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Abstract: Higher Order Thinking Skills (HOTS) are necessary skills to deal with the 21st
century. This research aimed to develop a HOTS-based assessment instrument on acid-base
for class XI that meets the aspects of validity, reliability, difficulty level and distinguishing
power. This research is a Research and Development (R&D) study with a 4D model. The
quality of the product was assessed by one material expert lecturer, one media expert
lecturer, and four chemistry teachers of high school and tested on 30 science students in
eleventh grade. The assessment of product quality obtained from material experts is 97.67 %
with the Very Good (VG) category; from media expert, it was 97.44% with the Very Good
(VG) category; according to chemistry teachers, all items are feasible to be used as a field
trial. After conducting the field trial, the product contained 18 valid items and 2 invalid items
with the very reliable category, which was 0.899. At the difficulty level, the product had 11
easy items and 9 medium items. At the level of distinguishing power, the product had 1 very
bad item, 2 sufficient items, 9 good items, and 8 very good items. Therefore, the resulting
assessment questions instrument can be used to measure students' HOTS knowledge.
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Introduction

Higher Order Thinking Skills (HOTS) are skills that
are very much required to face the 2Ist century
(Chalkiadaki, 2018). HOTS is generally defined as one's
ability to think logically, critically, creatively,
reflectively, and metacognitively, which is the basic
ability to be able to answer challenges, matters, and new
problems in everyday life (Marshall & Horton, 2011;
Thomas & Thorne, 2009). According to Bloom's revised
taxonomy, thinking skills are divided into two, namely
Lower Order Thinking Skills (LOTS) and Higher Order
Thinking Skills (HOTS). LOTS have three levels. They
are remembering (Cl), understanding (C2), and
applying (C3). Furthermore, HOTS include analyzing
(C4), evaluating (C5), and creating/creativity (C6)
(Anderson & Krathwol, 2010; Hanifah, 2019). One of the
international institutions that measures students' HOTS
is Program for International Student Assessment (PISA).
Based on PISA evaluation in 2018, Indonesia was ranked
72 out of 77 participating countries (OECD, PISA: 2019).
This shows that students in Indonesia are still in the
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category of Lower Order Thinking Skills (LOTS)
(Itsnawati et al., 2019).

One of the efforts made by the government to
improve the quality of students” HOTS is to implement
the curriculum 2013 which is focused on improving two
major parts of the curriculum, namely content standards
and assessment standards (Kemendikbud, 2017). The
content standard is designed so that students are able to
think critically when receiving various types of
information, think creatively when solving problem by
using their knowledge, and make decisions in complex
situations (Saputra, 2016; Saido et al., 2015; Yen & Halili,
2015). Furthermore, the assessment standard is created
by adapting international standard assessment models
in which the evaluation process focuses more on HOTS.
In term of implementing HOTS in the assessment
standard, HOTS-based question is apllied in the national
exam (known with UN) (Kemendikbud, 2018).
However, the average score of the 2019 National Exam,
especially in chemistry, was still below average, which
was 50.29 (Puspendik, 2019).
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The low average score of chemistry exam using
HOTS question requires teachers to be able to compile
HOTS question in order that students are able to train
their high-order thinking skills (HOTS) (Abosalem,
2015). In term of compossing HOTS question, teachers
have to be able to present various information with
stimulus in the form of text, images, graphics, tables, and
others that contain information based on real life
(Kwangmuang et al., 2021). The stages of arranging
HOTS question must be followed systematically in order
to obtain more effective questions. The stages consist of
analyzing basic competencies, compiling question grids,
selecting interesting and contextual stimulus, writing
question that fits with the grid, and making up scoring
guidelines or answer keys (Fanani & Kusmabharti, 2016).
However, the main problem in reality is that teachers
have not understood and mastered how to compose and
develop HOTS questions (Salirawati et al., 2017). Based
on interviews with high school chemistry teachers in
Yogyakarta, there are few references to HOTS question,
so that teachers only arrange textual and simple question
according to the material that has been taught. As a
result, the question cannot be used as a HOTS
instrument with the good quality (Hasanah, 2018).

The instrument which has good quality must have
criteria of validity, reliability, and practicality so that it
can be used as an accurate instrument to measure the
achievement of student learning outcomes. The correct
procedure to compose the HOTS instrument is to
analyze the instrument qualitatively based on
considerations of substance, construction, and language.
Then, it is also analyzed based on empirical data or
based on the question that has been tested. Furthermore,
according to the results of qualitative and quantitative
analysis, the right items are selected (Setiadi, 2016). So
far, there is rarely any quality test on instrument
composed by teacher so that the instrument being used
is almost similar (Salirawati et al., 2017). By the
development of students' mindsets which is getting
more advanced, it should be followed by teacher's
ability to make up instruments that can reveal high-level
cognitive aspects such as applying and reasoning
question (Lawe et a., 2019). One of the subjects whose
HOTS-based test instrument is still limited is chemistry
(Iskandar & Senam, 2015).

Chemistry is a science that has an important role
and it is very closely related to daily life (contextual).
Chemistry is also often referred to as a core science
because it has very wide application in various fields
(Ihsani et al., 2020). Everything that exists in nature, even
in the human body, cannot be separated from chemical
substances. Studying chemistry is meant to find out
about phenomena in the surrounding environment, so
that the learning process does not only learn about
cognitive mastery in the form of theory. Here, students
also need to sharpen their thinking and reasoning
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process skills (Nurkholik & Yonata, 2020). Therefore,
during learning chemistry, high-order thinking skills
(HOTS) is required to solve some problems in the form
of theories, concepts, laws, and facts (Danggus, 2014).
However, most students consider chemistry as a
difficult subject to understand (Yakina, Kurniati, &
Fadhilah, 2017) because chemistry deals with reactions,
calculations, and abstract concepts (Ismawati, 2017).

One of chemistry materials is acid-base whose
phenomena are easy to find in everyday life (Sari &
Helsy, 2018). To wunderstand acid-base concept,
integration with other concepts such as the particle
nature of matters, the nature and composition of
solutions, structure of atom, ionic and covalent bonds,
symbols, chemical reactions and equations, ionization
and chemical equilibrium in the aqueous phase
(Sheppard, 2006). In addition, the concept of acid-base
emphasizes two components, namely algorithmic and
conceptual. Algorithmic understanding is required
when determining the concentration of acid-base
solution, pH or pOH, looking for Ka and Kb, and the
percent ionization. Conceptual understanding involves
an explanation of various acid-base phenomena in life
(Drechsler & Schmidt, 2005). The learning process of
acid-base must be contextual, creative, and critical to
explore the deeper knowledge. However, so far, the
learning process of acid-base has just involved
understanding theories, reactions, formulas and
exercises with routine procedure. Therefore, students
barely have a chance to practice their HOTS. Based on
PAMER application, the percentage of mastery of the
materials for chemistry national exam based on basic
competences of acid-base in the 2018/2019 academic
calendar is 44.91% at the national level (Puspendik,
2019). The lack of availability of HOTS-based test
instruments also leads to the lack of students' cognitive
mastery on acid-base materials.

This study aims to develop a valid and reliable
HOTS item on acids and bases in multiple-choice form.
The HOTS question assessment instrument is expected
to improve students' higher-order thinking skills in
working on HOTS-type questions. In addition, it can
also be an alternative for teachers in measuring students'
HOTS abilities in acid-base materials.

Method

This research used research and development
(R&D) method. According to Sugiyono (2014), research
and development method is a research method used to
create certain product and test its effectiveness. This
research also used a 4D development model consisting
of define, design, develop and disseminate. The stage of
defining consists of needs analysis and curriculum
analysis. The stage of design aims to design the
instrument to be developed. The development stage
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involves validation from material expert lecturer, media
expert lecturer, peer reviewers (students majoring in
chemistry education), chemistry teachers of high school,
and a limited trial for science students in eleventh grade.
A limited trial was conducted on 30 science students in
eleventh grade of SMA Negeri 8, Yogyakarta.

The research instruments used to develop the
product were observation sheets, quality assessment
sheets, and HOTS-based question on acid-base. Data
analysis technique was done by converting qualitative
and quantitative data into descriptive form based on the
results of assessment. The assessment conducted by
material expert lecturer and media expert lecturer used
5 point Likert scale. The assessment by chemistry
teachers of high school used Likert scale that was
processed based on the Aiken index.

V=Y5/[n(c-1)] (1)

Description:

V = validity index

c = highest validity score

n= a number of assessors
s=1r-Io

r = the score given by the assessor
Io = lowest validity score

The results of Aiken index for an item or device can
be categorized based on its index. Items can be accepted
if the index obtained is greater than 0.88 (Azwar: 2012).

The data from the limited trial were analyzed by
using IBM SPSS 20 and ANATES programs. Validity and
reliability were analyzed by using SPSS while level of
difficulty and distinguishing power were analyzed by
using ANATES.

In this research, validity was calculated with the
help of the IBM SPSS 20.0 program. The validity test of
the instrument used Pearson Product-Moment
Correlation Coefficient with a significance level of 5% as
follows (Arikunto, 2018).

NEXY-(EX)(XY)

T (IX) INZY -(2Y] 2)
Description:
Py T Correlation coefficient between variables of X
and Y
X = Score of each item
Y =Total score

> XY= The number of multiplications between
variables of X and Y
¥ x> = The number of squares of X variable

ZYZ =

N = The number of subjects

The number of squares of Y variable
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If the decision making is based on the value of rcount
(Corrected Item-Total Correlation) > rtable, the question
can be considered to be valid. The criteria for classifying
the level of validity can be seen in Table 1 below (Arifin,
2013):

Table 1. Classification of Validity Level

Coefficient Interval Validity Level
0.81-1.00 Very high
0.61-0.80 High
0.41-0.60 Fair
0.21-0.40 Low
0.00-0.20 Very low

The reliability of instrument was measured by
using the Cronbach's Alfa method as follows (Arikunto,
2018):

Lk %S )

Yk,
Description:

Iy = The value of realibility

yS = The number of variance scores for each item

S, = Total variance
k = The number of items

This scale was measured based on the Cronbach's
Alfa scale, which was 0 to 1. If the scale is grouped into
five classes with the same range, the stability
measurement of Alpha can be interpreted as follows
(Sudjiono, 2015):

a. Cronbach's alpha value of 0.00-0.20 = less reliable

b. Cronbach's alpha value of 0.21-0.40 = quite reliable
c. Cronbach's alpha value of 0.41-0.60 = moderately
reliable

Cronbach's alpha value of 0,61-0,80 = reliable

e. Cronbach's alpha value of 0,81-1,00 = very reliable

The difficulty index can be determined by using the
formula 4.

e

p=B (4)
JS
Description:

P = Difficulty index of question

B = The number of students who answer the question
correctly

JS = The number of students taking the test

The classification of the difficulty level of question
is presented in Table 2 (Arikunto, 2018):

Table 2. The Classification of Difficulty Level

Difficulty Index (P) Criteria
0.00<P< 0.30 Difficult
0.30<P<0.70 Moderate
0.70<P<1.00 Easy
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The distinguishing power of multiple choice
questions can be analyzed by using the following
formula 5 (Arikunto, 2018):

DP= =PA-PB @)

Description:

DP  :Distinguishing power index

PA  : The proportion of upper students who answer
correctly

PB  : The proportion of lower students who answer
correctly

Furthermore, the classification of distinguishing
power can be seen in Table 3 below (Arikunto, 2018):

Table 3. The Classification of Distinguishing Power

Distinguishing Power (DP) Category
DP <0.00 Very bad
0.00<DP<0.20 Bad
0.20<DP< 040 Fair
040<DP< 0.70 Good
0.70 <DP <1.00 Very good

January 2023, Volume 9 Issue 1, 13-19

were stimulus, contextual, thinking levels of C4-C6, and
uncommon question.

In the development stage, validation was
conducted by expert and chemistry teachers of high
school. Material expert and media expert assessed the
instrument by using quality assessment sheet. The data
of quality assessment which were obtained from
material expert and media expert were in the form of
qualitative data which were then converted into
quantitative data by using 5 point Likert scale. The
results of the quality assessment by material expert can
be seen in Table 4.

Table 4. The Quality Assessment by Material Expert

Assessment Aspects Ideal Percentage (%) Category
Content 95.33 Very Good
Characteristics of 100.00 Very Good
HOTS Question

Role of HOTS 100.00 Very Good
Question

Total 97.67 Very Good

Result and Discussion

The development of HOTS-based assessment
instrument on acid-base solutions used a 4-D model
involving stages of define, design, develop, and
disseminate. The stage of define was carried out by
observing the results of the chemistry national exam and
interviews with chemistry teachers of high school in
Yogyakarta. Based on observation, high school students'
mastery on chemistry materials, according to the results
of National Exam in the academic year 2018/2019, in
which contained HOTS question, were still relatively
low. This shows that there are still students who have
not been able to apply their higher-order thinking skills
when working on question. In addition, based on
interviews with teachers, the availability of HOTS-based
assessment instruments was still little. One of them is
acid base material. Acid-base material is very important
so that students can understand about buffer solutions
and hydrolysis solutions.

Curriculum analysis was conducted by examining
the content standards contained in the curriculum 2013
in which includes a study of core competencies and basic
competencies of acid-base materials. The core
competence (known with KI) used in the HOTS-based
assessment instrument was KI 3 while the basic
competencies (known with KD) were KD 3.10 and KD
3.11. Based on KI and KD, indicators, grid question, and
HOTS items were then determined.

The design stage aimed to create HOTS-based
assessment instrument on acid-base materials. The
instrument was 20 multiple choice questions that meet
characteristics of HOTS question. Those characteristics

Furthermore, the results of quality assessment by media
expert can be seen in Table 5.

Table 5. The Quality Assessment by Media Expert
Ideal

Assessment Aspects Percentage (%) Category
Language 99.25 Very Good
Ghrapics 100.00 Very Good
Design 93.33 Very Good
Total 97.44 Very Good

Validation data, in the form of qualitative data, was
obtained based on assessment conducted by chemistry
teachers. It was converted into quantitative data by
using 5 point Likert scale and it was processed as well as
analyzed by using Aiken index. The data of quality
assessment by chemistry teachers can be seen in Table 6.

The quality assessment by chemistry teachers
consisted of 6 aspects including content, characteristics
of HOTS question, role of HOTS question, language,
graphics, and design. Those aspects were elaborated into
15 indicators. Based on chemistry teachers’ assessment,
it can be concluded that the Aiken index of 20 question
is greater than 0.88. All HOTS question about acid-base
which have been developed are acceptable and can be
used for limited trial.

The limited trial was conducted in eleventh grade
of IPA 7, at SMA Negeri 8 Yogyakarta. It involved 30
students. The results of data analysis were in the form of
validity, reliability, level of difficulty, and
distinguishing power.

The validity of items was tested by using the SPSS
20.0 program. Decision making was based on the value
of rarithmetic (Corrected Item-Total Correlation) >
rtable. The rtable for respondents (students) was 30, df =
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N-2 =30-2 = 28 is 0.361; a = 0.05 meant that the item was
considered to be valid. The results of item validity can
be seen in Table 7.

Table 6. The Data of Quality Assessment by Chemistry
Teachers
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statistics, an analysis by using the SPSS program. The
result of item reliability analysis can be seen in Table 8.

Table 8. The Result of Item Reliability Analysis
Reliability Score
0.899

Criteria
Very reliable

No. A?l:e Eﬁaiﬁil;f Conclusion
1 1.054 acceptable item
2 1.072 acceptable item
3 1.035 acceptable item
4 0.971 acceptable item
5 0.997 acceptable item
6 1.035 acceptable item
7 1.032 acceptable item
8 1.061 acceptable item
9 1.125 acceptable item
10 1.081 acceptable item
11 1.061 acceptable item
12 1.096 acceptable item
13 1.075 acceptable item
14 1.067 acceptable item
15 1.085 acceptable item
16 1.078 acceptable item
17 1.042 acceptable item
18 1.051 acceptable item
19 1.019 acceptable item
20 1.077 acceptable item
Average 1.056 acceptable item

Table 7. The Results of Item Validity

The value of Cronbach's alpha which was obtained
in this research was 0.899. It meant that the reliability of
test instrument which was aimed to measure students'
HOTS on acid-base material in class XI IPA was
categorized as very reliable.

The difficulty level of HOTS-based multiple choice
question in this research was analyzed by using 4.0.9
version of ANATES application. Based on the results of
analysis conducted on 20 multiple choice question, it can
be seen that there are 9 items in the medium category
and 11 items in the easy category. The distribution of
difficulty level of question can be seen in Table 9 below.

Table 9. The Distribution of Difficulty Level of Question

Index of Question Percen-

Difficulty Category Number Total taége

Level (%)

070<P< Easy 1,3,5,6,7, 11 55.00
1.00 10,11, 12,
13,15,17

030<P< Medium 2,4,8,9, 9 45.00
0.70 14,16, 18,
19,20

No. Item (Pearson Correlation Conclusion
Correlation) ~ Probability [sig.
(2-tailed)]
1 0.579 0.001 Valid
2 0.623 0.000 Valid
3 0.551 0.002 Valid
4 0.542 0.002 Valid
5 0.713 0.000 Valid
6 0.809 0.000 Valid
7 0.609 0.000 Valid
8 0.636 0.000 Valid
9 0.488 0.006 Valid
10 0.809 0.000 Valid
11 0.817 0.000 Valid
12 0.825 0.000 Valid
13 0.615 0.000 Valid
14 0.107 0.574 Invalid
15 0.441 0.015 Valid
16 0.550 0.002 Valid
17 0.562 0.001 Valid
18 0.565 0.001 Valid
19 0.707 0.000 Valid
20 0.358 0.052 Invalid

Based on the results of the validity test by using

SPSS 20.0, 18 items were declared valid. Items number
14 and 20 have reount (Corrected Item-Total Correlation)
< I'able SO that those were declared invalid.

An analysis of reliability test was viewed from the
value of Cronbach’s alpha gained from reliability

Distinguishing power of HOTS-based multiple
choice question on acid-base materials was analyzed by
using ANATES application. Based on an analysis
conducted on 20 multiple choice question, it was known
that 1 item was in the very bad category, 2 items were in
the sufficient category, 9 items were in the good
category, and 8 items were in the very good category.
The distribution of distinguishing power of question can
be seen in Table 10.

Table 10. The Distribution of Distinguishing Power
Index of

distinguishing  Category Qﬁf{iﬁg Total Percenta(llie):
power
DP <0.00 Very Bad 14 1 5.00
0.00<DP<0.20 Bad - - 0.00
0.20<DP<0.40  Sulfficient 1,15 2 10.00
0.40<DP< 0.70 Good 3,6,7,8, 9 45.00
10,13,
16,17, 20
0.70<DP< 1.00 Very 2,4,5,9, 8 40.00
Good 11,12,
18,19

This research produced a product, HOTS-based
assessment instrument on acid-base material for
eleventh grade, which can be used as an assessment
instrument. HOTS-based assessment instrument
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consists of 20 multiple choice questions with 5 answer
choices in each question. The assessment instrument,
which has been developed, consists of stimulus, C4
(analyzing), C5 (evaluating), C6 (creating), multi-
concept, unusual, and contextual question that can be
used by teachers to measure students' higher order
thinking skills (HOTS).

HOTS-based assessment instrument was assessed
by material expert lecturer, media expert lecturer, and
reviewers (chemistry teachers). Based on quality
assessment by material expert, the product gained a
percentage of 97.67% and it was categorized as Very
Good (VG). Furthermore, according to quality
assessments by media expert, a percentage of 97.44%
was obtained and it was categorized as Very Good (VG).
Hereafter, based on quality assessments by reviewers/
chemistry teachers, all items were acceptable and
suitable for use in field trial. Overall, HOTS-based
assessment instrument has good validity and reliability,
easy and medium difficulty levels, and quite good
distinguishing power. Research by Widhiyani et al.
(2019) states that valid and reliable HOTS questions can
be used to measure students' abilities in learning. In
addition, valid and reliable question instruments can be
used in further research (Hayati & Lailatussaadah, 2016)

Conclusion

Based on the results, it can be concluded that
development of HOTS-based assessment instrument on
acid-base material uses a 4D model that meets the
aspects of feasibility, validity, reliability, level of
difficulty, and distinguishing power. The quality of
product is assessed by material expert and it gets a
percentage of 97.67 % with the Very Good (VG) category;
from media expert, it gets a percentage of 97.44% with
the Very Good (VG) category; from chemistry teachers
of high school, it contains acceptable and suitable items
which can be used for field trial. Meanwhile, based on a
limited trial, 18 wvalid items and 2 invalid items are
obtained in the product; at the reliability level, the
product is categorized as very reliable with Cronbach’s
alpha value of 0.899; at difficulty level of items, the
product contain 11 easy items and 9 medium items; at
the level of distinguishing power, it has 1 very bad item.
2 sufficient items, 9 good items, and 8 very good items.
Therefore, the resulting assessment questions
instrument can be used to measure students' HOTS
knowledge.
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