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Abstract:  Higher-Order Thinking Skills (HOTS) based questions can train students to develop 
their reasoning power. Therefore, this study aimed to obtain a HOTS-based test instrument in a 
feasible computer-based exam on the topic of rotational dynamics and rigid body balance. The 
research method used in this development research is 4-D, consisting of four stages: define, 
design, develop, and disseminate. The result of this research is the HOTS-based test instrument 
in a computer-based test that is feasible on the material of rotational dynamics and rigid body 
balance that meets the validity requirements of material experts and media experts with the lowest 
V index value of 0.58 and the highest V index value equal to 0.83. The average percentage of the 
total validation score of material experts obtained was 77.78%, and media experts was 79.44%. 
Overall, the test instrument has a total media validation score of 78.61%, so that the computer-
based HOTS test instrument with testing based on rotational dynamics and rigid body balance is 
categorized as valid and ready to use. 
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Given the 2013 curriculum, the learning 
process of students was intended to develop the 
potential possessed by students from various 
aspects, namely attitudes (affective), knowledge 
(cognitive), and skills (psychomotor). The learning 
process in the 2013 curriculum was student-
centered or center learning, so that students are 
required to be active in finding and finding answers 
to the problems they face in the learning process, 
which makes students trained in higher-order 
thinking skills (HOTS) (Rizki et al., 2020). 

Students who have low-level thinking skills 
without higher-order thinking exercises cause the 
learning process of students to be incomplete (Yee 
et al., 2015). Therefore, it takes an instrument that 
can be used by students to improve higher-order 
thinking skills. The instrument is in the form of a 
test whose completion requires higher-order 
thinking skills or what we are more familiar with 
HOTS-based tests (Heong et al., 2012). 

In compiling a test, material selection is of 
course the main thing. The material of rotational 
dynamics and rigid body balance is very closely 
related to logical thinking in everyday life. This of 
course can stimulate students in improving higher-
order thinking skills. Based on the author's 

observations on the year-end assessment test 
questions, questions regarding the rotational 
dynamics and rigid body balance materials 
generally only make students look for the value of 
an object. There were no questions that make 
students analyze or assess a case or statement. In 
general, the questions used by schools in Indonesia 
as a cognitive assessment instrument were questions 
that tend to aim to test more aspects of memory 
(Kusuma et al., 2017; Subagiyadi et al., 2020). 
Meanwhile, the questions intended to train students' 
higher-order thinking skills are very limited. 
Therefore, it is necessary to develop questions or 
test instruments that can measure students' higher-
order thinking skills. 

There have been many previous studies that 
have developed HOTS-based questions, but the 
instrument is still conventional, such as the 
development of the HOTS assessment instrument to 
measure the dimensions of students' science 
knowledge in junior high schools conducted by 
Julianingsih et al. (2017), the development of the 
2013 curriculum-based HOTS assessment 
instrument for the disciplined attitude carried out by 
Pratiwi & Fasha. (2015), or the development of the 
mathematics learning outcomes test instrument for 



Agustian, Developing of Hots Test Instruments in Computer-Based Exams on Rotational Dynamics and Rigid Bodies 73 

 
 

elementary school students oriented to higher-order 
thinking conducted by Ndiung & Jediut (2020), and 
many other similar studies, but still rarely develop 
it in the form of computer-based questions. 

Along with the times, especially in the field 
of technology and information, the test format has 
also developed. Especially in the current COVID-
19 pandemic conditions, all learning activities 
including exams were carried out online (daring). 
The exam format which was originally conventional 
(paper test) began to shift into a form of electronic 
questions based on computers and the internet. 
Therefore, the research on instrument development 
in the form of developing HOTS-based test 
instruments in computer-based exams is considered 
to be one solution in keeping up with existing 
technological developments, with case studies on 
rotational dynamics and rigid body balance 
material, which were tested on XI grade high school 
students. 

METHOD 
The research method used to develop the 

HOTS-based test instrument in computer-based 
exams on the material of rotational dynamics and 
rigid body balance is the research and development 
(R&D) method. In conducting research, researchers 
do not need a special place to conduct research. The 
facilities needed in this research were only in 
computers, books, scientific journals, and internet 
access. The research model used in this 
development research was 4-D. The 4-D 
development model consists of several stages, 
namely: (1) define, (2) design, (3) development, and 
(4) disseminate. However, in this study, researchers 
only arrived at the third stage, namely development. 

The data collection method was used a 
product evaluation questionnaire. The questionnaire 
collects data through researchers asking written 
questions and then answering with written answers. 
The questionnaire was used as a parameter of the 
feasibility of the HOTS-based test instrument in a 
computer-based test on the rotational dynamics and 
rigid body balance material developed by the 
researcher. In addition, the questionnaire can also be 
used as a source of improvement from the HOTS-
based test instrument in a computer-based test on 
rotational dynamics and rigid body balance material 
developed by the researcher. The questionnaires 
were given to two research subjects, namely 
material experts and media experts, each of which 
consisted of five experts. 

The research data were analyzed using 
descriptive analysis. The material expert and media 
expert validation sheets during product testing were 
used to provide quality criteria for the developed 
product and to revise the developed test instrument. 
Expert validation questionnaires were arranged with 
an interval scale of 1 to 5. The quantitative data was 
converted into qualitative data. Validation data 
analysis was carried out by finding the Aiken V 
index using the equation: 

𝑉𝑉 = ∑𝑠𝑠
𝑛𝑛(𝑐𝑐−1)

   (1) 

Where V is the agreement index of the 
validator regarding item validity; s score obtained 
from the validator minus the lowest score in the 
category used (s = r – lo, where r = score obtained 
from the validator and lo the lowest score in the 
scoring category); n number of validators; and c the 
number of categories that can be selected by the 
validator. The V index was between 0-1. An item or 
device can be categorized based on its large index. 
If the index was less or equal to 0.4 then the validity 
was less, if the value was between 0.4–0.8 then the 
validity was moderate, and if it was greater than 0.8 
then it was very valid (Retnawati, 2016). 

Furthermore, based on the data from the 
results of the validity assessment of the instrument, 
the average value of the indicators given by each 
validator was determined. 

 
Rating of the nth validator: 

𝑉𝑉𝑎𝑎−𝑛𝑛 = 𝑇𝑇𝑇𝑇𝑒𝑒−𝑛𝑛
𝑇𝑇𝑇𝑇ℎ

× 100% (2) 

Average validation total score: 

𝑉𝑉𝑡𝑡 = 𝑉𝑉𝑎𝑎−1+𝑉𝑉𝑎𝑎−2+𝑉𝑉𝑎𝑎−3
3

  (3) 

𝑉𝑉𝑎𝑎−𝑛𝑛  = the value obtained from the nth validator 
𝑇𝑇𝑇𝑇𝑒𝑒  = total score obtained from the nth validator 
𝑇𝑇𝑇𝑇ℎ  = max total score 
𝑉𝑉𝑡𝑡  = average validation total score 
 

The total mean value of (𝑉𝑉𝑡𝑡) was referred to 
the interval determining the level of validity of the 
test instrument as shown in Table 1. 
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Table 1. Expert Validation Criteria 
No. Percentage (%) Remarks 
1 81% - 100% Very valid 
2 61% - 80% Valid 
3 41% - 60% Quite valid 
4 21% - 40% Invalid 
5 0% - 20% Very invalid 

RESULTS AND DISCUSSION 
Results 

The product produced in this development 
research is the HOTS test instrument as a computer-
based test item on the material of rotational 
dynamics and rigid body balance. The validation 
results from material experts and media experts are 
presented in Tables 2 and 3, while the average 
validation from the two experts can be seen in Table 
4. The display of product development results 
before and after revision can be seen in Figures 1 
and 2. 

Table 2. Material Expert Validator Assessment 
Results 

No. Assessment Aspect Aiken V Index 
Content Eligibility 

1 Conformity with core and 
basic Competencies 

0.75 

2 The truth of the material 
presented 

0.83 

3 Homogeneous and logical 
answer choices 

0.83 

4 Conformity with higher-
order thinking aspects 

0.75 

5 Relevance to everyday 
problems 

0.67 

Language 
6 The language used meets the 

readability aspect 
0.75 

7 Conformity with Indonesian 
language rules 

0.75 

8 The simplicity of sentence 
structure 

0.75 

9 The communicative nature of 
the language used 

0.58 

Presentation 
10 Time allocation according to 

the number of questions 
0.67 

11 Have complete information 0.58 
12 Picture/illustration according 

to the purpose of the 
question  

0.75 

Table 3. Media Expert Validator Assessment Results 
No. Assessment Aspect Aiken V Index 

Graphics 
1 llustration support to clarify 

activities 
0.67 

2 Have visual appeal 0.58 
3 Have a clear view 0.75 
4 ayout space setting 0.75 
5 Compatibility of font type 

and size 
0.83 

6 mage clarity 0.67 
7 Clarity of formula writing 0.75 

Presentation 
8 resented in an attractive 

way 
0.67 

9 Have complete information 0.75 
10 Easy to understand 0.83 
11 rovides a visual boost 0.83 

Use 
12 Easy to use 0.75 
13 Compatibility (the 

instrument can run on 
various devices) 

0.75 

Table 4. Average Result of Expert Validation 
Total Score 

Aspect Average Criteria 
Material 77.78% Valid 

Media 79.44% Valid 
Total 78.61% Valid 

 
Figure 1. Display of the initial design of the test 

instrument
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Figure 2. Instrument display after revision 

DISCUSSION 
The results of the development of the 

HOTS test instrument as a computer-based exam on 
the material of rotational dynamics and rigid body 
balance have been validated by material experts and 
media experts, with the results as shown in Tables 2 
and 3. Based on the data obtained with an average 
of 77.78% and 79.44% (Table 4), indicating that 
both values are in the valid category. This shows 
that the instrument that has been developed can be a 
choice for computer-based exams to measure 
students' higher-order thinking skills, especially in 
the matter of rotational dynamics and rigid body 
balance. The instruments developed were valid both 
materially and from a media perspective. The results 
of this study support the statement Szymkowiak et 
al. (2021) which states that in the era of increasingly 
advanced technology as it is today, the form of test 
instruments must be computer-based, especially in 
the current state of the COVID-19 pandemic. Zohar 
(2013) and Kwangmuang et al. (2021) also reveal 
that it is important to develop HOTS test questions, 
as a way of thinking at a higher level than 
memorizing or retelling something that has been 
told by others, so that with HOTS the ultimate goal 
of learning activity can be achieved. achieved 
through the approach, process, and method of 
learning itself. 

Three aspects were assessed in terms of 
material, namely aspects of content feasibility, 
linguistic aspects, and aspects of the presentation. 
The results of the assessment by the material expert 
validator for each aspect studied were presented in 
Table 2. The aspect with the highest score is 
obtained in the truth section of the material 
presented and the answer choices were 
homogeneous and logical with a V Aiken index of 
0.83. This is the strength of the developed 
instrument. In line with the theory of truth in a 
philosophical perspective as expressed by Atabik 
(2014) that it is important to put forward a truth 
value in all aspects, including the transfer of 
knowledge from educators to students. Meanwhile, 
in terms of homogeneous and logical answer 
choices, it is also by the guidelines for making test 
instruments in general. The aspect with the lowest 
score is in the communicative nature of the language 
used and the completeness of information with a V 
Aiken index of 0.58. However, both aspects have 
been improved by adding instructions for doing the 
questions as shown in Figure 2. 

In the material expert validation, there are 
three aspects that were assessed, namely the aspect 
of content feasibility with five assessment points, 
the linguistic aspect with four assessment points, 
and the presentation aspect with three assessment 
points. Thus there are twelve items that must be 
assessed by the material expert validator. In the 
aspect of content feasibility, there are three 
assessment items with moderate validity, namely on 
the item relationships with everyday problems with 
an index V of 0.67. Then the other two items, 
namely the item conformity with core and basic 
competencies and conformity with higher-order 
thinking aspects obtained an index V of 0.75. 
Furthermore, for the highest V index of 0.83 on the 
items "truth of the material presented and 
homogeneous and logical answer choice items. The 
two items are categorized as very valid because the 
value of the V index is greater than 0.8. In all items 
of the content feasibility aspect, the researcher did 
not make changes because there were no items that 
had a low level of validation and there was also no 
suggestion from the validator to replace some 
questions so that the researchers considered that the 
content feasibility aspect was appropriate. 

In the linguistic aspect, all the assessment 
items have moderate validity because the index 
value is between 0.4-0.8. The lowest index in the 
linguistic aspect is owned by the item 
"communicative nature of the language used" with 
a V index value of 0.58. Furthermore, the other three 



76 JPP: JURNAL PENDIDIKAN DAN PEMBELAJARAN, VOLUME 28-ISSUE 2, OCTOBER 2021 

assessment items have a V index of 0.75 which is 
owned by the items the language used meets the 
readability aspect, compatibility with Indonesian 
language rules, and simplicity of sentence structure. 
Similar to the content feasibility aspect, the 
linguistic aspect did not make any changes. 

In the aspect of presenting all assessment 
items, the validity results are moderate because the 
index value is between 0.4-0.8. In the assessment 
aspect, there are three assessment items, each of 
which has a different V index value. The item 
allocation of time according to the number of 
questions has a V index value of 0.67, the item has 
complete information" has a V index value of 0.58, 
and the item pictures/illustrations according to the 
purpose of the question has the highest V index 
value, of 0.75. In this aspect of the presentation, the 
researcher made many revisions to the instrument. 
The revisions made by the researchers included 
changing the time for working on the questions 
based on the level of difficulty of the questions, 
adding a page of instructions for working on the 
questions before entering the first question, and 
some adjustments to the pictures/illustrations. 

In terms of media expert validation, three 
aspects were reviewed, namely aspects of graphics, 
presentation, and use. The highest index is in the 
aspect of graphics and presentation with elements of 
the suitability of type and size of letters, ease of 
understanding, and visual encouragement with a V 
Aiken index value of 0.83. Visual attractiveness is 
the element with the lowest V Aiken index with a 
value of 0.58. This has been overcome by adding a 
lighter color variation, which was previously brown 
(Figure 1), after being revised to a combination of 
blue, yellow, and red with white writing as shown 
in Figure 2. Therefore, it is important to make an 
interesting learning product, including one in terms 
of design and visual color combinations. Nurseto 
(2011) and Fatihah et al. (2020) also said that an 
interesting product can be a stimulus for its users, in 
this case, students. 

In media expert validation there are three 
aspects that were assessed, namely the graphic 
aspect with seven assessment points, the 
presentation aspect with four assessment points, and 
the usage aspect with two assessment points. Thus 
there were thirteen items that must be assessed by 
media expert validators. In the graphic aspect, there 
is one item that is included in the very valid category 
with a V index value of 0.83, namely on the item 
suitability of type and font size. Then the remaining 
six items are in the category of moderate validity. In 
the medium category, there is one item that has the 

lowest index value of 0.58 on the item has visual 
appeal. This item has the lowest index value 
because according to the validator the background 
used in the instrument is not attractive or does not 
match the expectations of the validator, therefore 
the researcher changes the background of the 
instrument to be more colorful and attractive. 
Furthermore, on the item clarity of images and 
illustration support to clarify activities, obtaining an 
index of 0.67 is because there are some 
images/illustrations that are not clear. Therefore, the 
researcher made changes to some 
pictures/illustrations and made pictures/illustrations 
according to the background used. Then the last 
three items, namely the item has a clear appearance, 
layout space arrangement and clarity in formula 
writing have a V index value of 0.75. In these three 
items, the researcher did not make any changes 
because they were deemed appropriate, as 
evidenced by the value of the V index almost 
touching the very valid category. 

In the presentation aspect, there are two 
assessment items with very valid categories so that 
the researcher considers no changes to these items 
are needed. The assessment points in question are 
the items easy to understand and providing visual 
encouragement which have a V index value of 0.83. 
Furthermore, on the item has complete information 
with a V index value of 0.75, the researcher did not 
make changes, only moved the information display 
to the initial page of the instrument in accordance 
with the suggestions from the validator. Then the 
item presented in an attractive way has a V index 
value of 0.67 this is because the instrument 
developed by the researcher has a monotonous 
background color composition so that changes must 
be made, namely by changing the background. 

In the presentation aspect, namely on the 
items easy to use and compatibility (the instrument 
can be run on various devices), all compact 
validators gave the same value, namely 4 which 
means valid, so the researcher did not make changes 
to these aspects because all items had an Aiken 
index value of V of 0.75. Overall, the HOTS-based 
test instrument in the computer-based test on 
rotational dynamics and rigid body balance material 
has an average total validation score of 78.61% in 
the valid or usable category but needs minor 
revisions. The suitability of the questions with the 
purpose of developing the instrument, the truth of 
the material presented, being easy to understand, 
and having visual encouragement are some of the 
factors that cause the validity of the test instrument. 
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Based on the results of the validation of 
material experts and media experts, the total average 
validation score for the HOTS-based test instrument 
in computer-based exams on rotational dynamics 
and rigid body balance material as a whole is 
78.61% with valid categories as shown in Table 4. 
The results concluded that the HOTS-based test 
instrument in the computer-based test on the 
rotational dynamics and rigid body balance material 
developed was classified as good. This is because 
the instrument preparation process is carried out by 
the stages such as initial analysis, material analysis, 
formulating goals, compiling grids, following 
questions, making instruments so that they can 
produce HOTS-based test instruments in computer-
based exams on rotational dynamics and balance 
material. appropriate rigidity. In addition, with 
several revisions that have been made by 
researchers based on suggestions from experts, the 
test instruments developed are better, so that the 
HOTS-based test instruments in computer-based 
tests on the material of rotational dynamics and rigid 
body balance are feasible and ready to be used. 

CONCLUSION 
Based on the results of the research and 

discussion, it can be concluded that the results of 
this study are that the HOTS-based test instrument 
in a computer-based test is feasible on the material 
of rotational dynamics and rigid body balance. The 
instrument has met the validity requirements of 
material experts and media experts with the lowest 
V index value of 0.58 and the highest V index value 
of 0.83. Furthermore, the average percentage of the 
total score of material expert validation obtained is 
77.78%, and media expert is 79.44%, and overall, 
the test instrument has an average total validation 
score of 78.61%. Thus, the HOTS-based test 
instrument in the computer-based test on the 
material of rotational dynamics and rigid body 
balance is in the valid category and is ready to be 
used. 

REFERENCES 
Atabik, A. (2014). Teori Kebenaran Perspektif Filsafat 

Ilmu: Sebuah Kerangka Untuk Memahami 
Konstruksi Pengetahuan Agama. Fikrah, 2(1), 
253–271. 

Fatihah, S.H., Mulyaningsih, N.N. & Astuti, I.A.D. 
(2020). Inovasi Bahan Ajar Dinamika Gerak 
dengan Modul Pembelajaran Berbasis 
Discovery Learning. Jurnal Pendidikan Fisika 
dan Teknologi, 6(2), 175–182. 

Heong, Y.M., Yunos, J.M., Othman, W., Hassan, R., 
Kiong, T.T. & Mohamad, M.M. (2012). The 
Needs Analysis of Learning Higher Order 
Thinking Skills for Generating Ideas. Procedia 
- Soc. Behav. Sci., 59, 197–203. 

Julianingsih, S., Rosidin, U. & Wahyudi, I. (2017). 
Pengembangan instrumen asesmen HOTS 
untuk mengukur dimensi pengetahuan IPA 
siswa di SMP. Jurnal Pembelajaran Fisika, 
5(3), 59–68. 

Kusuma, M.D., Rosidin, U., Abdurrahman, A. & 
Suyatna, A.  (2017). The Development of 
Higher Order Thinking Skill (HOTS) 
Instrument Assessment in Physics Study. IOSR 
J. Res. Method Educ., 7(1), 26–32. 

Kwangmuang, P., Jarutkamolpong, S., Sangboonraung, 
W. & Daungtod, S. (2021). The development of 
learning innovation to enhance higher order 
thinking skills for students in Thailand junior 
high schools. Heliyon, 7(6), e07309. 
https://doi.org/10.1016/j.heliyon.2021.e07309. 

Ndiung, S. & Jediut, M. (2020). Pengembangan 
Instrumen Tes Hasil Belajar Matematika Peserta 
Didik Sekolah Dasar Berorientasi pada Berpikir 
Tingkat Tinggi. Premiere Educandum: Jurnal 
Pendidikan Dasar dan Pembelajaran, 10(1), 
94–111. 
http://dx.doi.org/10.25273/pe.v10i1.6274. 

Nurseto, T. (2011). Membuat Media Pembelajaran yang 
Menarik. Jurnal Ekonomi dan Pendidikan, 8(1), 
19–35. https://doi.org/10.21831/jep.v8i1.706. 

Pratiwi, U. & Fasha, E.F. (2015). Pengembangan 
Instrumen Penilaian HOTS Berbasis Kurikulum 
2013 Terhadap Sikap Disiplin. Jurnal 
Penelitian dan Pembelajaran IPA, 1(1), 123–
142. http://dx.doi.org/10.30870/jppi.v1i1.330. 

Retnawati, H. (2016). Analisis Kuantitatif Instrumen 
Penelitian (Panduan Peneliti, Mahapeserta 
Didik, dan Psikometrian). Yogyakarta: Parama 
Publishing. 

Rizki, M., Sulastri & Mursal. (2020). The development 
of higher order thinking skills (HOTS) questions 
for static fluid concept. J. Phys. Conf. Ser., 
1460(1). 

Subagiyadi, P., Bhakti, Y.B. & Mulyaningsih, N.N. 
(2020). Pengaruh Metode Pembelajaran Inquiry 
Pictorial Riddle Terhadap Hasil Belajar Fisika 
Pada Sekolah Menengah Atas Negeri 85 
Jakarta. Navigation Physics: Journal of Physics 
Education, 2(1), 41–46. 

Szymkowiak, A., Melović, B., Dabić, M., Jeganathan, K. 
& Kundi, G.S. (2021). Information technology 
and Gen Z: The role of teachers, the internet, and 
technology in the education of young people. 
Technology in Society, 65, 101565. 
https://doi.org/10.1016/j.techsoc.2021.101565. 

Yee, M.H., Yunos, V, Othman, W., Hassan, R., Tee, T. 
K. & Mohamad, M. M. (2015). Disparity of 
Learning Styles and Higher Order Thinking 

https://doi.org/10.1016/j.heliyon.2021.e07309
http://dx.doi.org/10.25273/pe.v10i1.6274
https://doi.org/10.21831/jep.v8i1.706
http://dx.doi.org/10.30870/jppi.v1i1.330
https://doi.org/10.1016/j.techsoc.2021.101565


78 JPP: JURNAL PENDIDIKAN DAN PEMBELAJARAN, VOLUME 28-ISSUE 2, OCTOBER 2021 

Skills among Technical Students. Procedia - 
Soc. Behav. Sci., 204, 143–152. 

Zohar, A. (2013). Challenges in wide scale 
implementation efforts to foster higher order 

thinking (HOT) in science education across a 
whole school system. Thinking Skills and 
Creativity, 10, 233–249. 
https://doi.org/10.1016/j.tsc.2013.06.002.

https://doi.org/10.1016/j.tsc.2013.06.002

