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Abstract – This research aimed to develop and understand the quality of questions with HOTS and responses given 

by teachers and students on chemical bonding material. The method used is research and development R & D with 

Borg & Gall model. The sample was 83 students selected using random sampling technique. Data were collected by 

conducting written test and distributing questionnaire. The results showed that 17 questions (85%) were valid, 3 

questions (15%) were invalid. Besides that, the highest reliability reached 0.848 as very high category. Index of 

difficulty represented the easiest questions as much as 5%, 80% questions were grouped into middle level for difficulty, 

and the most difficult questions presented by 15%. Moreover, distinguishing power was good with percentage of 80%, 

and it was accompanied with tricky power as much as 91.25% run well, where as 8.75% was not. Both responses from 

teachers and students with very good category were 90.33 and 82.73%, respectively. Therefore, it can be concluded 

that the developing questions were feasible to use as students self-learning in order to train their HOTS.  

Keywords – Higher Order Thinking Skill, Wondershare Quiz Creator, Chemical Bonding. 

I. INTRODUCTION 

The standard of competency for high school graduates and their equivalents really require mastery of high-level 

thinking skills, as well known as HOTS. According to Saido, et al., (2015) there were two types of cognitive skills, 

namely low order thinking skills (LOTS), which only measure the level of understanding of knowledge, and 

HOTS skills that require students to analyze information, evaluate and create. The level of difficulty of the 

questions contained in the national exam is a question that trains students not only to be able to remember but is 

able to analyze the questions given that require students to think HOTS compared to the questions commonly used 

in schools that still provide LOTS questions (Widana et al. 2018 ). Based on the results of international studies 

reported by the Organization for Economic Co-operation and Development (OECD) in the Program for 

International Student Assessment (PISA) In this case, the achievement of Indonesia is relatively very low which 

is stand for 69 rank among 76 countries (Gurria, 2015). 

Besides that, the results of interview with several teachers in senior high school exhibited that test given to 

students is frequently paper test, and they were never received computer-based test. Since several schools in Banda 

Aceh have implemented national examination based on computer, it needs to familiarize a system with HOTS-

based learning and assessment with the Wondershare Quiz Creator (WQC) computer program. 

The developing questions are expected to be capable to train students to maximize their HOTS, improve 

creativity, and build students' independence to solve problems. This statement is appropriate with Siagian, et al 

(2017) one of the changes needed is the existence of content that demands critical thinking skills that are 

implemented in better problem solving skills. The selection of HOTS-based WQC questions as computer media 
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has several advantages. Aghighi and Motamedi (2013) revealed that compared to other programs WQC is more 

feasible and has many potential that are suitable to meet the requirements of computer-based learning. In addition, 

Hwang et al. (2017) explained that HOTS have been recognized by various government organization concerned 

in education in Singapore, Taiwan and USA. All mentioned countries have been insert HOTS questions in 

learning. HOTS's abilities include critical, logical, reflective, metacognitive and creative thinking (Gojkovab et 

al. 2015).  

HOTS thinking skills are an important aspect in education. Students who are able to think at a high level tend 

to be more successful (Tanujaya et al. 2017). HOTS also motivate students to think with higher level for others 

intellectual skill (Zohar & Cohen, 2016). Jager (2012) also stated that HOTS questions can be used to train 

students to be able for making decision by doing analysis to the questions. The same thing was said by Nguyen 

and Nguyen (2017) that HOTS's ability was able to influence student academic achievement. Heong et al. (2012) 

argue that students who are trained to think HOTS critically often show a positive impact on the development of 

education. This statement was also revealed by Yee et al. (2015) learning styles with HOTS skills are able to train 

students in the teaching and training provided. Lee and Choi (2017) argue that the role of HOTS is important in 

the success of education both in education, academics and in the workplace. This opinion is corroborated by 

Brierton et al. (2016) the development of HOTS questions for students is a very important task for higher 

education. This is because HOTS makes students more prepared for challenges and more creative in solving 

problems. The development of HOTS questions conducted by Susilaningsih et al. (2018) has the characteristics 

of questions that can be used as a feasible problem to measure HOTS students. It can be seen from the very high 

reliable level of the problem she developed. Based on the statement, the developing of HOTS questions with WQC 

program is important to be applied. This is because students can be trained to answer HOTS questions that require 

students to think critically and creatively as independent training for computer-based preparation of national 

examination. 

II. METHOD 

This HOTS type compilation study was designed using R & D development research with the development 

model of Borg & Gall which included ten steps. However, based on Kusuma's research, et al. (2017) this 

development was adapted into seven steps, namely data and information collection, initial planning, initial product 

design, first field trial, initial product revision, field use trials, final product revisions. At the information collection 

stage, an initial analysis of the material to be made in the form of HOTS questions is carried out, analysis of 

concepts by reviewing relevant theories, and formulating learning objectives. At the initial planning stage, the 

basic competence is firstly analyzed using HOTS, compile the grid of questions and choose an interesting and 

contextual stimulus which is accompanied by the answers to each question. Then, the questions were validated by 

3 validators using HOTS item analysis instruments. The sample was 83 students chosen by a random sampling 

system which consisted of three schools including SMAN 3 Banda Aceh, SMAN 11 Banda Aceh, and SMAN 12 

Banda Aceh. The next step is to test the quality of the questions from the students' answers using the Proanaltes 

version 6 exel program (Khaldun, 2017). Analysis of the quality of the questions includes question validity, 

reliability, the level of difficulty of the question, the distinguishing power, the deception index. Teacher and 

student responses to HOTS questions were analyzed using the percentage formula. The flow of research can be 

seen in Figure 1. 
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Fig. 1. Research Flow. 

III. FINDINGS AND DISCUSSION 

A. Developing HOTS Questions  

The question was formulated with a multiple choice model consisting of 20 items. The questions contain an 

interesting and contextual stimulus, and also a choice of answers consisting of one correct answer and the other 

four are answers to the deception. The choice of stimulus on the question must be interesting and can encourage 

students to read. Stimulus contained in the problem must be a stimulus that matches the reality in everyday life. 

Not only that, the stimulus must also be considered the level of compatibility with the questions asked. The 

difference between ordinary questions and HOTS questions generally lies in the material aspects and is contained 

in the stimulus or the basic questions presented contextually (Widana et al. 2018).  

Before the first field trial the questions that had become the initial draft were submitted to three expert 

validators. This validation aims to determine the level of feasibility of HOTS questions that have been developed. 

This assessment is carried out using the question instrument validation sheet. The aspects studied including 

material aspects, problem construction, and language that had been used. The result of validation given by expert 

validator can be seen in Figure 2. 

 
Fig. 2. The percentage of question items analysis. 

Based on Figure 2, it is known that the average percentage gain of three expert validators is 96 which is 

categorized as very feasible for testing. These test results are in line with Kusuma's research, et al. (2017). The 

results of the validation show that the assessment of HOTS instruments developed is effective in measuring 
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students 'HOTS based on students' thinking abilities. Furthermore, to obtain a draft that is worthy of being tested, 

the developing questions must be revised again the level of language use, and the construction used in the problem. 

This revision aims to obtain good items based on suggestions and input from expert lecturers. Some questions 

need to improve sentence editorial, punctuation notation and presentation of stimulus data need to be readjusted. 

The revision of this question is also described in a correct and effective language, so that the understanding is not 

ambiguous. The improvement of the questions before and after revisions can be seen in Table 1. 

Table 1. HOTS Questions description before and after revision. 

No Before Revision After revision 

1. Water is universal substance on earth, thus we were 

frequently postpone its unique characteristics. The most 
prominent characteristic of water is that the solid form is 

less dense than the liquid form. Like a piece of ice cubes 

in Figure 3 floating above the surface of the water in a 
glass. The density of almost all other substances is 

always greater than solid when it is liquid. 

 

 

 Figure 3. Ice cubes floating in water 

Source: https://copycat91.wordpress.com 

 
Thus:  

1. Ice has three dimensional structure, each oxygen 
atom is bind to four hydrogen atom. 

2. The regular three dimensional structure of ice 

prevents molecule to be closed each other.  
3. Ice has empty space on its molecular structure, so 

it has smaller density.  

4. The formation of ice crystal has highly regular 
chain in which hydrogen bond.  

The correct statements according to Figure 3 are … 

A. 1, 2, and 3 
B. 1 and 3 

C. 1 and 2 

D. 3 and 4 
E. 2 and 4 

Water is universal substance on earth, thus we were frequently 

postpone its unique characteristics. The most prominent 
characteristic of water is that the solid form is less dense than the 

liquid form. One of phenomena is described in Figure 4 where the 

ice cubes are floating on water surface. It has correlation with ice 
structure in Figure 5. But, most of chemicals have higher density in 

solid phase than in liquid phase. 

 

 
                    

Thus:  
1. Ice has three dimensional structure, each oxygen atom is 

bind to four hydrogen atom. 

2. The regular three dimensional structure of ice prevents 
molecule to be closed each other.  

3. Ice has empty space on its molecular structure, so it has 
smaller density.  

4. The formation of ice crystal has highly regular chain in 

which hydrogen bond.  

The correct statements according to Figure 4 and 5 are... 

A. 1, 2, and 3 

B. 1 and 3 
C. 1 and 2 

D. 3 and 4 

E. 2 and 4 

2. Boiling point of several compounds of group IVA, VA, 

and VIA is shown in the graph below. 

  

 

Based on graphic above, the compounds which have 
hydrogen bond are … 

A.  (1) and (2) 

B. (1) and (3) 

C. (2) and (3) 

D. (3) and (4) 

E. (5) and (6) 

 

Boiling point is the temperature reached by a liquid when boiling 

which is characterized by the emergence of steam bubbles that can 

be seen directly. Usually, the boiling point of a series of compounds 

containing the same elements increases with increasing molar 

mass. The boiling point of some hydrides of group IVA, VA, and 

VIA is shown in the graph below. 

 

 
Based on graphic above, the compounds which have hydrogen bond 

are … 

A.  (1) and (2) 

B. (1) and (3) 

C. (2) and (3) 

D. (3) and (4) 

E. (5) and (6)   

B. Results of Question Items Analysis 
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The quality of the question can be seen from the index of validity, reliability, distinguishing power, index of 

difficulty, and the function of deception. Analysis of items was carried out after the problem was completed. This 

analysis uses student answers and will be analyzed quantitatively using the ProAnaltes excel program. This 

program facilitates the calculation of the item analysis formula and has high accuracy (Khaldun, 2017). 

1) Validity of Question Items 

The results obtained based on students' answers obtain high validity results. This is based on the question 

validity test data which can be seen in Table 2. 

Tabel 2. Results on validity of question items. 

Question Number rxy Value Category Information 

1 0,459 Sufficient Valid 

2 0,036 Very low Invalid 

3 0,144 Very low Invalid 

4 0,526 Sufficient Valid 

5 0,377 Low Valid 

6 0,325 Low Valid 

7 0,480 Sufficient Valid 

8 0,815 Very high Valid 

9 0,661 High  Valid 

10 0,497 Sufficient Valid 

11 0,406 Sufficient Valid 

12 0,524 Sufficient Valid 

13 0,842 Very high Valid 

14 0,746 High Valid 

15 0,754 High Valid 

16 0,641 High Valid 

17 0,134 Very low Invalid 

18 0,469 Sufficient Valid 

19 0,232 Rendah Valid 

20 0,472 Cukup Valid 

According to Sudijono (2015) the questions will be valid when reached category very high, high, and sufficient, 

whereas low categories for invalid questions. Therefore, information in Table 2 shows the valid questions are 17 

items or 85%, while invalid questions are 3 questions or 15% invalid questions are in questions number 2, 3, and 

17. Based on the results of the Pro-analtes the reasons for the questions that were discarded were in the prediction 

B which included one of them among the following prediction. First, students guess because the items are wrong 

or uninformed. Second, the measured competency is unclear. Third, the item has more than one correct answer.  

2) Question Reliability 

Based on the results of the analysis of the questions developed, it obtained reliability of 0.848 with a very high 

category. It can be seen that the questions that have been tested have a very good reliable level which means the 

level of consistency is very high. 

Therefore, the questions that have been developed are worthy of being used as practice questions to improve 

students' thinking skills. As revealed by Hidayat, et al. (2018) Developed enrichment instruments were declared 

effective for measuring creative thinking and problem solving skills that students saw by analyzing creative 
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thinking and problem solving skills. This was confirmed by Susilaningsih, et al. (2018) based on the acquisition 

of very high reliability questions HOTS questions can be used as an exercise to train students' high reasoning. 

3) Analysis on Question Index of Difficulty 

Yusrizal (2016) says a good question is a problem which has moderate index of difficulty, and it is mean the 

questions are not too difficult and not too easy. Based on the results of the analysis using ProAnaltes it was found 

that there were several questions included in the index being difficult and easy. For more clarity the success rate 

index of developing questions can be seen in Table 3. 

Table 3. Analysis for index of difficulty. 

Question Number 
Index of Difficulty 

Index of P Category 

1 0,506 Quite difficult 

2 0,518 Quite difficult 

3 0,566 Quite difficult 

4 0,289 Difficult 

5 0,313 Quite difficult 

6 0,578 Quite difficult 

7 0,506 Quite difficult 

8 0,687 Quite difficult 

9 0,542 Quite difficult 

10 0,530 Quite difficult 

11 0,506 Quite difficult 

12 0,663 Quite difficult 

13 0,639 Quite difficult 

14 0,711 Easy 

15 0,663 Quite difficult 

16 0,627 Quite difficult 

17 0,506 Quite difficult 

18 0,675 Quite difficult 

19 0,193 Difficult 

20 0,253 Difficult 

Based on Table 3, it can be seen that there are three questions in difficult categories including questions number 

4, 19, and 20. Problems that get index difficulties with easy categories are 5%, quite difficult categories are 80%, 

and difficult categories are 15%. 

4) Distinguishing Power of Question Items 

The test for distinguishing power of question items using proanaltes obtained results as shown in Table 4 below. 

Table 4. Test of Distinguishing Power using Proanaltes 

Question Number 
Distingushing Power 

D Value Category Information 

1 0.636 Good Approved 

2 0.000 Not good Rejected 

3 0.227 Good enough Revised 

4 0.591 Good Approved 

5 0.500 Good Approved 

6 0.545 Good Approved 

7 0.591 Good Approved 
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Question Number 
Distingushing Power 

D Value Category Information 

8 0.909 Very good Approved 

9 0.818 Very good Approved 

10 0.591 Good Approved 

11 0.500 Good Approved 

12 0.636 Good Approved 

13 0.955 Very good Approved 

14 0.818 Very good Approved 

15 0.864 Very good Approved 

16 0.818 Very good Approved 

17 0.091 Good enough Rejected 

18 0.591 Good Approved 

19 0.273 Good enough Revised 

20 0.409 Good Approved 

Based on Table 4, it can be seen that there are four categories of differentiation based on the index obtained. 

Among twenty questions tested, there were 16 questions that met good criteria and were so good that the questions 

did not need to be revised or accepted for good test questions. Whereas the questions that need to be corrected are 

in questions number 3 and 19 which means that the distinguishing powers obtained are only in sufficient 

categories. Questions that have different powers with low categories are found in the number questions 2 and 17. 

Therefore, it is necessary to repair the questions that have not met the distinguishing power. While the questions 

that meet the power index are different and received as much as 80% of the total test. 

5) Quality of Tricky  

Based on the analysis using ProAnaltes, it can be seen that there are 7 deceivers who do not function from the 

total number of deceivers provided as many as 80 out of 20 questions. Deception options that do not function are 

in questions number 4, 8, 12, 14, 16, 18, and 20. This is because the percentage of items provided is not chosen 

up to 5% by the test participant. As revealed (Sudijono, 2015), the deception was said to function if the test 

participant selected at least 5% of all test participants. So based on the percentage, it can be seen that the number 

of functioned jabawan is 91.25, while the perverse answer that is not chosen by the test takers is 8.75%. 

A. Teacher Responses 

The questionnaire provided to the teachers contained twelve questions which included the use of the HOTS 

problem using the WQC computer program. Filling out the teacher questionnaire in this study using the Likert 

scale 1-4 with the category strongly agree, agree, disagree and strongly disagree. Based on the results of the 

analysis it can be seen that the average percentage is 90.33 with a very good category.  

B. Student Responses  

Students' responses to HOTS-based WQC problems were obtained by giving questionnaires in the form of 

Likert scale with the categories strongly agree, agree, disagree and strongly disagree. The average responses of 

students from three schools in Banda Aceh amounted to 82.73 in a very good category. The elaboration of each 

percentage, the results of the questionnaire on SMAN 3 obtained an average yield of 82.10 with a very good 

category. For SMAN 11 the percentage is 81.51 with a very good category. While the percentage of student 
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responses in SMAN 12 was 84.57 with a very good category. Based on the percentage of the three schools, it can 

be concluded that the questions developed can help students in the practice of high-level thinking problems and 

students' creativity in answering computer-based questions. 

IV. CONCLUSIONS 

Based on results, it can be concluded that: 

1) Quality of HOTS questions among senior high schools in Banda Aceh for chemical bonding material obtained 

high validity results with acquisition of 85% of the questions included valid, reliability level of 0.848 with 

very high categories, questions that easily obtained difficulty indexes as much as 5%, medium category as 

much as 80%, and difficult category as many as 15, different power indexes with good categories and received 

as much as 80% of the total test, deceitful questions that functioned as much as 91.25%, while fraudsters who 

were not selected by the test participants were 8 75%. 

2) The responses of high school teachers to HOTS questions that have been developed obtained a percentage of 

90.33 with a very good category. 

3) Students' responses to HOTS type questions that have been developed from three schools in Banda Aceh 

reached the percentage of 82.73 in a very good category. 
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