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Kemampuan berpikir tingkat tinggi merupakan salah satu keterampilan
yang diperlukan di abad ke-21. Penelitian ini bertujuan untuk
mengembangkan instrumen tes pilihan ganda dan essay untuk
mengukur Higher Order Thinking Skills (HOTS) peserta didik pada
materi laju reaksi. Penelitian ini menggunakan metode Research and
Development (R & D) dengan model pengembangan ADDIE (Analysis,
Design, Development, Implementation, dan Evaluation). Responden
dalam penelitian merupakan 150 siswa kelas XII MIPA yang telah

mendapatkan pembelajaran materi laju reaksi. Hasil validitas isi produk
menunjukkan instrumen soal 92,01% valid dengan kategori sangat
baik. Hasil validitas empirik menunjukkan bahwa sebanyak 20 butir
soal pilihan ganda dan 8 butir soal essay valid dan memiliki reliabilitas
yang tinggi dengan nilai Cronbach Alpha soal pilihan ganda 0,723 dan
soal essay 0,736. Daya beda butir soal dari kedua tipe soal
dikategorikan sangat baik dengan 20 butir soal pilihan ganda
dikategorikan sedang, sedangkan pada soal essay 1 butir soal
dikategorikan mudah dan 7 soal dikategorikan sedang. Selanjutnya
instrumen soal yang telah dikembangkan dapat digunakan untuk
mengukur HOTS peserta didik.

HOTS, bloom’s taxonomy, test
instrument, reaction rate

[@Nolel

This is an open access article under the CC BY-
SA license.

Copyright ©2022 by Author. Published by
Universitas Pendidikan Ganesha.

ABSTRACT

One of the efforts that can be support students in developing 21st century skills is to implement
learning based on 21st century skills. In addition, another alternative that can be taken is to create,
direct, and provide HOTS-based test instruments as an evaluation of learning. This study aims to
develop multiple choice test instruments and essays to measure learners' Higher Order Thinking Skills
(HOTS) on reaction rate materials. This research uses the Research and Development (R & D)
method with the ADDIE (Analysis, Design, Development, Implementation, and Evaluation)
development model. The respondents in the study were 150 students of class Xl MIPA one of the
high schools who had received learning material on reaction rate. The results of the validity of the
product contents show that the question instrument is 92.01% valid with an excellent category. The
results of empirical validity show that as many as 20 items of multiple-choice questions and 8 items of
essay questions are valid and have high reliability with Cronbach Alpha scores of multiple-choice
questions of 0.723 and essay questions of 0.736. The difference between the question items from the
two types of questions is categorized very well with 20 items of multiple-choice questions categorized
as moderate, while in essay questions, 1 question is categorized as easy and 7 questions are
categorized as moderate. Furthermore, the question instruments that have been developed can be
used to measure the HOTS of students.

1. INTRODUCTION

21st century skills are an invaluable soft skills asset and these skills are a must-have for everyone,
especially in 21st century learners who will face stiff competition in 2045 when demographic bonuses
occur. Assessment and Teaching of 21st Century Skills (ATC21S) organizes 21st century skills into four
categories, namely ways of thinking, ways of working, tools for working and skills for living in the world.
Assessment and Teaching of 21st Century Skills (ATC21S) organizes 21st century skills into four categories,
namely ways of thinking, ways of working, tools for working and skills for living in the world. One of the

*Corresponding author

E-mail addresses: sri.rahayu.fmipa@um.ac.id (Zelen Surya Minata)


mailto:sri.rahayu.fmipa@um.ac.id
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

Jurnal Pendidikan Indonesia Vol. 11, No. 4, Tahun 2022, pp. 742-752 743

skills that are indispensable in the 21st century by these learners is the Ways of thinking skills which
include critical, creative, and high order thinking skills (Aslamiah et al,, 2021; Sulaiman & Ismail, 2020).
Furthermore, previous study explained that there are five important components in 21st century skills,
including critical thinking, creative thinking, cooperation, motivation, and metacognitive (Lai & Viering,
2012). Critical, creative, and high order thinking are essential to be trained and developed in students in
21st century learning. However, current conditions show that the 21st century skills possessed by students
in Indonesia are still low (Amran et al., 2019; Dinni, 2018). This is supported by data from the Programme
for International Student Assessment (PISA) in 2018 which shows that the results of the science literacy
assessment of students in Indonesia are ranked 74t out of 79 country participants (Chamisah, 2017;
Fadillah & Ni'mah, 2019). Therefore, learning innovations are needed that can facilitate learners to
develop 215t century skills. One of the efforts that can be support students in developing 21st century skills
is to implement learning based on 21st century skills. In addition, another alternative that can be taken is
to create, direct, and provide HOTS-based test instruments as an evaluation of learning (Heong et al.,
2012; Ichsan et al., 2020). This information supported by research who explained that the formation of
HOTS-based questions as a method for training teacher competencies and measuring the level of high-
level thinking ability of students (Kusuma et al., 2017). Teachers are required to be able to have good
competence in terms of compiling HOTS questions that are relevant to problems in everyday life. But in
reality, there are still many teachers who do not integrate life phenomena in the evaluation questions so
that they cannot facilitate students to develop their cognitive skills (Klosterman & Sadler, 2010; Sepriyanti
etal, 2022).

HOTS is one of the ultimate goals to be achieved by the national education system which is
described in the 2013 curriculum. In general, cognitive processes are divided into two levels, namely
Lower Order Thinking Skills (LOTS) and Higher Order Thinking Sklls (HOTS). HOTS focuses on developing
students' ability to analyze evaluating, drawing conclusions, and synthesizing new information
(Brookhart, 2010; Kamin et al,, 2015). HOTS is the ability to think that does not just remember (recall),
restate (restate), or refer without processing. Based on Bloom's taxonomy that explains that HOTS
generally measures the ability of the realm to analyze (analyzing/ C4), evaluate (evaluating/C5), and
creating/(C6) (Anderson et al,, 2001; Susiaty & Oktaviana, 2019). C6 is the highest cognitive level of the
HOTS question instrument because it requires students to be able to think creatively in finding solutions
to a problem (Chalkiadaki, 2018; Damaianti et al., 2020). In general, the hope of the Higher Education
Entrance Test Institute (LTMPT) to hold a Computer-Based Written Examination (UTBK) can be a
prediction related to the ability of prospective students to be able to complete their studies on time in
college well. Recently was found that participants in the Computer-Based Writing Examination (UTBK)
complained about the difficulty of chemistry subjects, especially in reaction rate materials because the
level of difficulty of the questions increased and applied Higher Order Thinking Skills (HOTS) (Harta et al,,
2020; Sarah et al., 2021). This difficulty can be caused by students who are not familiar with doing
chemistry questions based on HOTS (Mahanal, 2019; Narayanan & Adithan, 2015). Therefore, it is
necessary to have an assessment instrument that focuses on assessing Higher Order Thinking Skills
(HOTS) on chemistry questions applied to students. The application of the HOTS assessment instrument
is an alternative for teachers in training and measuring the level of students' high-level thinking ability
(Damaianti et al., 2020; Nugraha et al., 2020).

The implementation of high-level thinking in chemistry subjects that contain macroscopic,
microscopic, and symbolic levels can be done by applying chemistry questions that are often done by
students at school, one of which is in reaction rate material that is closely related to daily life. In general,
students' understanding at the submicroscopic level of reaction rate material is still low when compared
to the level of understanding of other chemical representations (Handayanti et al,, 2015; Reza et al., 2021).
It can be interpreted that the understanding of reaction rate matter at the submicroscopic level involves
atoms, ions, and molecules that cannot be observed with the naked eye so that critical thinking skills are
needed to understand them. Previou stsudy state reaction rate has four submaterials which include the
concept of reaction rate, collision theory, factors affecting the reaction rate, order and reaction rate
equation (Hakimah et al, 2021). The characteristic of reaction rate topic is focuses on understanding
concepts, calculations, and is applicative. Furthermore, reaction rate is also one of the chemical concepts
that are abstract and difficult for students to understand so that it often causes misconceptions (Jusniar et
al, 2020; Yan & Subramaniam, 2018). Previous relevant research on the development of HOTS question
instruments in chemistry learning has been carried out on thermochemistry topic (Novatania &
Kamaludin, 2021). Then there are also researcher who develop HOTS questions in electrolyte and non-
electrolyte solution topic (Afriani et al, 2018). Moreover there are also develop HOTS questions on
solubility topic (Sarah et al, 2021). However, other topics of chemical material are still not further
developed especially in reaction rate topic. Furthermore, in studying the reaction rate material,
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prerequisite materials are needed, namely chemical equilibrium, chemical reaction alignment, and the
concept of mole so that it can be categorized as a complex chemical topic.

Facts on the ground show that HOTS assessment test instruments are still rarely implemented in
learning assessments. Preliminary studies conducted at several senior high schools in Malang City showed
that the test questions used in learning evaluation tend to measure students' thinking ability in the
cognitive level of memorization and remembering so it cannot stimulate students to think at a high level.
Through HOTS, learners will be able to give ideas clearly, argue well, be able to solve problems, construct
explanations, hypothesize, and understand complex things to be clearer and more comprehensive. HOTS
has an important role to play in supporting educational success and making learners more accustomed to
creative and innovative thinking (Dinni, 2018; Lee & Choi, 2017). In addition, HOTS is also one of the main
skills needed by students to deal with all problems and challenges in the 21st century. This is what
underlies researchers to develop HOTS questions based on UTBK questions based on taxonomy bloom on
reaction rate topic. This study aims to develop UTBK-based higher order thinking skills in multiple-choice
and essays question on reaction rate topic that are valid and reliable. The results of the HOTS assessment
that have been developed are expected to be an evaluation in learning to train and improve students'
HOTS abilities.

2. METHOD

The approach used in this research is research and development (Research & Development).
Research and development methods are research methods used to produce and test the effectiveness of
products (Creswell, 2013). The product developed in this study is a UTBK-based Higher Order Thinking
Skills chemistry question on the reaction rate material of 20 question items in multiple choice form and 8
essay items. In this study, the stages in design and development used the ADDIE framework (Analysis,
Design, Development, Implementation, and Evaluation) (Aldoobie, 2015). The analysis stage is carried out
with the aim of identifying and collecting information about the problems and needs of the assessment
instrument product to be developed. The design stage is the preparation of the concept and framework of
the question instrument which includes indicators of competency achievement, indicators of question
items, and assessment rubrics. Furthermore, the development stage is carried out to test the validity of the
content and the empirical validity of the question item. However, in this study only to the stage of
development because it is only limited to measuring the level of validity and reliability of the questions
developed. The trial sample in this study was as many as 150 students of class XII from one of the senior
high schools in Malang City with the criteria of having received reaction rate material topic. Research
instruments used to obtain data include content validation sheets and student answer sheets as empirical
validation data. Content validation is carried out to test the quality of the feasibility of the questions
reviewed from the aspects of content, construction, and language. Construct validation is performed to
test the validity, reliability, differentiability, and difficulty level of the question item by using the help of
the SPSS 24.0 for Windows program. Product content validation data is obtained from content assessment
conducted by validator experts who are two senior high school teachers. Score percentages are
categorized based on Table 1.

Table 1. Product Validity Criteria

Percentage (%) Category
80<x<100 Very good
60 <x<80 Good
40<x<60 Enough
20<x<40 Not good
0<x<20 Not very good

The question items that are categorized are very good and good, then an empirical validity test is
carried out. Empirical validity includes the validity of the question item, reliability, differentiability, and
degree of difficulty (Arikunto & Suharsimi, 2009). Data obtained through the results of student answer
sheets. The data analysis technique of the percentage of validity of the content of the HOTS question
instrument. The validity test shows the level of accuracy of the question instrument to measure what
should be measured. The validity test is carried out with the help of the spss 24.0 for Windows program.
The test results were compared with the rebie value of product-moment (0.159) at a 95% confidence level
with n = 150. If the reount 2 rtable then the question item can be declared valid, while the rcount < r'table then the
question item can be declared invalid. Assessment instruments can be said to be reliable if they are able
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to be used repeatedly to measure the same object and produce the same data (Sugiyono, 2017). Reliability
test analysis is if the cronbach alpha value > 0.60 the assessment instrument has high reliability, while if
the cronbach alpha value < 0.60 the assessment instrument has low reliability (Arikunto & Suharsimi,
2009). The interpretation of the reliability data of the question can be seen in Table 2.

Tabel 2. Reliability Criteria

Cronbach Alpha (r) Category
0,80<r<1,00 Very good
0,60<r<0,80 Good
0,40 <r<0,60 Enough
0,20<r<0,40 Not good
0,00<r<0,20 Not very good

The differentiability shows the level of ability of the question instrument in distinguishing highly
capable learners from low-ability learners. The number that shows the magnitude of the differentiation is
called the discrimination index (D). The interpretation of the differential power of the question can be
presented as in Table 3.

Table 3. Differential Power Criteria

Score Category

D < 0,00 (negative) Very low
0,00<D<0,20 Low

0,21<D<0,40 Moderate
0,41<D<0,70 High

0,71<D<1,00 Very high

Difficulty level is a number index that shows the easy level and difficulty of a question can be
answered correctly by students (Sugiyono, 2017). The interpretation of the difficulty level data of the
question item can be presented as in Table 4.

Table 4. Criteria for The Level of Difficulty

Score Category
0,00<P<0,30 Difficult
0,31<P<0,70 Moderate
0,71<P<1,00 Easy

3. RESULT AND DISCUSSION

Result

The product developed by the researcher is in the form of an instrument about HOTS on reaction
rate material consisting of four submaterials, namely the concept of reaction rate, collision theory, factors
affecting the reaction rate, order and equation of reaction rate. The question instruments developed are
multiple choice and essay. The development of this question instrument was strengthened by the results
of needs analysis and surveys in schools that showed information that students rarely do HOTS-based
chemistry questions so that the questions used to measure student learning outcomes still use Low Order
Thinking Skills (LOTS) questions. In addition, references to HOTS in high school are also still limited and
research that develops HOTS-based questions on chemistry topics is still small. A description of the
developed HOTS indicators can be seen in Table 5 and Table 6.

Table 5. Description of HOTS Multiple Choice Item Indicator

No Submaterial Indicator Cognitive Level
1 Concept of reaction rate  Analyze phenomena according to the type of C4 (Analyze)
reaction
2 Concept of reaction rate  Analyze research variables to measure reaction C4 (Analyze)
rate
3  Conceptofreactionrate Analyze the reaction rate based on C4 (Analyze)
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No Submaterial Indicator Cognitive Level
submicroscopic representations
4  Collision theory Analyze the exact collision theory based on a C4 (Analyze)
phenomenon
5  Collision theory Analyze treatments that can improve effective C4 (Analyze)
collisions
6  Collision theory Summing up the exact statement based on C5 (Evaluate)
experimental data
7  Factors that affect the Analyze the factors affecting the reaction rate C4 (Analyze)
reaction rate
8  Factors that affect the Analyze the factors affecting the reaction rate with  C4 (Analyze)
reaction rate collision theory
9  Factors that affect the Analyze control variables in the experiment of C4 (Analyze)
reaction rate factors affecting the reaction rate
10  Factors that affect the Analyze the role of catalysts in a chemical reaction C4 (Analyze)
reaction rate
11  Factors that affect the Analyze appropriate treatment based on specified  C4 (Analyze)
reaction rate conditions and variables
12 Factors that affect the Design an experimental procedure of factors C6 (Create)
reaction rate affecting the reaction rate
13 Factors that affect the Summing up the exact statement based on C5 (Evaluate)
reaction rate experimental data
14  Factors that affect the Identify the tools and materials needed in C6 (Create)
reaction rate designing the experiment
15 Factors that affect the Analyze the factors affecting the reaction rate C5 (Evaluate)
reaction rate
16  Factors that affect the Analyze the factors affecting the reaction rate C4 (Analyze)
reaction rate from the experimental data
17  Factors that affect the Analyze the graph of a reaction with catalystsand  C4 (Analyze)
reaction rate without catalysts
18 Order and equation of Analyze the order and equations of reaction rates ~ C4 (Analyze)
reaction rate
19  Order and equation of Determine the order of the reaction based on C4 (Analyze)
reaction rate experimental data
20  Order and equation of Analyze the reaction rate due to temperature C4 (Analyze)
reaction rate changes
21  Order and equation of Determine the rate of formation of a compound C4 (Analyze)
reaction rate
22 Order and equation of Analyze the reaction rate equation based on C4 (Analyze)
reaction rate experimental data
23 Order and equation of Analyze the reaction rate equation based on C4 (Analyze)
reaction rate experimental data
24 Order and equation of Determine the order of the reaction based on C4 (Analyze)

reaction rate

experimental data

Table 5. Description of Hots Essay Item Indicator

No Submaterial Indicator Cognitive Level
1  Reaction rate concept Analyze the phenomenon of chemical reactions to ~ C4 (Analyze)
determine the meaning of the concept of reaction
rate
2 Reaction rate concept Analyze the comparison of the rate of chemical C4 (Analyze)
reactions in life phenomena
3 Factors affecting the Design experiments on factors affecting the C6 (Create)
reaction rate reaction rate
4 Factors affecting the Analyze the factors affecting the reaction rate ofa ~ C4 (Analyze)
reaction rate phenomenon
5 Factors affecting the Analyze the factors affecting the reaction rate by C4 (Analyze)

reaction rate

using collision theory
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No Submaterial Indicator Cognitive Level
6  Factors affecting the Analyze the influence of surface area on reaction C4 (Analyze)
reaction rate rate
7  Factors affecting the Formulate a hypothesis against the rapid slow C6 (Create)
reaction rate rate of chemical reactions
8  Order and equation of Analyze the order of the reaction and predicting C4 (Analyze)
reaction rate the time of occurrence of the reaction
9 Order and equation of Analyze reaction equations and graphs of a C4 (Analyze)
reaction rate chemical reaction
10  Order and equation of Analyze the rate of combustion reactions under C4 (Analyze)
reaction rate certain conditions
11  Order and equation of Design an experiment to measure the reaction C6 (Create)

reaction rate

rate

Base on Table 4 and Table 5 show a total of 24 multiple-choice questions and 11 essay questions
were successfully developed according to the indicators. The question instrument that has been
developed is validated by two validators who are high school teachers using a likert scale questionnaire.
The results of the validator assessment showed that the average percentage score of 92.05% which was
categorized as very good which could then be tested on students who met the predetermined criteria,
namely having learned on the reaction rate material.

Empirical validity data obtained from learners' answers. In multiple-choice type questions, the
correct answer will be given a score of 1 and the wrong answer will be given a score of 0. In essay type
questions, a score of 2 is given on a complete and clear answer accompanied by evidence and strong
reasons, a score of 1 if the answer is accurate but the reason is unclear or incomplete, and a score of 0 if
the answer does not show a logical conclusion. The empiric validity test is performed with the help of the
SPSS 24 for Windows program. reunt from the calculation of each question item compared to rtable. The rtable
value based on the number of samples is 0.159. Based on the results of the analysis of multiple choice type
questions, 20 points of valid questions were obtained and 4 points of invalid questions were obtained. The
results of the validity of the question items can be seen in Table 6.

Table 6. Empirical Validity Results

- Type . Number of o
Validity Index Question Question Number Question Percentage (%)
Multiple 2,3,4.5,6,7,8,9,10,11,12, 13, o
rc°€\“,;i£‘)able choice 14,17, 18, 19, 20, 22, 23, 24 20 84,3%
Essay 1,2,3,4,5,6,7,10 8 72,7%
Feount> Fiable Multiple 1,15, 16,21 4 16,6%
(invalid) choice
Essay 8,9,11 3 27,3%

Based on the data in Table 6, it can be interpreted that there are 20 multiple-choice questions and
8 essays that are declared valid. This is supported by the value of the rcount of the question grain which is
higher than the value of the rtble (rcount 2 Ttable) With a reount range of 0.243-0.685. Meanwhile, 4 multiple
choice type questions and 3 essay questions were declared invalid (rcount < rtable) SO it was not feasible to
do a reliability test. Valid question in multiple choice show that there are 16 items C4 question, 2 items C5
question, and 2 items C6 question. Then, valid question in essay show that there are 6 items C4 question
and 2 items C6 question. Based on this result, the example of C4, C5, and C6 question can be seen in Table
7.

Table 7. Example Question of HOTS (C4, C5, and C6)

Question Question .
Level Indicator Question
C4 Presented some  Carbon dioxide (CO2) is a non-colored gas. At low concentration, this
(Analyzing) important gas is odorless. Whereas, at high concentrations it smells sour and
information sharp. Carbon dioxide is widely as an inert gas in fire machines, a
regarding the supercritical solvent in the manufacture of low-caffeine coffe, an

ingredient for making carbonates beverages, and as a refrigerant.
The main sources of carbon dioxide gas are the processes of

experiment of
factors affecting
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Question
Level

Question
Indicator

Question

C5
(Evaluating)

Cé6
(Planning)

the reaction
rate, students
can analyse the
appropriate
control variables

Presented a
description of
phenomenon
related to
collision theory,
students are
asked to
determine the
experimental
step according
to phenomenon

Presented with
the tools and
materials of an
experiment,
students can
design an
experiment from
the tools and
materials
provided

combustion, respiration of organism, fermentation and the addition

of acids to limestone. The reaction equation between limestone and

hydrochloric acid is as follow.

CaCOs3(s) + 2HCl(aq) — CaClz(aq) + H20(1) + COz(g)

A group of children will conduct an experiment on the effect of

surface area on the reaction rate of CaCOs and HCL. If the experiment

is carried out at a constant pressure, which variables should be
controlled?

a. CaCOs3 mass

b. H20 and CO2 volume

c. Volume CO2

d. Volume H20

e. CaCOs size

Cantika and her practicum group wanted to prove the collision

theory which states that “the wider the the surface area of the touch

plane of the reagent particle, then the effective collision that occurs
will be more so that the reaction rate will be faster”. Here’s which is
the most appropriate test step to investigate the event?

a. Put 100 mL of vinegar acid into beaker A and 150 mL into beaker
B; prepare two tablets of ulcer drugs containing Mg(OH)z with
different masses and brands; put one tablet of the drug each into
beakers A and B; turn on the stopwatch; record the time it takes
for the tablets to finish reacting with vinegar acid on each glass.

b. Put 100 mL of vinegar acid into beaker A and 100 mL into beaker
B; prepare two tablets of ulcer drugs containing Mg(OH)2 with
the same mass; grind one tablet of the drug until it becomes
powder; insert one tablet of ulcer medicine in keeping form into
beaker A and one tablet in powder form into chemical B
simultaneously; turn on the stopwatch; record the time it takes
for the tablets to finish reacting with vinegar acid on each glass.

c. Put 100 mL of vinegar acid into each of the beakers A and B;
prepare two tablets of ulcer medicine containing Mg(OH)2 with
different brands; put one tablet of the drug into beaker A and one
tablet with another brand into beaker B simultaneously; turn on
the stopwatch; record the time it takes for the tablets to finish
reacting with vinegar acid on each glass

d. Put 100 mL of vinegar acid into beaker A and 150 mL into beaker
B; prepare two tablets of ulcer drugs containing Mg(OH)2 with
the same mass; put each tablet of the drug in beakers A and B;
turn on the stopwatch; stir on beaker A only; record the time it
takes for the tablets to finish reacting with vinegar acid on each
glass

e. Put 100 mL of vinegar acid into chemical class A and 150 mL into
beaker B; prepare two tablets of ulcer drugs containing Mg(OH):
with the same mass; put one tablet of the drug each into beakers
A and B; turn on the stopwatch; record the time it takes for the
tablets to finish reacting with vinegar acid on each glass

One day Bintan helped mom make a cake and accidentally dropped

baking soda into the water containing vinegar and gas bubbles

popped into the mixture. Bintan was very curious about what
happened, then he tried it again twice.

Both experiments showed different reaction times, unfortunately

Bintan forgot to record it. Bintan also intends to retry the

experiment. Assist Bintan in designing the experiment!

a. What materials will you choose for the experiment to be
carried out? and determine the amount!

b. If the following tools are provided:
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Question Question

Level Indicator Question
- Plastic cups - Drip pipette
- Test tubes - Knife
- Measuring cups - Stopwatch
- Tablespoons - Label
- Teaspoon - Glove

- Test tube racks
What tools would you choose for the experiment to be carried
out? Also determine the amount!

c. Design the experimental procedure that you will do!

The question reliability test is only carried out on valid questions so that as many as 20 multiple-
choice questions and 8 essay questions are carried out reliability. The reliability test of HOTS questions on
each question type is carried out with the help of the SPSS 24 for Windows program. The results of the
analysis showed that the Cronbach alpha value of multiple-choice type questions was 0.723 and essay-
type questions were 0.736 so that they were categorized as having good reliability. The differentiation of
the question items is determined based on the discriminant index formula which is then categorized
according to the criteria. The power test of the difference in question items is carried out with the help of
the Microsoft Excel program. The results of the analysis showed that as many as 20 points of multiple-
choice questions and 8 items of essay questions had differentiation power with excellent categories.
Therefore, these two types of questions can be used to distinguish highly capable learners from low-ability
learners. The difficulty level of the question item is determined based on the difficulty level index formula
which is then categorized based on the criteria. The difficulty test of the question items is carried out with
the help of the Microsoft Excel program. The results of the analysis showed that as many as 20 points of
multiple-choice questions had a medium level of difficulty. While in the essay questions there is 1 question
item that is categorized as easy and 7 question items that are categorized as medium.

Discussion

The study implements three stages of the ADDIE development model. The first stage is analysis
which is a form of observation to identify and explore information about problems that arise. Based on the
results of observations, information was obtained that teachers rarely implement HOTS-based questions
as an evaluation in chemistry learning, especially in reaction rate topic. The questions given as learning
evaluations are only limited to low cognitive levels (Low Order Thinking Skills) C1-C3. Furthermore,
students also experience difficulties in solving the problems given by the teacher. This is due to the
unfamiliarity of students to practice doing HOTS-based questions. In addition, the learning resources used
are less facilitating learners to think at a high level. Therefore, the development of HOTS-based
assessment instruments can be an alternative in solving these problems.

The second stage is a design that is an activity to design and compile indicators of competency
achievement and indicators of question items based on basic competencies (KD). The indicators that have
been prepared are consulted to expert lecturers which are then developed into HOTS-based assessment
questions. The third stage is development which is the core stage of the preparation of the question
instrument. The question instrument that has been developed is then validated by two chemistry teachers
at one of the senior high schools in Malang City who have more than 10 years of teaching experience.
Several revisions were made to the question item after getting advice from validators. The next process is
carried out empirical validation aimed at students of class XII who have obtained reaction rate topic. The
data obtained from the answers of students are then analyzed to test validity, reliability, difference, and
the level of difficulty. A good assessment instrument must fullfill five important aspects, namely validity,
reliability, objectivity, practical, and economical (Arikunto, 2015; Laliyo et al., 2019). The HOTS-based
assessment instrument that has been developed meets these five aspects. The validity of the question item
shows that 20 questions are declared valid that the rcount value 2 reble so that it can be used to measure
what is to be measured. This is in line with previous research which shows that questions that can be used
as an instrument for assessment and collection of research data, one of which is to meet valid categories
(Rintayati et al., 2020; Hairida, 2017). In this study, only valid questions can be tested for reliability. The
reliability of the questions is categorized as high with a cronbach alpha value above 0.60 in both types of
questions so that it has good consistency to obtain data with the same results. This is in accordance with
the results of previous studies which show that reliable assessment instruments can be used to collect
research data continuously (Danczak et al., 2020). Based on this information, it can be interpreted that
validity and reliability are basic aspects that must be met in developing an assessment instrument that can
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be used to measure research variables. The differentiability of the question item shows the level of ability
of the question instrument in distinguishing highly capable learners from low-ability learners (Sugiyono,
2017; Widyaningsih et al,, 2021). Based on the results of data processing, all multiple-choice questions
and essays have a very high differentiation power so that they can function properly as a measurement
instrument. The difficulty level of the question items interprets that each question item has a level of
difficulty or ease for students to answer.

The results of data processing showed that 20 questions (100%) of multiple choice questions had
a moderate level of difficulty, while in essay questions, 1 question item (12.5%) was categorized as easy
and 7 question items (87.5%) were categorized as medium. HOTS-based assessment instruments in the
form of essays developed also have advantages that can stimulate students to think more
comprehensively and deeply. Based on the results of the HOTS-based assessment instrument that has
been developed, it can be interpreted to meet the categories of content validity and empirical validity in
accordance with the existing theoretical framework. Assessment instruments are very important in
learning because they can be used as a benchmark for learning outcomes. In learning activities, question
instruments are important things needed by teachers to measure the extent of students' ability to
understand chemistry learning topic. So far, conditions on the ground show that the majority of learning
evaluations conducted by teachers rarely integrate HOTS. Almost all question instruments used to
evaluate LOTS-based learning (Ghani et al., 2017; Widiyawati et al, 2019). Therefore, learners cannot
hone critical and creative thinking skills as an important aspect of 21st century skills to solve problems
(Afandi et al.,, 2018; Ramdani et al., 2019; Redhana, 2019). The implication of this study is produce the
question instruments developed can be used as evaluations in learning and research to measure the HOTS
ability of students, especially in reaction rate topic. Students who are used to getting HOTS-based learning
will be better prepared to face global challenges. HOTS is an important need as the focus of this 21st
century learning. The HOTS question instrument that has been developed by researchers is expected to be
applied to measure the HOTS ability of students, especially in the evaluation of chemistry learning of
reaction rate topic. Furthermore, the HOTS-based assessment instrument that has been developed is
expected to train students to be accustomed to critical and creative thinking in solving problems and
preparing themselves for computer-based national exams. This research has limitations, one of which is
this study only to the stage of development because it is only limited to measuring the level of validity and
reliability of the questions developed. It is hoped that future research will be able to deepen development
research related to higher order thinking skills (hots) test instruments.

4. CONCLUSION

Based on the results and research and discussion, it can be concluded that the question
instruments developed meet the validity of the content and empirics. Content validation carried out by
two expert validators informs that the question instrument has excellent quality with very good
categories. The validity test results showed that 20 items of multiple choice questions and 8 items of essay
questions were declared valid. Valid question instruments have high reliability with a moderate degree of
difficulty and excellent differentiation in both multiple choice and essay questions. However, the
development of this question instrument has limitations, namely that it is only implemented until the
third stage of the ADDIE development model (development) so that the last two stages (implementation
and evaluation) have not been applied.
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