 
difficulty within an assessment instrument. (Rahmawati et al., 2022, p. 865).  

Since 13 of the questions fall into the difficult category, it can be concluded that the 
overall set of questions possesses a moderate level of difficulty. This indicates that the 
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questions are neither too difficult nor too easy, making them appropriate for assessing 
students' higher-order thinking skills in a balanced manner. 

 
CONCLUSION 

Based on the results of this research and development, it can be concluded that the 
developed instrument is considered fairly valid, as indicated by the construct validity test 
conducted by experts with an average score of 2.7. The empirical validity test of the items 
showed that the correlation coefficient 𝑟+(-./) was greater than or equal to the critical value 
𝑟#'()*, meaning that 100% of the tested items were valid and required no revision. The 
reliability test results showed a Cronbach's Alpha of 0.659, which also indicates that the 
instrument is reliable and does not require any revision. The discrimination index test 
results revealed that 60% of the items were categorized as fairly good, while the remaining 
40% were in the good category. Furthermore, the difficulty level test indicated that 15% of 
the questions were very difficult, 65% were difficult, and 20% were easy, which suggests 
that the questions are not too difficult nor too easy. Therefore, the instrument's level of 
difficulty can be classified as appropriate. Based on these findings, the developed 
instrument can be concluded to be practical for use in assessing higher-order thinking skills. 
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