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Abstract 
 

This paper is a part of research and development that develops Higher Order 

Thinking Skill test assessment in mathematics learning in seventh grade. The 

developed test assessment is in the form of essay questions, consisting of 10 

question items. In a research and development study, one of the required steps 

before conducting a trial run test is an expert study. The expert study is carried 

out to find out the validity and reliability of a developed instrument based on 

experts' judgment. The developed test assessment in this research is based on 

three experts' judgments. They are a mathematician, an evaluation expert, and 

a practitioner (mathematics teacher). Then, the scores taken from the expert 

study were then analyzed by using the Aiken formula. Meanwhile, the reliability 

was analyzed by using Ebel. The validity score of 10 question items shows each 

of them has a validity score ≥0,67toward three aspects. The aspects are content, 

construct, and language. The aspects consist of 14 principles. Meanwhile, the 

reliability test has a score of 0,96. Thus, the developed test assessment, based on 

the expert study, is valid and reliable. 
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INTRODUCTION 

 
Mathematics is a lesson taught for school 

students. It has educational roles to achieve 

educational goals as mandated by the 

Constitution (Pulungan, D. A. 2014).  

Mathematics is basic science. By learning 

mathematics, critical, logical, and systematic 

skills could be trained. However, it is important 

to know that mathematics roles do not only cover 

those matters but mathematics has roles in other 

fields, for example, physics, economy, and 

biology. Thus, in learning mathematics, it is 

important to be directed in higher thinking order 

skills (Sa’idah, N., Yulistianti, H. D., & 

Megawati, E. 2019).  

The 2013 curriculum is the present-

developed curriculum that demands students in 

learning mathematics could reach higher-order 

thinking skills (Wanda, V. N., Yusmin, E., & 

Nursangaji, 2019). Ferita, R. A., & Fitria, M 

(2019) argue that student-critical thinking skill 

improvement, in the present time, is the focus 

attention of the government. It could be seen by 

the implementation of the curriculum in which 

higher-order thinking skill of students becomes its 

focus. Furthermore, higher-order thinking skill 

gets special attention from one of International 

study institution called TIMMS (The Trends For 

International Mathematics and Science Study). The 

institution reviews student cognitive skills in the 

mathematics and science field (Fitriani, D., 

Suryana, Y., & Hamdu, G., 2018).  

Higher-order thinking skills cover skills to 

analyze, evaluate, and create  (Ferita, R. A., & 

Fitria, M., 2019). Higher-order thinking skills in 

mathematics, known as MathHOT, are skills to 

analyze, evaluate, and create in the mathematics 

field. These skills could be performed in 

completing mathematics problems by analyzing, 

evaluating, and creating (Hikmah, H., & Amin, 

N. 2019).   

A study conducted by Imanudin, T.n.F.  

(2015) concluded that JHS/Islamic JHS students' 

books in the seventh grade with 2013 curriculum, 

published by Ministry of Culture and Education 

in 2014, the first-semester revision   edition,  

consisted  of 74 questions, a  

 

2.72% C4 question percentage, a 2.72% C5 

question percentage, and a 0% C6 question 

percentage.  Furthermore, Budiman, A., & 

Jailani, J (2014) stated the teachers’ hindrances 

were lack of skills to develop HOTS assessment 

instruments. The previous arguments are also in 

line with Pulungan’s arguments (2014) about the 

incompatibility of the curriculum demands and 

the availabilities of measuring tools in the form of 

test instruments. Budiman, A. & Jailani, J (2014) 

argue that the given questions by teachers 

influence students’ thinking skill developments.  

Higher-order thinking skills could be trained by 

giving questions that trigger students to think 

analytically, creatively, and in an evaluative 

manner. 

Identifying how far students' higher-order 

thinking skills are could be done by conducting an 

assessment. Assessment is an applicable test to 

train students' thinking skills. It also influences in 

determining the students' thinking skills.  

(Suhaesti Julianingsih, S. J., Undang Rosidin, U. 

R., & Ismu Wahyudi, I. W. 2017). Furhtermore, 

Dhema, M. (2019) states that the measuring 

instruments in an assessment should have high-

reliability quality criteria to be applied in 

measuring students’ competences. Besides that, 

Ferita, R. A., & Fitria, M. (2019) adds that the 

excellent test instruments to be applied as 

measuring instruments should be valid and 

reliable. 

Validity is an important matter in 

developing both test and nontest instruments 

(Mardapi Dhemari, 2016:33). Furthermore, 

Sugiyono (2015:179) states that valid instruments 

must have both internal and external validities. 

What is meant by the internal validity of an 

instrument is rationale validity. Internal validity 

must consist of construct and content validities. 

However, Ramalis, T.R., & Purwana, U (2018) 

state that content validity consists of material, 

construct, and language aspects in an instrument. 

This validity evidence could be an accuracy 

analysis of the test content logically or empirically 

to create score-test interpretations. The test or 

instrument validity evidence should be conducted 

by experts of the expertises or fields in the 
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measured field and experts of measuring field 

(Mardapi Djemari, 2016:33-34).  

Besides validity, reliability needs to be 

analyzed carefully. Nugroho, B. S., Djuniadi, D., 

& Rusilowati, A. (2016) explain that after finding 

out the validity results based on the experts’ 

judgment, the next step is to calculate the 

instrument reliability through consistency 

agreement among the raters. It is due to reliability 

could show how far the measuring results of the 

instrument could be trusted (Munadi, S., 2010). 

Based on the explanation, in this paper, the 

validity and reliability of Higher Order Thinking 

Skills (HOTS) test assessment development in 

learning mathematics at seventh grade with 

Rasch Model, based on expert study will be 

explained.  

 

METHOD 

 

Analyzing validity and reliability based on 

the expert study is a part of this Higher Order 

Thinking Skills (HOTS) test assessment 

development in learning mathematics four 

seventh grade with the Rasch Model. The 

developed test questions are 10 items of 

mathematics essay for seventh graders in the odd 

semester. The questions would be reviewed by 

three experts. They were a mathematician, an 

evaluation expert, and a practitioner (a 

mathematics teacher).  Analyzing validity scores 

based on the expert study was done by using the 

Aiken formula assisted by Microsoft Excel. 

Aiken formulates Aiken's formula to 

calculate the content-validity coefficient that is based 

on judgment results of expert panels with 𝑛 

persons to a certain system. It is based on how far 

the items represent the measured construct 

(Hendryadi, H., 2017).   

Retnawati Heri (2015:18-19) states that 

validity is determined by expert agreement. To 

find out this agreement, validity indexes could be 

used. One of them is what is proposed by Aiken 

as follows. 

𝑉 =
∑ 𝑠

𝑛(𝑐 − 1)
 

Remark:     

𝑉 = The index of the rater agreement about 

item validity. 

𝑠 = The determined scores of each rater is 

subtracted by the lowest score in the applied 

category. (𝑠 = 𝑟 − 𝐼0) 

𝑐 = The numbers of categories that could 

be selected by the raters.     

𝑛 = The numbers of the raters.  

This index validity is ranged from 0 until 1. 

The category of this content validity, in which an 

item could be categorized based on the index, is 

shown in Table 1. 

 

Table 1. Content validity category. 

Scores Categories 

≤ 4 Invalid 

0,4 − 0,8 Little bit valid 

> 0,8 Very valid 

 

The reliability of the developed test 

analysis is analyzed by the Aiken formula. 

However, an analysis of independent t-test with 

Two Way ANOVA assisted by SPSS program 

20.0 was conducted. The obtained scores were 

then substituted in the Aiken formula. It is in line 

with what Azwar (2012) did in A. Nugroho. B. S., 

Djuniadi, D., & Rusilowati, A. (2016) argue that 

the instrument reliability is based on the expert 

agreement. It could be tested by an independent t-

test with Two Way Anova assisted by SPSS 

Program 20.0. Then, the analysis was continued 

by Ebel formula. 

Dewi, N. M. A. K., Sugihartini, N., 

Kesiman, M. W. A., & Sunarya, I. M. G. 

(2014)state that reliability test among raters is 

analyzed by using Ebel formula, by looking at the 

reliability criteria among raters as shown in Table 

2. 

 

Table 2. Reliability Criteria among Raters 

Score Range Categories 

0.00 <  r ≤  0,20 A very low reliability level 

0,20 <  r ≤  0,40 Low reliability level 

0.40 <  r ≤  0,60 Moderate reliability level 

0.60 <  r ≤  0,80 High reliability level 

0.80 <  r ≤  1,00 Very high-reliability level 
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By referring to the previous study 

conducted by Sujarwanto & Rusilowati (2015), 

then the Assessment Instrument is stated reliable 

if the reliability coefficient is ≥  0,6. Azwar (2000) 

state that a high-reliability coefficient score could 

be defined that the given rates by each rater are 

consistent (reliable) each other. 

 

FINDINGS AND DISCUSSION 

 

The mathematics-essay question items for 

the seventh grade consist of 10 items. They were 

reviewed by three experts. They were a 

mathematician, an evaluation expert, and a 

practitioner (a mathematics teacher) toward 3 

aspects. The aspects are content, construct, and 

language. Those aspects consist of 14 principles. 

The review results were then analyzed by 

applying the Aiken formula and using Microsoft 

Excel. The analysis results are shown in Table 3

 

Table 3. The validity scores based on three experts’ judgment
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Based on the validity scores from the experts, 

an item numbered 1 has 2 principles that include in 

moderate validity criteria. It has a validity score 

𝑜𝑓 0,67. The principles are about the content 

appropriateness to the objective and measurement 

and the question formulations do not use any word 

nor sentence causing multi-interpretation or 

misconception. Meanwhile, the other principle is 

very valid with validity score ≥ 0,83. Then, the 

question item number 2 has 1 principle. It is 

included in moderate validity criteria due to the 

content material appropriateness to the education 

levels, type of schools, or the grade level. 

Meanwhile, the other criteria are included in very 

valid criteria with validity score≥ 0,83.  

The question item numbered 3 has 2 

principles that meet moderate validity criteria. They 

are principles about the content appropriateness to 

the objective of measurement and the question 

formulation that has considered the language and 

cultural aspects.  Meanwhile,   the   other   principle   

in  

question item numbered 3 is categorized in 

high validity criteria with validity score ≥ 0,83. The 

question item numbered 4 has two principles that 

have moderate validity criteria. The principles are 

about the content material appropriateness to the 

educational level, school type, or grade level. The 

question formulations also do not use any word nor 

sentences causing multi-interpretation or 

misconception. Meanwhile, the other criteria of the 

principles are categorized as high validity with 

validity score≥ 0,83. 

Then, the question item number 5 has 2 

principles. They are included in moderate validity 

criteria due to the content material appropriateness 

to the education levels, type of schools, or the grade 

level. The question formulation has considered 

language and cultural aspects. Meanwhile, the other 

principles are included in very valid criteria with 

validity score≥ 0,83. The question item numbered 6 

has 3 principles included in moderate validity 

criteria. They are principles about the question 

appropriateness to the indicators. The item 

formulations have implemented simple and 

communicative language. The question items also 

used correct and appropriate Indonesian language. 

Meanwhile, the other principles are included in high 

validity criteria with validity score≥ 0,83.  

The question item numbered 7, in each of its 

principles has validity score ≥ 0,83. Thus, the 

question item covers each principle with high 

validity criteria. The question item numbered 8 has 

two principles that have validity score 0,67. They 

are principles about the question appropriateness to 

the indicators and the questioned-material contents 

have been in line with the educational level, school 

type, and grade level. Meanwhile, the other 

principles are included in high validity criteria with 

validity score≥ 0,83. The question item numbered 9 

and 10 meet each principle. Each of the principles' 

scores is≥ 0,83. Therefore the question items 

numbered 9 and 10 have met the high validity 

criteria. 

The validity scores of the developed 10 essay 

question items, based on expert judgment, had no 

low validity criteria. Thus, it could be said the 

developed question items meet the validity criteria 

based on expert judgment. Thus, the developed test 

assessment is reliable to use to assess higher-order 

thinking skill in learning mathematics for the 

seventh graders in the odd semester.  

After obtaining the validity results based on 

the expert study, the reliability score was analyzed 

based on the expert study. The results of the 

ANOVA test assisted by SPSS 20.0 are shown in 

Table 4. 

 

Table 4. Two Way Anova Test 

 

 

Then, the obtained score in Two Way  

Anova was substituted in the formula.  

𝑟𝑥𝑥 =
𝑀𝐾𝑠 − 𝑀𝐾𝑖𝑛𝑡

𝑀𝐾𝑠
 

𝑟𝑥𝑥 =
6,488 − 0,245

6,488
 

𝑟𝑥𝑥 =
6,243

6,488
= 0,96 

The obtained reliability score is 0.96. The 

score shows the reliability criteria among raters have 

a high-reliability level category. Therefore, the 
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developed instrument, based on the expert 

judgment, has an opportunity to be trusted to be 

applied in measuring higher-order thinking skills of 

the students that the test assessment would have 

consistent or relatively stable results. Furthermore, 

due to the high-reliability category score, it means 

the test assessment instrument has high confidence 

and there is no difference among the raters. 

 

CONCLUSION  

 

The scoring results of 3 experts obtained validity 

scores of 10 question items based on three 

aspects, consisting of 14 principles≥ 0,067. It 

shows that the developed instrument items 

meet the validity criteria so the developed test 

assessment is reliable to assess higher-order 

thinking skills in learning mathematics in 

seventh grade.  

Meanwhile, the test assessment reliability based on 

three experts obtained score 0.96. Thus, it 

means the developed test assessment in 

learning mathematics for seventh graders has 

high confidence and it has no differences 

among raters. 

Therefore based on the validity and reliability scores 

obtained from 3 experts, the developed test 

assessment could be used to assess HOTS in 

learning mathematics for seventh graders in 

the odd semester. 
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