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Abstract: This study aims to 1) produce a HOTS assessment instrument; 2) knowing the quality 

of the test instrument in terms of the feasibility of construction, material feasibility, and 

language feasibility according to the expert; and 3) knowing the quality of the test items in 

terms of validity, reliability, difficulty level and distinguishing power based on the test results. 

Research and Development ware used as a research method with 4D procedural development 

model consists of four stages, namely: the define stage, the design stage, the development stage, 

and the dissemination stage. The questionnaire was used for expert judgment validation. The 

characteristics measurement of the HOTS items instrument including the validity, reliability, 

difficulty level and distinguishing power of the questions. The HOTS assessment instrument 

developed was in the form of multiple-choice options with a reason based on HOTS in aspects 

of analyzing, evaluating and creating. The results of expert validation show that the average 

item with criteria is very good in terms of content, construct and language aspects. Instruments 

that have been validated and revised were tested on students who had studied vibration and 

wave material and the test results showed that 77% of the questions developed were of good 

quality with valid criteria, good distinguishing criteria, level of difficulty at moderate and easy 

levels and very strong reliability so that feasible and ready to be used to measure students' 

higher order thinking skills in vibrations and waves material. 
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INTRODUCTION 

The industrial revolution 4.0 sparked a new vision of the industrial revolution 

that was born in Germany in 2011 and has been inspiring a lively (Pfeiffer, 2017). 

According to experts (Lasi et al., 2014; Neugebauer et al., 2016; Rüßmann et al., 2015; 

Schmidt et al., 2015) the industrial revolution  4.0 is predicted to have great  potential  

benefits  including  improved  production flexibility speed,   improved   service  to  

customers  and  increased  revenue. If  the  potential  benefits  are realized, it will  

certainly have a positive  impact  on the economy of  a  country (Prasetyo & Sutopo, 

2018). But to realize   these benefits, in general  there are  five   challenges  that will be  

faced (Zhou et al., 2015) namely  aspects of   knowledge,  technology,  economy,  social 

and political. In the next 10 years, 75 percent of all types of jobs will be lost (Harahap & 

Rafika, 2020). This is because the work played by humans gradually replaced with 

digitalization technology programs. As a result, the production process becomes faster 

to work on and more easily distributed massively with minimal human involvement.  

To face these challenges, there needs to be innovative human resources, creative, 

and able to create new things, namely being able to create solutions although not     

necessarily original. One of those who are able to print the generation (human 

resources) is universities. Universities are expected to prepare human resources that are 

able to compete in the era of revolution 4.0 which is a generation that is able to solve 

every problem faced with its ability to think critically, logically and analytically.  

In order to achieve these goals, of course learning must lead to the improvement 

of students' ability to think high level or known as High Order Thinking Skills (HOTS), 

because high-level thinking is one of the stages of thinking that cannot be released from 

daily life and every student is directed to have a high level of thinking patterns because 

of the ability high-level thinking allows one to think critically. In addition to the use of 

learning approaches that encourage students to be able to think critically, logically and 

analytically, there is also a need for a test instrument that can measure students' high-

level thinking abilities. The assessment instrument consists of HOTS questions that 

measure students' abilities including (1) the ability to transfer one concept to another, 

(2) the ability to process and apply information, (3) the ability to find links from 

different information, (4) the ability to use information to solve problems, and (5) the 

ability to study ideas and information critically.   

  Based on the observations of several midterm exams  and  final  semester  

exams for  several  courses and  interview results conducted  with  several  lecturers  

studying physics education at  one  of  the campuses in West Kalimantan, information 

was obtained test instruments used to measure students' ability to understand the lecture  

materials  have not yet can be classified into HOTS problem instruments because the  

instrument has not been able to train students to develop their skills in analyzing,  

evaluating  and  creating. The problem instruments used are mostly still measuring 

students' abilities in the stages of remembering, understanding and applying. This is       

contrary to what (Kartowagiran, 2012) stated, that the assessment used by educators not 

only asks students to repeat the concepts they have learned in class but is expected to 

improve the reasoning of learners so that they can hone the skills of learners in solving 

problems, thinking critical and creative. 
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To overcome these limitations, a high level of thinking ability-based   

assessment instrument (HOTS) is required. The development of this assessment 

instrument aims to measure and observe the level of understanding that students have in 

analyzing, evaluating and creating. Vibrations and waves were chosen as the object of 

research material because students still often misunderstand and interpret various 

concepts of vibration and waves (Ekawati et al., 2017). Problems related to the concepts 

of vibration and waves are often found in everyday life, because the world is full of 

waves which are abstract concepts (Serway & Jewett, 2018). For this reason, reasoning 

skills are needed to solve various problems related to the concept of vibration and 

waves. According to Pusat Penilaian Pendidikan Kemdikbud, the cognitive level of 

reasoning is a higher-order thinking ability that includes the ability to analyze, evaluate, 

create, think critically, think logically, think creatively, solve problems in new contexts 

(Kemdikbud, 2019). To that end, this study will develop HOTS assessment instrument 

devices on vibration and wave courses. It is expected that through this HOTS problem 

device, students will get used to solving problems with a high level of thinking skills so 

as to develop students' thinking skills. 

METHOD 

This research uses research and development (R&D) methods (Haryati, 2012; 

Hasnunidah & others, 2017) to developed and validation a HOTS assessment 

instrument in vibration and wave courses. The development model used is the 4D model 

(four D model) (Sugiyono, 2019; Thiagarajan & others, 1974). The 4D development 

model consists of 4 main stages, namely: (1) Define, (2) Design, (3) Develop, and (4) 

Disseminate. The stage of test development is presented in Figure 1. 

Subject of Research 

The subject of this research is the subject of product development and trial 

subject. The product development subjects consisted of material experts, educational 

evaluation experts and linguists as validators. The test subjects were one class physics 

education students (21 students) who had taken vibration and wave courses.  

Data Collection and Instrument 

Indirect communication technique using closed questionnaire was used to 

measure the feasibility of the developed vibration and wave HOTS test instrument. The 

aspects of the feasibility of the questionnaire that were measured included aspects of 

content, construct, language, time and instructions. The validator validation results that 

have been obtained are used to revise the developed questions items. The instruments 

used in this study have been validated by experts and declared eligible for use in 

research data retrieval. Measurement technique was used when testing the HOTS 

vibration and wave test instrument to measure the level of validity and reliability of the 

test. 
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Figure 1. HOTS Assessment Instrument Development Research Design Chart 

Data Analysis Methode 

Analysis of research data in the form of expert validation results analyzed using 

the percentage of HOTS test feasibility score. The percentage of score obtained is 

interpreted based on the eligibility criteria (Sudijono, 2017), presented in Table 1. 

Table 1 Assessment Criteria by Experts 

Percentage Range Criterion 

81.25% < score ≤ 100% Excellent 

62.50% < score ≤  81.25% good 

43.75% < score ≤  62.50% Good Enough 

25.00% < score ≤  43.75% bad 

 

Hots assessment instruments developed are considered feasible to use if the rating score 

> 62.5%. If the score of the assessment is still ≤ 62.5 then the product needs to be 

revised again. The test result data was analyzed in the form of validity test, difficulty 

level test, differentiation index test and reliability test. The validity coefficient is 

obtained using the Product Moment Correlation Equation (Arikunto, 2010). The validity 

of HOTS items of instruments is obtained by comparing the coefficient of validity 
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(rhitung) with apostates. Hots question item is said to be valid if rhitung > rtabel and 

otherwise (Sugiyono, 2019). The difficulty level of the problem item is indicated by the 

difficulty level index (Arikunto, 2010). The test question items is said to be good if the 

problem difficulty index is in the range of 0.25-0.75 (Koyan, 2012). The differentiation 

of the item is used to know the level of each question item to distinguish between the 

upper group students and the lower group. The differentiation item of instrument is 

shown from the distinguishing index criteria (Arifin, 2012). According to Fernandes 

(Koyan, 2012), the test question item is said to be good if the problem differentiation 

index is in the range of 0.15 – 1.00. The question of the test is known from the 

reliability index of the question. The reliability index of the problem is obtained using 

the Alpha Cronbach equation (Surapranata, 2004), to describe the internal consistency 

of the instrument. 

RESULT AND DISCUSSION 

Test Development Results 

This development research resulted in the product of high-level thinking ability 

assessment instrument (HOTS) for vibration and wave courses. The 13 items of the 

HOTS test instrument were developed in the form of multiple choice with reasons at the 

level of thinking, analyzing, evaluating, and creating. (Table 2). 

Table 2. Item Spread High Level Thinking Ability Test Vibration and Wave Material 

No Realm of Knowledge Problem Number 
Number of 

Questions 

1 Analyzing (C4) 2, 4, 6, 13 4 

2 Evaluating (C5) 1, 3, 5, 9, 11 5 

3 Create (C6) 7, 8, 10, 12 4 

 

Based on Table 2, it appears that the problem spread for each HOTS level is 

relatively the same. The feasibility of HOTS questions by experts is seen from the 

aspects of constructs, materials and language. Table 3 shows that HOTS assessment 

instruments developed have feasibility in terms of content, constructs and languages 

with excellent criteria for content and construct while criteria are good for languages. In 

addition, the allocation of time given very well criteria means that the time provided in 

the work of the question is adequate and the instructions presented on the question have 

good criteria meaning the question order is easy to understand by students. However, 

there are several revisions (improvements) based on validator suggestions including (1) 

Redaction improvements to questions 1, 2 and 3 and operational verbs on Basic 

Competencies. 
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Table 3. Recapitulation of Test Results by Experts Of Each Item 

No 
Aspects of 

Study 

Study Results P 

Total 
criterion 

Validator 1 Validator 2 Validator 3 

P criterion P criterion P criterion   

1 Content 80.00 good 80.00 good 53.33 Good 

Enough 

86.67 Excellent 

2 Construct 86.67 Excellent 100.00 Excellent 86.67 Excellent 91.67 Excellent 

3 Language 93.33 good 95.00 Excellent 86.67 Excellent 75.56 good 

4 Time  80.00 good 100.00 Excellent 80.00 good 86.67 Excellent 

5 Instructions 40.00 bad 80.00 good 80.00 good 73.33 good 

 

The results of the feasibility analysis of HOTS assessment instruments in terms 

of content are considered eligible to be used with very good feasibility criteria in terms 

of content, construct and language. This explains that the test instruments made are able 

to measure the high level of skills of students as evidenced by expert judgment (Istiyono 

et al., 2014). 

 

Test Results 

The test instrument developed is an instrument used to measure students' high 

level of thinking skills at the level of analyzing, evaluating and creating. According to 

Pusat Penilaian Pendidikan (Kemdikbud, 2019), there are 3 principles in assessing high  

thinking skills, namely (1) The existence of a stimulus  presentation in the form of 

problems (cases), scenarios, discourses and introduction to text that can make it easier 

for student to think; (2) Using contextual and new problems for students; and (3) 

Distinguishing between difficulty levels (easy, moderate or difficult) and cognitive 

levels (low-level thinking and high-level thinking). Therefore, the HOTS developed 

using contextual and interesting stimulus that is sourced from global issues related to 

the material in question and allows students to be able to solve problems by evaluating    

some problem solving strategies so that students can find new solutions models 

different ways (Thomas & Thorne, 2009). 

The results of the trial analysis showed that out of the 13 HOTS question items 

developed there were 9 valid criteria question items and 4 invalid criteria question items 

(Table 4). Valid critical questions are considered worthy to be used in measuring 

students' high-level thinking skills. It is as stated by (Barnett & Francis, 2012) that test 

questions containing high levels of valid criteria can encourage students to think deeply 

about learning materials. The valid test can describe the indicators of the learning 

material to be tested. The HOTS assessment instrument that was developed effectively 

in training students to have good HOTS can be used as a learning assessment for 

students (Merta Dhewa et al., 2017). A valid HOTS test instrument can present 

questions correctly to measure analytical skills, evaluation abilities and the ability to be 

creative in the concept of vibration and waves. so that with the right instrument it can 

develop students' higher order thinking skills (Rahmi & Alberida, 2017). 
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Table 4. HOTS Assessment Instrument Validity Test Results 

Problem 

Number 
rcount rtable criterion 

1 0.878 0.811 Valid 

2 0.878 0.811 Valid 

3 0.168 0.811 Invalid 

4 0.619 0.811 Invalid 

5 0.814 0.811 Valid 

6 0.925 0.811 Valid 

7 0.989 0.811 Valid 

8 0.878 0.811 Valid 

9 0.878 0.811 Valid 

10 -0.04 0.811 Invalid 

11 0.901 0.811 Valid 

12 0.835 0.811 Valid 

13 0.988 0.811 Valid 

 

The results of the analysis of the differentiation index of HOTS problem items 

obtained that 50% of the problem items are good category, 15% are quite good category 

and 26% are less good category. Differentiation analysis is needed to know the intensity 

of a problem in difficulty, namely the ability of the question item to distinguish between 

students who master the material tested and students who have not mastered the 

material tested (Fatimah & Alfath, 2019). The question item that has bad differentiation 

criteria means that the question item can be answered correctly by students who are 

clever or less clever so it is not good to be used in measuring students' high-level 

thinking ability.  

Furthermore, the difficulty level of HOTS problem items developed shows that 

the problem is dominated by questions with a moderate category of 77% of medium 

category questions, 15% of easy category questions and 8% of difficult category 

questions. A test should not be too easy, nor should it be too difficult. An instrument has 

good criteria if the problem in test instrument is not too easy and not too difficult 

because the problem item is too easy will make all students can answer correctly and the 

problem item is too difficult to answer by students (Fatimah & Alfath, 2019). This 

indicates that the HOTS problem items developed fall into both categories in the 

difficulty level of the problem. There are still students who find it difficult to answer 

HOTS questions because students are still not familiar with the type of HOTS questions 

in the form of multiple choice with a reason (Agustihana & Suparno, 2019). There are 

still students who have difficulty answering HOTS questions because students are still 

not familiar with the types of HOTS questions in the form of multiple choice and the 

reasons. Another reason is that Higher Order Thinking Skills (HOTS) have not been 

properly trained and accommodated in the classroom. Students are still accustomed to 

using Lower Order Thinking Skills (LOTS) is the logical reason students still have 

difficulty answering HOTS questions, in addition to psychological and intellectual 

characteristics, class environment, (Budsankom et al., 2015) and inactive learning (Santi 

et al., 2018).  Teachers should use learning models or media that can stimulate students' 

higher-order thinking skills (Aulia et al., 2019). 



98 Nurhayati, et.al. / vol 9 (1), 2021, 91-100  

 

Jurnal Pembelajaran Fisika (JPF) – Pendidikan Fisika, FKIP, Universitas Lampung 

 

The reliability of the test category is very strong which is 0.95 which indicates 

that the test has high stability so that the test can be used to make decisions about   

students' high-level thinking ability. The reliability coefficient of the test has a large of 

at least 0.90 can be used to make decisions about individuals (Suryabrata, 2000). To 

make instrument materials according to the need for higher order thinking, that must 

feature novelty and be supported by strong theoretical and empirical foundation so that 

have consistency between components (Agustihana & Suparno, 2019). The stability of 

the developed HOTS instrument can be seen from its high reliability index (Mooi et al., 

2018). The development of the HOTS test for vibrations and waves has met the criteria 

including content and construction consistently describing the stability of the HOTS 

instrument. 

CONCLUSION 

The HOTS instrument was developed in the form multiple-choice options with a 

reason to measure students' high-level thinking skills at the level of analyzing, 

evaluating and creating. The quality of the question points is obtained from the analysis 

of expert studies and try out analysis consisting of validity, reliability, difficulty and 

differentiation of the items, it can be drawn conclusions (1) Reviewed from the study of 

quality experts HOTS problems developed good criteria with an average percentage of 

content aspects of 86.67% with excellent criteria, construction aspects of 91.67% with 

excellent criteria and language aspects of 75.56% with good criteria; (2) In terms of 

validity, on HOTS question instruments as many as ten points of valid category 

questions and three items of invalid category questions; (3) In terms of reliability with 

an index of 0.95 has qualified reliability; (4) Judging from the differentiation index, 

there are seven points of question with good differentiation, two points of question with 

sufficient differentiation and four points of question with poor differentiation; (5) 

Judging from the difficulty level, there are 77% of medium category question items, 

15% of easy category question items and 0.08% of difficult category question items. In 

general, 77% of HOTS items instrument are in good criteria. 

Based on the results of the analysis, it is recommended: (1) Lecturers can assess 

high-level thinking skills in courses by applying HOTS test; (2) The existence of 

training on the preparation of high-level thinking skills assessment instruments; and (3) 

The development of HOTS-based questions for other physics courses. 
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