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Abstract. This study aims to analyze the content validity of a HOTS-based 
mathematics test designed for seventh-grade students at junior high school. The test 
instrument was developed based on the Core Competencies and Basic Competencies, 
and aligned with Higher-Order Thinking Skills (HOTS) indicators derived from 
Bloom's taxonomy, specifically targeting the levels of analyzing (C4), evaluating 
(C5), and creating (C6). Five descriptive test items were constructed to reflect these 
cognitive levels. The research employed a descriptive analysis method, using Aiken’s 
V formula to assess content validity. Validation data were obtained from six experts 
in the fields of mathematics education, educational assessment, and junior high school 
mathematics teaching. The results showed that all five items were “valid,” with four 
items scoring an Aiken’s V index of 1.00 and one item scoring 0.96. These findings 
indicate that the developed test items have strong content validity and are suitable for 
assessing the HOTS abilities of seventh-grade students. This instrument can be 
utilized as a reliable tool in formative or summative assessments to support the 
development of students' higher-order thinking in mathematics. 
Keywords: Instrument, HOTS, Mathematics, Content Validity  

1. INTRODUCTION 

The 21st century requires an education that creates a creative, innovative and 
competitive generation [1], [2]. The learning process must develop students' ability to find 
solutions to problems in global life maturely through a set of skills called Higher-Order 
Thinking Skills (HOTS) which include critical thinking, problem solving, metacognition, 
communication, collaboration, information literacy, and creative innovation [3], [4]. The 
term 21st century skills, which includes a set of knowledge, skills, behaviors and characters, 
is very important for learners to master in order to survive in a rapidly changing world [5], 
[6]. With HOTS, students will be able to distinguish various ideas clearly, can design 
hypotheses, argue well, can construct explanations, understand complex things more clearly, 
and be able to solve problems. [7], [8]. This is expected to have an impact on learners who 
are able to live an ideal life through academic life and a brilliant career in the future. 

Teachers have an important role to play in helping learners develop HOTS skills [9], 
[10] through various methods or strategies [11], [12], [13]. To support this, the learning 
process requires a test instrument as a measuring tool for the level of students' HOTS abilities 
[14], [15]. The Ministry of Education and Culture of the Republic of Indonesia also 
emphasizes the importance of HOTS integration in the assessment process [16]. For 
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example, in mathematics learning, teachers need to develop tests that refer to non-routine 
problems as an effective step in stimulating students' HOTS skills [17], [18]. 

There are several HOTS concepts that are well known in education. HOTS in 
Bloom's taxonomy which was later refined by Anderson and Krathwohl, includes the 
competencies of analyzing (C4), evaluating (C5), and creating (C6) [19]. Meanwhile, 
Marzano divides higher-order thinking skills into 13 categories, including comparing, 
classifying, inducing, inferring, and problem-solving [20]. In this study, the HOTS 
instrument developed refers to Bloom’s taxonomy, focusing on analyzing, evaluating, and 
creating competencies to match curriculum demands and measurable cognitive levels. 

The use of HOTS instruments in mathematics assessment trains students to solve 
problems not through memorization, but through analysis, synthesis, and creativity—skills 
that are crucial in the 21st century [21]. Getting learners accustomed to HOTS-based 
assessments will help them tackle novel problems, adapt to new environments, and make 
decisions in unfamiliar situations [22], [23], [24]. 

However, in practice, the availability of mathematics HOTS test instruments that 
meet strong validation standards, particularly content validity, remains limited. The 
preparation of mathematics HOTS instruments must fulfill the element of validity to be 
usable. Validity refers to the degree of accuracy supported by empirical facts and theoretical 
reasoning [25], [26], [27]. An instrument is said to have high validity if it performs its 
measurement function according to its intended purpose [28], [29]. 

Types of validity can be broadly classified into content validity, construct validity, 
and criterion-related validity [30], [31]. Among these, content validity is fundamental, 
especially in the initial stages of instrument development [32]. It refers to the alignment 
between test content and the construct being measured, typically judged by experts [33], 
[34], [35] . Since it is judgmental, experts may differ in their evaluations, but their level of 
agreement can be quantified [36]. 

Content validity can be achieved when the instrument items align with curriculum 
content, representing a sample of the learning outcomes intended by the curriculum 
objectives [37], [38]. Instrument items should effectively measure the specific skills and 
knowledge outlined, just as appropriate tools are needed to measure specific characteristics 
[39]. This relevance ensures that the instrument accurately represents the intended learning 
targets[40]. Thus, to ensure the credibility and relevance of HOTS assessment in 
mathematics, a rigorous analysis of content validity is essential. This study aims to fill this 
gap by empirically analyzing the content validity of HOTS-based mathematics test items for 
junior high school students, using expert judgment quantified through Aiken's V. The 
findings are expected to support the development of high-quality assessment tools that align 
with both curriculum goals and 21st-century learning demands. 
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2. RESEARCH METHOD 

The research employed a descriptive method. The object of the study was a 
mathematics test instrument based on Higher-Order Thinking Skills (HOTS) designed for 
seventh-grade junior high school students. The subjects involved in the content validity 
assessment consisted of six experts from various fields, including specialists in mathematics 
assessment and measurement, mathematics education lecturers, and junior high school 
mathematics teachers who teach seventh grade. These experts were asked to evaluate each 
test item in terms of content, test construction, and language. Data were collected using 
questionnaires that allowed for quantification, as well as qualitative instrument review 
sheets. 

The content validity of the HOTS-based mathematics test instrument for seventh-
grade junior high school students was determined using Aiken’s V coefficient. Aiken’s V is 
a content validity index formulated to quantify the degree of agreement among a panel of n 
experts regarding how well each item represents the construct being measured. The Aiken’s 
V statistic is calculated using the following formula: 

𝑉 = #$
%('())

     (1) 

Keterangan: 

V  : Koefisien V Aiken’s 
S   : r – lo 

r    : Figures given by an expert 
c   : The highest number (in this case = 5) 

lo   : The lowest number (in this case = 1) 

The results of the calculation and analysis using Aiken’s V formula were interpreted 
based on the categorization of content validity. The categorization refers to the criteria for 
the content validity index proposed by [41], as presented in Table 1 below. 

Table 1. Content Validity Criteria Index 
No. Criteria Indexs Description 
1. < 0,70 Disappeared 
2. 0,70 – 0,79 Need Revision 
3. ≥ 0,80 Maintained 

Based on Table 1, items with an index of ≥ 0.80, as assessed by more than three experts, 
are considered to have strong evidence of content validity and should be retained. Items with 
a content validity index ranging from 0.70 to 0.79 require revision, while those with an index 
below 0.70 are considered to lack sufficient validity and should be eliminated. 
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3. RESULTS AND DISCUSSION 
3.1   Results 

Proving the content validity of the instrument uses a qualitative and quantitative 
analysis approach. From the qualitative side, the experts gave many suggestions for 
improvement in the aspect of word writing. This can be seen in Table 2 below. 

Table 2. Experts' Suggestions on the Developed HOTS Instrument 
Expert Suggestion 
Expert 1 Overall, the questions are very good and can be used, but some parts need 

improvement, such as the use of terms that are less precise and ambiguous. 
Expert 2 The questions provided already include HOTS indicators. 
Expert 3 In general, the questions are good and can be used to measure HOTS 

capabilities. 
Expert 4 Overall, the questions are good and can be used for assessment activities in 

accordance with the taught material. 
Expert 5 Replace certain terms to better align with the context of the questions, 

ensuring they are generally understandable by all students. 
Expert 6 
  

1. Improve the image illustrations to better match the questions. 
2. The question indicators are too specific, making it difficult to develop 
questions flexibly. Create less specific indicators. 

 
Meanwhile, quantitatively, the content validity coefficient was calculated based on 

Aiken’s concept. The results of the analysis using Aiken’s V formula are presented in 
Table 3. 

Table 3. Results of Aiken's V calculation 
Item 

Number 
Expert Aiken's 

Index 1 2 3 4 5 6 
1 5 5 5 5 5 5 1,00 
2 5 5 5 5 5 5 1,00 
3 5 5 5 5 5 5 1,00 
4 5 5 5 5 5 4 0,96 
5 5 5 5 5 5 4 1,00 

The results of the quantitative content validity analysis showed that the five items 
that had been compiled all met high content validity and supported the overall test content 
that had been reviewed in terms of material (content), test construction, and language. The 
details of the content validity of the instrument consist of four items having an Aiken's 
index of 1.00 and the remaining one item has an Aiken's index coefficient of 0.96. 
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3.2.   Discussion 

The initial product produced in this study is a HOTS-based description form 
mathematics test instrument for seventh-grade junior high school students. The description 
test instrument was used because the description test is a form of test that is more appropriate 
to measure students' thinking and problem-solving skills [42]. The description test form also 
has the potential to be used in developing HOTS instruments. In other words, the preparation 
of HOTS instruments will be easier to do by using the description test form [43]. The test 
items were prepared based on the Basic Competencies (KD) on the subject matter of 
Integers. The test items were then developed into five question indicators. The material 
tested on this test instrument is the arithmetic operations of addition and subtraction of whole 
numbers. 

The test items that have been developed based on KD and HOTS Indicators are then 
reviewed by the researchers themselves to check whether the test instrument items are in 
accordance with the aspects to be measured and check whether there are still errors in writing 
and so on. The next assessment was conducted by a panel of experts consisting of 
mathematics education experts, mathematics measurement and assessment experts, and 
educational practitioners, namely teachers who teach seventh grade mathematics. The 
experts provided an assessment of the quality of the test instrument items in terms of material 
coverage, construction and language used. This second stage aims to prove the content 
validity of the HOTS-based mathematics test instrument that has been developed. Content 
validity relates to the extent to which the feasibility or relevance of the instrument content 
covers the entire material being measured [44]. The questions or items in the instrument are 
analyzed and matched with the subject matter that has been given, whether the answers to 
the questions are related to the subject matter or not [45].  

Proving the content validity of a good instrument needs to use qualitative and 
quantitative analysis approaches [46]. Qualitative review is also known as theoretical 
assessment. This theoretical analysis is carried out by considering aspects of material 
coverage, construction, and language used in the instrument. The technique for analyzing 
test items was carried out using the panel technique. The theoretical review from experts 
resulted in input to revise several aspects of instrument writing, such as changing some 
words or diction, changing the context of problems that are not in accordance with the 
cognitive development of students, and shortening certain sentences so that the problems in 
the test items become more rational and easily understood by students. The validation sheet 
also includes a revision column for each item, indicating whether or not the indicator or 
rubric, question formulation, options, pictures or tables, answer key, and scoring rubric need 
to be improved. The experts then filled in the form with general suggestions, which can be 
seen in Table 2. 

The use of appropriate terminology in assessment instruments is very important as it 
affects clarity, understanding and fairness in the assessment process. Clear and easy-to-
understand language helps ensure that each learner understands the intent of the question, so 
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that they can answer correctly according to their ability and knowledge, which will reflect 
their true ability [47]. If the language used is confusing or overly complex, it can lead to 
misinterpretation, which ultimately results in an inaccurate assessment of the student's 
ability. 

Meanwhile, quantitative content validity analysis is carried out by calculating the 
content validity coefficient based on Aiken's concept. There are three types of quantitative 
content validity coefficients offered by Aiken's, namely the V, R and H coefficients [48]. In 
this study, quantitative analysis was used using the V coefficient formula. In proving content 
validity, researchers can choose to determine the number of rating category scales to be used. 
This study used a 5-category rating scale with six experts as assessors. 

The experts' assessment of all test items that have been developed shows the quality 
of the instrument with very good criteria. This indicates that all items can be maintained and 
can be used to measure the mathematical HOTS skills of seventh-grade junior high school 
students on the sub-material of arithmetic operations of addition and subtraction of whole 
numbers. The results of the Aiken's formula V analysis are presented in Table 3. 

The magnitude of Aiken's V index in Table 3 proves that the instrument has been valid 
[49] and can be used to measure the HOTS ability of seventh grade junior high school 
students. This is in line with the research [50], [51] and [52] which states that content validity 
generates confidence that instruments that are compiled and meet high content validity are 
instruments that are considered to be in accordance with the indicators and aspects to be 
measured. 

Content validity is the basis that must be met in developing instruments [53]. Proof of 
the content validity of a test instrument will determine how far the content in the instrument 
is able to reflect all indicators and levels of knowledge to be measured [54]. It also 
emphasizes a careful process of item development and content validity analysis to improve 
the quality of instruments to be used in empirical studies and is key to supporting the 
construct validity of such instruments [55], [56]. It should also be noted that the result of the 
content validity analysis is an assessment based on the decision of a panel of experts 
(subjective element). The more experts involved, the better the quality of the instrument for 
the purpose of measuring students' HOTS levels [57]. 

4. CONCLUSION 

Based on the results of the research and discussion, it can be concluded that the 
developed mathematics HOTS test instrument for seventh-grade junior high school students 
meets the elements of high content validity based on the assessment of the expert panel 
consisting of mathematics education lecturers, mathematics measurement and assessment 
experts, and also teachers who teach junior high school mathematics. The developed test 
instrument has been able to measure what it is intended to measure, which in this case is the 
HOTS ability of seventh-grade students. This can be seen from the content elements that are 
in accordance with the subject matter, basic competencies, HOTS indicators, and the stage 
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of cognitive development of students. The review of the test construction also showed that 
the instrument has illustrated HOTS ability, encouraged students to think at a higher level, 
and also the items have used operational verbs based on Bloom's taxonomy levels. The 
expert assessment also agreed that the instrument was appropriate based on the language 
aspect, where the use of words and language in the items was formulated straightforwardly 
and clearly, and did not cause multiple interpretations. 

Based on the research results and conclusions presented, the researcher suggests that 
understanding and ability in developing test instruments is very important to master so that 
the instruments developed meet the elements of high content validity and are suitable for 
use. Although the instrument is based on theory and expert panel assessment, the instrument 
development process should be continued by proving its construct validity and reliability. 
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