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Abstract: This study aims to make High Order Thinking Skill (HOTS) items in the
form of multiple-choice types of thermochemistry material for SMA/MA. The
development of the HOTS question instrument was carried out to produce valid
and reliable question items. The HOTS question instrument development method
uses the Mc development model. Intire. Data results in development research can
be carried out using rater validation and test results. Based on the results of the
rater, it can be stated that the items are feasible to test by looking at the average
value of validity, which is 0.727 so that they are included in the high category by
looking at aspects, namely material, construction and language aspects. Based on
the calculation of the results by producing 15 questions with thermochemical
material for SMA/MA which are valid with the criteria for the average level of
difficulty, namely (0.584), the criteria for discriminating power of the average
questions, namely (0.576) with the criteria for the average validity test, namely
(0.493) reliability criteria with an average of (0.686). The conclusion obtained from
the data is that the HOTS question instrument can be declared suitable for student

use.

Keywords: HOTS; Instrument assessment; Mc.Intire model

Introduction

PISA (Program for International Student
Assessment) in 2018 released their latest report data
regarding the literacy level of each member country, one
of which is Indonesia. Based on the report, the literacy
level of Indonesian students is ranked 74th out of 79
member countries (OECD, 2019; Sidiq et al., 2021). 21st
century skills are the main target in the curricula of
educational institutions around the world because good
skills in the 21st century are one of the solutions to
answer the challenges of the industrial revolution era 4.0
(Hujjatusnaini et al., 2022).

According to sani (2019), individuals who have the
ability to think High level or HOTS is able to process and
implement new information or knowledge with the aim
of finding useful solutions to new problems. When faced
with a problem that cannot be solved using a
conventional approach or a complex problem, the
individual is expected to be able to solve it by using
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higher-order thinking skills. very individual has
different problems, so the solutions or solutions found
will also vary. Sani (2019) also stated that HOTS ability
to solve problems is important for students to face
challenges in everyday life that require a high level of
thinking.

Budiarta et al. (2018) explains that HOTS or higher
order thinking skills are abilities that include
decomposing material, being critical and making
solutions to these problems so that it can be said to be
complex thinking skills. Similar to the opinion, Thomas
et al. (2009) that HOTS or high-level thinking ability is a
thinking ability that has ties between facts and problems
that occur. the solution to the problems that occur are not
only in the form of memorizing, counting and
remembering. However, someone is required to create
relationships and conclusions on a problem. The same
opinion was expressed by Annuuru et al. (2017)
providing an explanation that HOTS is a combination of
existing facts and an idea from the analyzing stage to the
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creating stage by assessing a fact that has been learned
or the creating stage that has been studied

In the law of the republic of Indonesia number 20 of
2003 concerning the National education system, learning
is a term that is often used in society. Article 1 point 20
in the law explains that learning is a process of
interaction between students, educators, and learning
resources in a learning environment. this interaction
involves planning that begins with a lesson plan and
ends with an evaluation. these three components
become important in learning. learning objectives have
three aspects, namely knowledge, attitudes, and skills.
The success of learning is determined through a process
of evaluation or assessment of student learning
outcomes.

Critical thinking ability or HOTS is a much-needed
basic ability that should be mastered by a learner such as
the ability to read, memorize and count (Rositawati,
2019). As time goes on, students are required to have
higher order thinking skills or HOTS and must accept
technology that is growing rapidly (Maskur et al., 2020).
High-level thinking ability or HOTS is an ability that
makes students think logically and rationally. Then from
this ability students are able to perform several skills
such as analyzing, identifying questions, evaluating
ideas and being able to make conclusions (R. Dewi et al.,
2019). The development of higher order thinking skills
or HOTS in chemistry learning has not been fully
supported under conditions in the field. Supporting
devices or facilities during chemistry learning have not
fully facilitated students (Lestari et al., 2019).

Program developed on the basis of learning and by
the Ministry of Education and Culture (Kemdikbud).
The program was first registered in 2018 and its focus is
to teach students the use of higher order thinking skills,
also known as HOTS Higher Order Thinking Skills
(Dwijayanti, 2021). This concept of higher order thinking
is divided into two levels. The first level is low-level
thinking or LOT (Lower Order Thinking), and the
second level is higher-level thinking capacity
(Kurniawan et al., 2022). In the learning process, HOTs
assessment can be used as a guide so that students can
change or develop the knowledge they already have, or
even create something new (Rozi et al., 2019). The main
purpose of training students using the HOTs approach
is so that they can develop better analytical and critical
thinking skills (Inayati, 2020). Based on previous
research, HOTs are an effective tool to promote higher-
level thinking through the stages of analysis (c-4),
evaluation (c-5), and creativity (c-6) (Lamhatin et al,,
2022). By encouraging students to think critically,
logically, reflectively, constructively, and creatively, the
use of HOTs is expected to increase student productivity
in the learning process (Agustina et al., 2019). The HOTS
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approach also emphasizes the importance of education
that can motivate learners to be creative and use various
active student-centered learning strategies. This
approach gives them the motivation and ability to
participate in discussions, ask questions, and
communicate more effectively (Fanani, 2018).

This research was carried out because many
students or students did not fully have critical thinking
skills and chemical literacy in the current era. There are
still a lot of them and this is proven in several data such
as PISA and OECD at the world level. The instrument
function itself makes students have these skills so that
students in villages have the same abilities as students in
cities. From some of the research that has been done, we
can draw the conclusion that the development of HOTS
instruments is able to make students' ability to
understand to perform tasks based on the reality that
exists in the current curriculum by connecting existing
facts. In this regard, the researcher is developing HOTS-
based question instruments. The development was
carried out with the aim of making HOTS instruments
with thermochemical material seen valid and reliable
then knowing the differentiating power of questions and
the level of difficulty of chemistry questions with HOTS-
based that have been developed on thermochemical
material. Therefore, the researchers developed HOTS
instruments which became the basis of this study
"Development of HOTS (High Order Thinking Skill)
Instruments on Thermochemistry".

Method
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Figure 1. Research stage
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The development model applied in this research is
the Mc development model Intire. This model consists
of 10 stages which include 1) determining research
subjects and test objectives, 2) test development, 3)
writing and validating question items by experts, 4)
rearranging revised results, 5) test implementation, 6)
analysis of test results, 7) test revision, 8) final test and
validation, 9) development of norms, and 10)
preparation of test books.

Determining the Research Subject and Test Objectives

The research was conducted using the type of
development research that aims to develop existing
question products or improve question items. The
research subjects were class XII students at UPT SMAN
8 Musi Rawas with a total of 67 people and class XII UPT
SMAN 1 Musi Rawas with a total of 35 people. The
research was conducted during the even school year for
high school / MA level students in the 2021 /2022 school
year. To determine the validity of the question product,
validation was carried out by 6 experts by assessing in
terms of the aspects of the question construct, the
material on the question and the language used.
Validation was carried out 2 times before revision and
after revision. In expert validation in the form of
qualitative data with the results of suggestions or
comments on the instruments that have been made.

Test Development Stage

At the test development stage is to design the
overall test process. Test development can be taken from
chemistry subject materials that have been studied by
students based on the curriculum used, namely the 2013
Curriculum. From the materials that have been studied,
identify the material and the desired Basic Competencies
(KD). Determination of Higher Order Thinking Skill
(HOTS) items must use at least KKO at the C4 level with
one of the words "analyze". After obtaining the
appropriate KD, then the KD is identified or analyzed so
that it can be developed again so as to get the
appropriate GPA and question indicators. Determining
the GPA of the selected KD determines the selection of
material so that the material can be used in the form of
questions.

Writing Test Items

After the test development stage, then writing
question items can be done in accordance with the
question indicators and GPA that have been made
previously. The question items that have been made are
equipped with appropriate answers and scoring
guidelines contained in the questions. Then at this stage
prototype 1 is produced. After completion in making the
question items, the question is validated by the expert
(Rater). Before validation by raters, namely doing self-
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evaluation of their own assessment of the question
items. Each rater conducts an assessment in accordance
with the scoring guidelines that have been prepared.
Raters assess several things such as items that have been
made, GPA and indicators that have been developed.
There are 6 raters for item development assessment who
assess the material, construction and language aspects.
After the assessment by the raters, revisions are made
according to comments or suggestions.

Reconstruction of the Revised Results

The results of the comments from the 6 raters were
carried out to qualitatively improve the question items
by looking at the comments and suggestions by the
raters. Then the results of the revision of the question
items that have been revised can be used as prototype 2
which can then be field tested on research subjects.

Test Implementation Stage

In the test implementation stage, HOTS questions
with Thermochemistry material that has been developed
are tested on the research subjects. The stage carried out
was to carry out the implementation from February to
March 2022 which was attended by 35 students. In the
first stage of the test, it was conducted at UPT SMAN 8
Musi Rawas from class XII MIA 3. The test conducted at
the school was conducted for 90 minutes. At the time the
test conducted at UPT SMAN 10 Musi Rawas was
conducted in one day. Then in working on HOTS items,
students are allowed to open books to make it easier to
work on the questions.

Data collection using the validity test of Hots
Instruments on Students of Class XII UPT SMAN 8 Musi
Rawas and Xii UPT SMAN 1 Musi Rawas. The field test
was conducted to see whether the instrument was
categorized as suitable for use or not suitable for use
with students. There are data analysis techniques used.

Analysis of Test Results

The results that have been obtained from the
answers of students to make quantitative calculations.
Some of the things that are analyzed are validity,
reliability, level of difficulty and discriminatory power.

Test Revision

After carrying out quantitative calculations, it can
be seen from the analysis of the questions that fall into
the good and bad categories as well as the questions that
have been revised. Criteria for decision making on
questions can be seen from the aspects of validity and
reliability as well as the level of difficulty of the
questions and distinguishing power and can be seen
from several comments from students.
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Final Test and Validation

Then carry out the test again with a different
sample and population over a different time period in
order to obtain valid question items. This validity stage
is carried out by correlating the current test results with
the results that were previously carried out. Test validity
is used to prove that the question items are reliable. Test
questions are declared reliable if the scores obtained are
consistent after carrying out several tests on the same
subject but in different time periods

Development of Norms

At this stage, namely the development stage of
reference norms. At this stage, valid item questions have
been obtained and the determination of test scores can
be based on the minimum completeness criteria (KKM).
Determining the score for the question items is the limit
score that student must obtain. The score limit can be
used to find out which students can be categorized as
passing and not passing. The KKM for the questions set
is 70.

Preparing Test Bookkeeping

This stage is the last stage to be carried out. The
process at this stage completes the test manually by
compiling a test use book by producing items based on
High Order Thinking Skills (HOTS). The HOTS
questions collection book contains an explanation of the
background of making the test, history of the test
development process, results of validation studies,
instructions for administering the test, how to score the
test, and can provide information about interpreting
individual student scores.

Content and Construct Validity

Testing of items usually uses a test validity test to
determine the quality of the items (Surapranata, 2009).
According to Arikunto (2013), if it is said to be valid if a
test that is carried out can measure something that is
measured. The word valid itself can be said to be valid
which means that the validity of an instrument so that it
cannot be doubted. This study uses content validity and
construct validity. The validity of a test can be found
using a formula, one of which is the product moment
formula (Surapranata, 2009), namely as equation 1.

— NEXY-EXEY) (1)
Y JINEXZ-(0ZN TYE-(E N

Description:

rxy = validity

Y X = the total score of all students on the question
Y'Y = total score of all students on the test

X = the score of each student on the question

Y = total score of each student
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N = number of students
The criteria for product moment correlation analysis
results can be seen as table 1.

Table 1. Criteria for Validity Analysis Results

Correlation Coefficient Description
0.80 -1.00 Very High
0.60 - 0.80 High
0.40 - 0.60 Moderate
0.20-0.40 Low
0.00-0.20 Very Low

Criterion Validity

Testing of items usually uses a test validity test to
determine the quality of the items (Surapranata, 2009).
According to Arikunto (2013), if it is said to be valid if a
test that is carried out can measure something that is
measured. The word valid itself can be said to be valid
which means that the validity of an instrument so that it
cannot be doubted. This study uses content validity and
construct validity. The validity of a test can be found
using a formula, one of which is the product moment
formula (Surapranata, 2009), namely as equation 2.

- N YXY -(EX)EY) @)
Y JINEXZ-(0FN ZYZ-(EV)F]

Description:

rxy = validity

Y X = the total score of all students on the question
Y'Y = total score of all students on the test

X = the score of each student on the question

Y = total score of each student

N = number of students

The criteria for product moment correlation analysis
results can be seen as table 2.

Table 2. Criteria for Validity Analysis Results

Correlation Coefficient Description
0.80-1.00 Very High
0.60 -0.80 High
0.40 - 0.60 Moderate
0.20-0.40 Low
0.00-0.20 Very Low
Reliability

Reliability is the level of consistency of an
instrument. If a test has a high or consistent reliability
value when measuring concepts on a material to be
measured then the research instrument has reliability in
a good category (Suwarto, 2013). Reliability can be
interpreted as trustworthiness. Reliability is related to
fixity and consistency. To calculate the reliability of the
description form test can be done by using the
Cronbach-Alpha formula, namely as equation 3.
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no2
S.

T = ﬁ 1- % ®)
Description:
r11 = reliability coefficient
n = number of items
s2i = variance of i-th question score
s2t = total score variance
The correlation value (r) obtained is then consulted with
the correlation coefficient table value so that it is like
table 3.

Table 3. Reliability Qualifications

Correlation Coefficient Qualification
0.91-1.00 Very High
0.71-0.90 High
0.41-0.70 Fair
0.21 -0.40 Low
Negative - 0.20 Very Low

Difficulty Level

The item has a level of difficulty which is one of the
indicators so that the item is included in the difficult,
medium and easy categories. The items developed can
be categorized as good items if the items are not too
difficult or not too easy. In other words, the level of
difficulty of the test is moderate or sufficient. The
number that shows the difficulty and ease of a problem
is called the difficulty index. The higher the difficulty
index of the question, the easier the question. The
equation used to determine the level of difficulty with
the proportion of correct answers is as equation 4.

P= 5N )

Description:

p = proportion of correct answers or difficulty level

Y x = number of test takers who answered correctly

Sm = maximum score

N = number of test takers

The classification value of the level of difficulty on HOTS
items is as shown in table 4

Table 4. Classification of Level of Difficulty

Score range Category
0.00-0.30 Difficult
0.31-0.70 Medium
0.71-1.00 Easy

According to Kunandar (2013) a good proportion
for the level of difficulty of the item is, the question
consists of 30% of items in the easy category, 50% in the
medium category and 20% in the difficult category, but
in this study it will not focus on these proportions
because the questions made are based on higher-level
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thinking skills so that questions in the easy category will
not be used.

Result and Discussion

Result

The development of items with HOTS (High Order
Thinking Skill) resulted in 10 items with descriptions
that had passed the 15 stages of the MC development
model Intire. The results of the development of these
items have been tested by paying attention to 4 aspects,
namely the reliability of the questions, the validity of the
questions, the difficulty level of the questions and the
differentiating power of the questions. The source of
question instruments that have been developed is found
in SMA/MA chemistry books, chemistry question bank
books and National Exam questions. The question items
that have been selected from various sources are then
modified and re-examined so as to produce question
items in the form of descriptions. The question
instrument developed has a stimulus and has questions
that contain higher-level cognitive.

Learners in applying 4C skills (creative, critical
thinking, communicative, collaborative) really need
these skills in this modern era (Trisnawati et al., 2019).
Skills in critical thinking abilities possessed by students
so that they can solve a problem, quickly and easily
adapt to social activities, can make a question critically,
have good analogy skills in terms of science such as
chemistry, physics and mathematics (Agustiana, 2019;
Dilley, 2005; Paul et al., 1997).

Subjective tests using description-type items aim
for students to have more complex abilities, to
implement students' thinking skills in terms of solutions
to problems and to make students more motivated in
teaching and learning activities so that they are suitable
for use for items based on higher-level thinking.

Expert Validation Results

Expert validation aims to see the validity of the
question items that have been developed empirically by
paying attention to the question criteria by translating
the product moment correlation number. Item
validation was carried out by 6 experts who can also be
called raters. 6 raters validated the question items
developed by paying attention to 3 aspects, namely
material, construction and language with 15 indicator
descriptions. The 6 raters assessed the chemistry
question grids, chemistry items that had been developed
with a total of 15 multiple choice type questions on
Thermochemistry material and scoring guidelines. The
study conducted by Jannah et al. (2020) showed that the
results of the assessment by the validators were very
high, with a score of 98% from the material expert, 87%
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from the evaluation expert, and 92% from the linguist,
all of which fell into the "very strong" criteria. With an
average validation score of 92%, this study also met the
"very strong" criteria. Similar research conducted by
Khaldun et al. (2020) in evaluating computer-based
HOTS category chemistry questions using WQC also
received good results, with a score of 85% which met the
criteria of "very valid". The rater provides suggestions or
comments on the items until the items can be declared
suitable for testing on students. By considering all
aspects measured, it can be concluded that this WQC
media is very suitable for use. According to research
conducted by Adah et al. (2019), the overall media
validation results reached a percentage of 95.48, which
exceeded 80, so it can be categorized as very good.

Test Results

The result of the test is quantitative data which is
conducted twice with the subject of students from class
XII. The subject was class XII UPT SMAN 1 Musi Rawas.
At the first field test stage, it was carried out with a small
number of students as a trial. Data from the results
obtained then made improvements by taking into
account the comments or suggestions of students on the
items developed. The second stage of the field test was
carried out with more students to get more valid,
reliable, differentiating power and level of difficulty of
the items. The results of the data obtained are then
analyzed as follows:

Differentiating Power

Quantitative data analysis of distinguishing power
uses the help of Anates ver 4.0.5 to make it easier so that
the results are obtained as in table 5.

Table 5. Analysis of Instrument Distinguishing Data

Question number Differentiating Power Description
1 0.224 Enough
2 0.224 Enough
3 0.884 Enough
4 0.448 Good
5 0.884 Very Good
6 0.777 Very Good
7 0.113 Less
8 0.334 Enough
9 0.448 Good
10 0.448 Good
11 0.779 Very Good
12 0.880 Very Good
13 0.667 Good
14 0.884 Very Good
15 0.779 Very Good

According to Dewi et al. (2019) it is important to
conduct a power difference analysis to evaluate the
extent to which a question can measure the true ability
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of students. If a question has a low power difference,
then it means that the question is not effective in
measuring students' abilities. On the other hand, if a
question has a high-power difference, then it is more
efficient in measuring students' ability better.
Furthermore, calculations were carried out to test the
distinguishing power of the items with an average result
of 0.584. Based on table 1, of the 15 multiple choice type
items tested on students, 6 items scored in the excellent
category. Then 4 items scored in the good category, so
they can distinguish between students with high and
low abilities. In addition, there are 4 items that score in
the sufficient category, which can also differentiate the
abilities of high and low learners and 1 item scores in the
poor category. Item number 7 can be influenced by
questions that are too easy so that students can answer
correctly. According to Arikunto (2007), the
differentiating power of items to prove the difference
between students with high and low abilities can be
taken as 50% with high abilities and 50% with low
abilities.

Level of Difficulty

Analysis of the level of difficulty of the items can be
done with the help of ANATES version 4.0.5 so that the
results are obtained as in table 6.

Table 6. Data Results of Instrument Difficulty Level

Question number Level of difficulty = Description
1 0.941 Easy
2 0911 Easy
3 0.470 Medium
4 0.617 Medium
5 0.500 Medium
6 0.617 Medium
7 0.911 Easy
8 0.588 Medium
9 0.411 Medium
10 0.176 Hard
11 0.588 Medium
12 0.470 Medium
13 0.676 Medium
14 0.323 Medium
15 0.441 Medium

After doing the calculations in the second field test,

the average level of difficulty of the items was 0.576.
Based on Table 2, there are several items that still get
scores in the difficult or difficult category. This problem
is caused by limited time constraints when conducting
field tests, where students have not been maximized in
working on items and the stimulus used is still difficult
to understand. During the chemistry learning process in
class, students only get 30 minutes in one lesson hour, so
the material that can be delivered by the teacher is very
limited. In addition, there are 11 items that score in the
9950
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medium category, which indicates that the items have a
balanced level of difficulty and are not too easy or too
difficult for students. There are 3 items with scores in the
easy category, which means that almost all students can
answer these items correctly. Items in the difficult
category indicate that few learners can work on these
items.

Validity

Testing the validity of the items can be done which
is useful to prove that the items are empirically valid by
fulfilling the criteria of the question by using the product
moment correlation number translator. Based on
research conducted by Riyani et al. (2017) the concept of
"empirical validity" contains the term "empirical," which
refers to experience. Therefore, an instrument is
considered suitable for use when empirical validity has
been tested through empirical experience. The results of
validation data in the second field test with product
moment correlation can be seen in table 7.

Table 7. Results of Problem Validity Data

Question number Validity Description
1 0.316 Low Validity
2 0.367 Low Validity
3 0.667 High validity
4 0.308 Low Validity
5 0.606 High validity
6 0.586 Fair validity
7 0.231 Low Validity
8 0.311 Low Validity
9 0.406 Fair validity
10 0.521 Fair validity
11 0.639 High validity
12 0.595 Fair validity
13 0.564 Fair validity
14 0.667 High validity
15 0.622 High validity

After students work on the items, calculations are
made using the SPSS application to determine the
validity of the items. The average calculation of R-count
with the help of SPSS is 0.493. The R-table value obtained
is 0.244 with a total of 67 students and the significance
level used is 5%. After doing the calculation, it can be
concluded that the 10 items are valid and suitable for
testing. Question items with low validity categories can
be tested on condition that improvements are made so
that they become a sufficient category. This is because
the R-count value obtained is greater than R-table. Based
on the table, there are 5 items that get a validity value in
the sufficient category. Meanwhile, there are 5 items that
obtain question validity in the high category and 5 items
are in the low validity category.
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Reliability

The reliability test is carried out after the question
validity test. Reliability test can be done to see the
consistency of the items after being done by different or
the same students at different times. The reliability test
was carried out with the help of an application, namely
SPSS, so that the data obtained was as shown in Table 8.

Table 8. Results of Problem Reliability Data

Question Cronbach’s alpha if item

number deleted Description
1 0.685  Fair Correlation
2 0.692  Fair Correlation
3 0.668  Fair Correlation
4 0.705  Fair Correlation
5 0.667  Fair Correlation
6 0.666  Fair Correlation
7 0.698  Fair Correlation
8 0.692  Fair Correlation
9 0.701  Fair Correlation
10 0.688  Fair Correlation
11 0.725 High correlation
12 0.712  High correlation
13 0.683  Fair Correlation
14 0.648  Fair Correlation
15 0.666  Fair Correlation

Figure 2. Students work on instruments

Based on table 8, the average reliability obtained
from the reliability test is 0.686. The reliability test is
conducted to evaluate the extent to which the items are
consistent when done by different students or at
different times. The reliability test results show that
there are 13 items with sufficient correlation categories
and 2 items with high correlation categories. Thus, it can
be concluded that the 15 items that have been developed
can be used for students because the correlation is
classified as good and can be used both for the same and
different samples of students at different times.

After calculating the results of the question's
distinguishing power, difficulty level, validity test and
reliability test so that these 4 aspects can be concluded
based on the table Based on the table, 15 items that have
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been developed are accepted and corrected according to
comments and suggestions and can improve the items
better. Based on the table, question items number 10 and
7 are not included in the criteria for appropriate question
items because the results of the analysis on the level of
difficulty are included in the difficult and easy
categories, sufficient and less differentiating power, high
validity and high correlation. Although item number 8
can distinguish students with high abilities and students
with low abilities. However, only a few students can
work on these items even though the differentiating
power is in the sufficient category.

Based on the results of the analysis in the table, the
items included in the good criteria are for the level of
difficulty included in the medium category because the
items are not too difficult to understand for students and
are not included in the easy category because the items
are not included in the Lower Order Thinking Skill
(LOTS). Then for distinguishing questions included in
the good or excellent category so that the items can
distinguish students with high abilities and students
with low abilities. Then for the validity test included in
the category of sufficient validity, high validity and very
high. For the reliability test, it is included in the
sufficient, high and very high categories so that the items
can be used to work on students at different times with
the same or different samples.

Conclusion

Based on the research conducted with the title,
namely the development of HOTS (High Order
Thinking Skill) questions on Volta cell material for class
XII SMA/MA, the results of the research can be
concluded as follows Development of HOTS (High
Order Thinking Skill) instruments by producing 15
items in the form of multiple choice and paying attention
to aspects, namely the differentiation of questions, the
level of difficulty of the questions, the validity of the
questions and the reliability of the questions. Testing is
also carried out by expert validation to pay attention to
aspects of question construction, question material and
language used. Then carried out for quantitative data so
that it is obtained from 15 items that have been
developed included in the category of valid items and
are suitable for testing.
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