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Abstract. Higher-order thinking skills (HOTS) become one of the major focuses of 21st-century
learning. Those skills can be trained through stimulus in the learning process and assessment that
uses hots-based questions. The research aims to generate higher-order thinking skills qualified
questions on colligative properties of solutions that fulfill validity and reliability instrument. This
research uses the Borg & Gall development model that consists of data collection, product planning,
expert validation, limited trial, and final product improvement stages. The data collection procedure
consisted of a study of documentation, validation sheets, and tests. Validation sheets are used to
carry out validation tests and product quality assessments by experts and reviewers. The test was
used to conduct a limited trial by 40 students of class XII MAN Temanggung. The test subjects were
selected using a purposive sampling technique. The results of this study were 20 HOTS-qualified
multiple-choice questions on the colligative properties of solutions that have very good quality by the
experts and reviewers' judgment. Item analysis based on the results of the limited test on 40 students
showed 17 items (85%) were valid with a reliability value of 0.82 (very strong); the difficulty level
of the items is 15% easy, 75% medium, 10% difficult and; the distinguishing power of questions
obtained 85% good categories. It can be concluded that the HOTS-qualified questions for the material
of Colligative Properties of Solutions have good quality and are suitable for use as an assessment
instrument.
Keywords: question, higher-order thinking skills (hots), colligative properties of solutions

Introduction

Higher-order thinking skills (HOTS) become an indicator of the success of learning
in the 21st century (Tan & Halili, 2015). HOTS is the main component in 21st-century
learning that has to be owned by students (Monari, 2020; Cox, 2019; Chalkiadaki, 2018;
Quieng et al., 2015). HOTS is the ability to solve the problem through the association of
new knowledge and old knowledge by connecting several facts and then converting them
into new solutions (Nursalam et al., 2018). Through HOTS, students can distinguish ideas
clearly, deliver arguments well, solve problems, construct explanations, make hypotheses,
and understand complexities, even preparing students to become superior and successful
individuals in their careers (Dinni, 2018; Widiawati et al., 2018). However, the HOTS of
students in Indonesia still needs to be improved. Based on Programme for International
Student Assessment (PISA) which uses HOTS-oriented questions as to its instrument, in
2018, Indonesia was ranked 72nd out of 77 participating countries (OECD, 2019).
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The implementation of the 2013 Curriculum is an effort by the Indonesian
government to improve the quality of students, especially HOTS (Kurniawan & Lestari,
2019). There are improvements to the curriculum components in the 2013 curriculum, such
as content standards and assessment standards which focus on HOTS (Astutik, 2018).
Assessment standard in the 2013 curriculum is established by adapting the international
standard assessment model, one of which is the HOTS-oriented assessment model
(Setiawan et al., 2021; Widana, 2017; Chinedu et al., 2015; Wang & Wang, 2014). By the
existence of HOTS, it is expected that students can have critical and creative thinking skills
and understand learning materials more deeply (Rintayati et al., 2020; Widana, 2017). The
government has implemented the application of HOTS-based assessment by increasing the
standard of HOTS-based national examination questions starting in 2016 (Sumaryanta,
2018). The average result of the national examination in 2019 for high school majoring in
science was 53.16 (Puspendik, 2019). The National Examination average of 53.16 is still
very low (D category), so it needs to be increased. This is also done with research
conducted by Ichsan et al., (2019), which shows that most students have low HOTS
abilities, so they need to be improved through various media developments, materials,
models, and HOTS-based learning strategies. However, it is still a big challenge for some
teachers to find a suitable learning model in creating hots in students (Husamah, et al.,
2018).

HOTS can be practiced and developed through learning activities in the classroom,
starting from the learning process to learning evaluation (Wiyaka et al., 2020; Abosalem,
2015; Chinedu et al., 2015). Tajularipin et al., (2017) stated that HOTS is an ability that
must exist in every learning. In this case, the teacher plays an essential role in stimulating
students' thinking by learning and questions that can improve students' HOTS abilities
(Kurniawan & Lestari, 2019; Tajularipin Sulaiman et al., 2017). Teachers should often
provide HOTS practice questions to improve students' higher-order thinking skills (Putri et
al., 2019). Students' HOTS abilities must also be practiced by providing HOTS-based
learning resources, planning and implementing cooperative and collaborative learning
(Widyaningsih et al., 2021; Warner & Kaur, 2017). Driana & Ernawati (2019) stated that
the success of developing students' HOTS by the teacher could be seen from the results of
the assessment used by the teacher. However, most teachers are still not optimal in
developing HOTS-based assessments because they lack understanding of HOTS, and they
also have difficulty formulating indicators used in HOTS-based assessment instruments
(Widyaningsih et al., 2021; Retnawati et al., 2018; Salirawati et al., 2017). Based on
interviews with chemistry teachers in Temanggung Regency, to compile HOTS-loaded
questions, references are required as a matrix for developing questions used in the
assessment. According to the findings of Wiyaka et al., (2020), there is little research and
literature on HOTS-based evaluation that can be utilized as a reference. As a result,
teachers in schools tend to use questions that test the aspect of memory so that students
are less trained to solve questions that measure higher-order thinking skills (Yuliati &
Lestari, 2018; Budiman & Jailani, 2014). Therefore, developing an assessment instrument
that can measure students' higher-order thinking skills is very needed (Ichsan et al., 2019;
Tanujaya, 2015).

The HOTS-based assessment instrument is an assessment instrument that involves
the ability to analyze (C4), evaluate (C5), and create (C6) (Setiawan et al., 2021; Hanifah,
2019). HOTS-qualified questions can stimulate students to understand the lesson more
deeply so that they are not only able to apply, analyze and evaluate but will also understand
the factual knowledge being taught better (Jensen et al., 2014). These HOTS-qualified
questions can help train and improve students' HOTS, as well as increase students' self-
potential (Giatri et al., 2021; Setiawan et al., 2021). HOTS question is certainly different
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from questions in general, HOTS question has some characteristics, such as measuring
high-level abilities and it is based on contextual problems (Widana, 2017).

The most prominent characteristic of the HOTS question is contextual problem-based
stimulus. This means that the question can refer to real phenomena in life so that students
can apply learning concepts in class to solve problems (Widana, 2017). As one of the
sciences that is very close to life, chemistry is one of the sciences that require HOTS
because it deals with the representation of phenomena at the macroscopic level.
Macroscopic is a chemical representation obtained from real observation of a phenomenon
that is seen and perceived by the five senses or it can be in the form of everyday
experiences (Yanto et al., 2013). One of the materials that are close to everyday life and
involve macroscopic representation is the colligative properties of solutions. The proximity
of the colligative properties of solutions with everyday life makes this material important
to be studied by using a deeper level of thinking.

These problems can be solved by developing a valid and reliable HOTS-based test
instrument. The results of research conducted by Hardiani (2017) states that the process
of assessing student learning outcomes requires valid and reliable instruments so that
learning objectives can be achieved optimally. The application of the development of the
HOTS test instrument can develop HOTS and provide examples of HOTS form questions to
teachers. This research was carried out to generate HOTS-qualified questions on the
colligative properties of solutions that are valid and reliable and also can be used as an
assessment instrument to measure the level of thinking of students.

Methods

The research is development research (R & D) that adapts the Research and
Development model by Borg & Gall which is modified according to the objectives and
interests of the research. Five stages were applied in the research, such as data collection,
product design followed by product development, expert validation test, limited tryout, and
improvement of the final product.

The product in the form of HOTS-qualified questions on the colligative properties of
the solution was validated by one material expert lecturer and one media expert lecturer,
then improvements were made based on experts’ advice and inputs. The first improved
product was assessed by reviewers, five high school chemistry teachers, then the second
improvement was carried out. The second improved product was then tested restrictedly
towards 40 students of class XII MIPA of MAN Temanggung, Central Java, Indonesia. The
limited tryout in this research was conducted on April 20, 2021, online via Google Forms
due to the Covid-19 pandemic.

The data collection procedure in this study consisted of a study of documentation,
validation sheets, and tests. Validation sheets were used to carry out validation tests and
product quality assessments by experts and reviewers. Meanwhile, the test was used to
conduct a limited trial by 40 students of class XII MAN Temanggung. The test instrument
is in the form of 20 multiple choice questions with five answer choices each about the
colligative properties of the solution. The test subjects in this study were selected using a
purposive sampling technique. According to Sugiyono (2015), purposive sampling is a
sampling technique with certain considerations. In this study, sampling was assisted by a
chemistry teacher for class XII at MAN Temanggung.
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Data analysis was used to obtain a valid and reliable HOTS-based assessment
instrument. The data analysis technique in this study consisted of qualitative data analysis
from validation sheets and quantitative analysis of HOTS questions based on test results.
Validation of data from experts and reviewers using a qualitative descriptive method. This
means that input in the form of expert advice and reviewers is used as a reference for
product improvement before limited testing is carried out. A qualitative analysis of the
expert assessment was carried out to determine the feasibility and quality of HOTS
questions in terms of material, construction, language, and characteristics of HOTS
questions. The data obtained is in the form of a quality assessment in the form of letters
(Very Poor (VP) - Very Good (VG)) which is then converted into numbers using the
provisions of the Likert scale with a score of 1 to 5, with value interpretation; one very
poor; two less; three sufficient; four is good; and five is very good (Setiawan et al., 2021).
Then the average value is calculated to determine the feasibility of the questions. The
feasibility category for the product is interpreted according to Table 1. (Arikunto, 2013;
Ernawati, 2017):

Table 1. Product feasibility criteria

No. Score (%) Feasibility Category
1 <21 Very poor
2 21 – 40 Poor
3 41 – 60 Sufficient
4 61 – 80 Good
5 81 – 100 Very good

The data was obtained from the reviewers' assessment (five high school chemistry
teachers) in the form of numbers 1 - 5. The data obtained were analyzed using Aiken's V
formula to calculate the content validity of an item. Aiken's V formula is as follows (Aiken,
1985):

s
V

[n (c 1)]





Remark:
s = r – Io

r = the number given by the rater
Io = the minimum validity score
c = the maximum validity score
n = number of raters

The range of V is 0 to 1. The higher the number of V (approaching 1 or equal to 1), the
higher the validity of the item (Aiken, 1985). According to Retnawati (2016) if the number
of V≥0,8 means the item is accepted and is considered very valid.

In further, analysis quantitative of HOTS questions based on the results of limited
tryout was carried out with the help of the IBM SPSS 20 program and the AnBuSo 8.0
program. The analysis of questions was carried out to find out the characteristics of the
HOTS questions which included:

Validity test

The validity of the product, HOTS questions totaling 20 items, was calculated by
using the IBM SPSS 20 program. After that, it was interpreted with rtable at a significance
level of 5% with N = 40. The decision is taken with the condition that if rcount > rtable, the
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item is considered valid. Whereas, if rcount < rtable, the item is considered invalid (Sugiyono,
2015).

Reliability test

The reliability test of this instrument used an internal consistency estimation
technique by using the Cronbach-alpha formula, assisted by the SPSS IBM 20 application.
The questions are considered to be reliable if the alpha value is ≥ 0,6 (Sugiyono, 2015).

Level of difficulty

The difficulty level of the items aimed to find out how big the difficulty level of the
items that have been made is. To measure the difficulty level of the items, three categories
of questions, which are easy, medium, and hard were made is. The difficulty level is
calculated by the formula of difficulty index (Brookhart & Nitko, 2011):

(P) = NP / N
Remark:
(P) = difficulty index
NP = the number of students who answered the questions correctly
N = number of students taking the test
The analysis was carried out with the assistance of the AnBuSo 8.0 program. Through
analysis, the question criteria are made based on difficulty index (P) which is
provided the information that 0.00 – 0.30 is categorized hard; 0.31 – 0.70 is
categorized medium; and 0.71 – 1.00 is categorized easy (Setiawan et al., 2021).

Distinguishing Power

Analysis of distinguishing power of multiple-choice questions can be calculated by
the formula (Brookhart & Nitko, 2011),

B AJB JB
DP

n




Remark:
DP = differentiating question
JBB = number of students wrong answer from under the group
JBA = number of students wrong answer from one group
n = 27%  N

After the calculation, the questions were categorized into items that are accepted,
revised, and rejected. The category of distinguishing power of questions was made based
on the following criteria; if DP > 0.3, the question is good /accepted; if 0.2 < DP <0.3, the
question is fair /accepted with improvement; and if DP < 0.2, the question is poor/rejected.
The analysis to determine the distinguishing power was carried out with the assistance of
the AnBuSo 8.0 program.



Jurnal Pendidikan Sains Indonesia

Rahielanamy & Kamaludin: Development of Higher Order Thinking Skill..... |299

Results and Discussion

The development of HOTS qualified chemistry questions on the colligative properties
of solutions is designed using the Borg & Gall model which is limited to five stages of
development. The five stages consist of data collection, product design, expert validation,
limited trial, and final product improvement.

Literature study, field study, and material analysis were carried out at the data
collection stage (Sukmadinata, 2017). A literature study was carried out by reviewing
relevant previous research literature, and the results showed that HOTS is the main goal
in education and is one of the top five variables that can improve student achievement
(Pratama & Retnawati, 2019). According to Arifin & Retnawati (2017), the potential for
higher-order thinking of students can be developed through assessment activities using
hots-based questions. In a field study conducted by interviewing three high school
chemistry teachers in Temanggung Regency, HOTS-based questions are still not widely
used because of difficulties in compiling them. It coincides with the results of research by
Saraswati & Agustika (2020), that assessment instruments commonly used in schools such
as daily tests or grade ascension exam, questions at level C1 - C3 (lots) still dominate. The
results of research conducted by Widarta & Artika (2021) regarding the analysis of the
characteristics of champions on evaluation instruments stated that most of the questions
made by the teacher did not have a stimulus, the distribution of cognitive process
dimensions on the questions was uneven, and the questions made were not HOTS
questions. Kurniasi, et al., (2019) said that the difficulty of compiling hots questions is
caused by the lack of availability of references about hots. Therefore, more HOTS-based
assessment instruments needed to be developed (Sa’adah, et al., 2019; Nurulwati, 2019).
Material analysis by analyzing opportunities for basic competencies to form HOTS questions
seen from operational verbs in basic competencies. Basic competencies 3.1 and 3.2 on the
material colligative properties of solutions use the verb "analyze and distinguish" both of
which belong to the cognitive aspect of analyzing (C4) according to Bloom's taxonomy.
Therefore, the colligative properties of the solution have a high chance of forming HOTS
questions. It coincides with research conducted by Khaldun, et al. (2019) that basic
competencies with the cognitive level of analyzing are competencies that require high-level
thinking skills so HOTS questions can be made.

The HOTS questions produced in this study amounted to 20 multiple-choice questions
according to the characteristics of the HOTS questions. Multiple-choice questions can be
used as a HOTS-qualified instrument to measure micro-dimensional critical thinking skills
such as making the most reasonable assumptions, seeing the author of the goal, choosing
the most appropriate conclusions. The HOTS questions are arranged based on the grid that
has been made (King, et al., 2010; Mustika, et al., 2018). The grid is important in making
questions because it can make it easier to write the questions and improve the quality of
questions as an assessment instrument (Werdayanti, 2008; Leksono, et al., 2013; Fahdini,
et al., 2014; April, 2019). After the product have been compiled are then assessed by
validators (material experts and media experts) to determine their feasibility. The level of
product feasibility can be determined based on the assessment of experts (Ramadhan, et
al., 2019). After the expert’s validation, the researcher made improvements to the draft
questions based on suggestions or input from the validator. The results of the draft
improvement were assessed by five high school chemistry teachers in Temanggung
Regency for further analysis of the content validity before conducting a limited trial.

The valid HOTS questions were then tested on the 12th-grade students of MAN
Temanggung who had obtained the colligative properties of the solution. The trial was
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carried out on April 20, 2021, online via google form due to the pandemic. One of the
developed questions in this research can be seen in Figure 1.

Radiator water is a special fluid in motorized vehicles that cool the engine temperature so
as not to overheat. In areas with shallow temperatures, radiator water will quickly freeze
to cause damage to motorized vehicles' components. To prevent car radiator water from
freezing, adding a liquid that is difficult to freeze is necessary. A car radiator containing 5
liters of water is in a wintering area with a -20oC. To prevent the car radiator water from
freezing, the thing to do is…. (Kf of water = 1.86°C/m)
A. increase the volume of radiator water used to four times the initial volume
B. reduce the radiator water by 2 liters
C. add 1.5 liters of 2.5 M hydrochloric acid to the radiator water
D. add 3 liters of ethylene glycol (ρ = 1.11 g/mL) to the radiator water
E. add 1.0 mole of ethylene glycol (C2H6O2) solution in the radiator water

Figure 1. HOTS question on colligative properties of solutions

The question in Figure 1 is the HOTS question because it conforms with the HOTS
criteria. The question uses contextual stimuli and it is educational for students. According
to Laily & Wisudawati (2015), a stimulus needs to be present in each item to be able to
bring up the HOTS ability. HOTS questions involving contextual stimuli are expected to be
able to train students to solve problems using their reasoning and logic (Saraswati &
Agustika, 2020). The question also measures students' abilities to process, apply, and use
the information of stimuli which is in the form of reading. In addition, the development
questions can be used as a test assessment instrument that measures the high-level
thinking skills of high school students in the matter of colligative properties of solutions.
This is reinforced by the opinion of Rahayu, et al., (2020) that a question that reflects the
HOTS question must have the characteristics of being able to regulate higher-order and
problem-based thinking skills that are presented contextually in the form of case studies
or tables.

HOTS-qualified assessment instruments can increase the students’ potency and
encourage them to think more deeply about the material being studied (Jensen et al.,
2014; Setiawan et al., 2021). According to Widarta & Artika (2021) student who are
accustomed to resolving problems requiring hots are expected to solve life’s problems.
Teachers need HOTS questions because many teachers have not made HOTS questions
(Armiati et al., 2020).
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Product Validation

The product consisting of HOTS-qualified questions on the colligative properties of
solutions is validated by a material expert lecturer, a media expert lecturer, and five high
school chemistry teachers as reviewers. The validation aims to know the feasibility of the
product (Ibrahim & Ishartiwi, 2017; Dewi, et al., 2018; Putri, et al., 2022). Expert
validation is an important role in developing HOTS questions before analyzing the items
through limited trials. This aims to see the quality of the initial product from the HOTS
qualification questions which are then improved based on input and suggestions from
experts and reviewers (Sa'idah, et al., 2018). Product validation by experts was carried
out once. It was validated by one material expert and one media expert. Validation data
from experts, in the form of criticism and suggestions, are used as a reference for product
improvement. According to the material expert, several questions need to be improved,
especially on questions discussing the concentration of substances. Meanwhile, according
to the media expert, all questions in the point of construction, graphics, and language are
good and they do not need to be improved. In addition to criticism and suggestions, experts
also provide quality assessments which were then converted into numbers. Furthermore,
the percentage of the average score of each question in the assessment aspects was
analyzed. The analysis results of the validation and the assessment of media and material
experts can be seen in Figure 2 and Figure 3.

Figure 2. Analysis result of material expert’s validation

Figure 3. Analysis result of media expert’s validation
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Based on the material expert’s assessment, the average percentage for the material
aspect is 91%, the characteristic of the HOTS-question aspect is 91%, and the role of the
HOTS-question aspect is 100%. Overall, an average score of 94% is obtained from
validation by a material expert. Furthermore, assessment by media experts involves three
aspects, those are aspects of construction, graphics, and language. In those aspects, an
average score of 100% is gained. It means that the questions developed are in the very
good category (Purnamasari, 2015). This shows that the product is very feasible to be used
as a test instrument to measure students' high-level skills. These results are in line with
research conducted by Yuliantaningrum & Sunarti (2020), the development of a hots
question instrument to measure critical thinking, creative thinking, and problem solving is
feasible to use with material, language, and construct validity values of 83.33%, 89.85 %,
and 92.42% in the category of very suitable for use.

The validation and assessment of reviewers (five high school chemistry teachers in
Temanggung Regency) aim to determine the content validity of the developed product.
Content validity is the validity that is estimated through testing against the feasibility of
test content through rational analysis through expert judgment (Azwar, 2013). The
assessment is carried out by giving a score between 1 (very unrepresentative or highly
irrelevant) and 5 (very representative or very relevant). The scores obtained from the
results of the reviewer's assessment were analyzed using Aiken's validity analysis. The
results of the analysis can be categorized as valid if they meet the coefficient limit Aiken’s
V. The boundary conditions for the Aiken’s V coefficient for 5 rating scales and 5 raters are
0.80 with a probability of 0.40 (Aiken, 1985). The results of the reviewer's assessment
analysis can be seen in Figure 4.

Figure 4. The result of the reviewer’s assessment

The reviewer's content validation analysis shows that the overall coefficient of each
item is greater than or equal to the valid criteria of 0.80. The test results show that the
overall instrument items developed with 20 valid items with an average coefficient level of
0.879. Based on these results if the validity coefficient ≥ 0.80 means the item can be said
to be valid (Retnawati, 2016). This is line with the research result of Qirom, et al., (2021)
on the development of hots-questions, the items developed are valid with Aiken’s V value
0,759.
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Analysis Data of Limited Trial

The limited trial was carried out on April 20, 2021, via Google Forms, and involved
40 students of class XII MIPA of MAN Temanggung. The data of this limited trial are used
for item analysis. The research of Warju, et al., (2020) stated that item analysis holds an
important role in determining the validity of the questions and producing good quality
items. This is a line with Widarta & Artika (2021) that the quality of the evaluation
instruments that have been made needs to be controlled through analysis on each item.
The result of limited tryout was analyzed to determine the quality of the HOTS questions
according to the characteristics of the questions as follows:

Question Validity
Analysis of multiple-choice questions was calculated by using the SPSS IBM25

program to test the validity of questions according to the limited trial which has been held.
Arifin (2017) said that a good and appropriate assessment instrument must have two
important requirements, valid and reliable. Furthermore, the validity was interpreted by
rtable at a significance level of 5% with N = 40. Then, a rtable of 0.312 was obtained and
there were 17 (85%) valid questions and 3 (15%) invalid items. The invalid items are
questions number 3, 9, and 10. These invalid items need to be improved to be used as test
questions (Khaldun, et al., 2019). The result of question validation is shown in Figure 5.

Figure 5. The result of the validity test

Question Reliability
Instrument reliability was calculated using the Cronbach-Alpha formula with the

help of SPSS IBM 25. According to Hayati & Lailatussaadah (2016), if the value of
Cronbach-Alpha is more than 0.7, it means that the instrument can be used and is reliable.
The calculation results show that the question reliability is 0.82 on 17 valid questions, which
means that the questions have a very strong level of reliability (Sudijono, 2013). These
results are in accordance with the results of research by Khaldun, et al., (2019), the
development of computer-based higher order thinking skills questions, has a reliability
index of 0.763 which is included in the very high category. An assessment instrument with
a high-reliability index can minimize errors so that the assessment becomes more accurate
(Jamillah, 2021).
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Difficulty Level
The difficulty level of the developed HOTS question was analyzed by using the

AnBuSo 8.0 program. The analysis shows that 3 (15%) questions have a difficulty index
≤0,3 which means that questions classified as the hard question; 15 questions (75%), that
have a difficulty index 0,31 – 0,70, are classified as medium and; 2 questions (10%) have
a difficulty index ≥0,71 are easy questions (Setiawan, et al., 2021). The average level of
difficulty in the medium category (0,55). The level of difficulty of the question is defined
as a good question is a question with a medium category (Nuryanti, et al., 2018). In
addition, Dewi, et al., (2021) the questions that are too difficult will make it difficult for
students to answer and they do not want to try to solve the question, while questions that
are too easy cannot provide motivation and stimulation for students to think deeply. The
analysis result can be seen in Figure 6.

Figure 6. The analysis result of difficulty level
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Figure 7. The analysis result of distinguishing power

This research has limitations, one of which is that the product development trial has
not yet reached the stage of a wider field trial. This research is only tested on the limited
trial stage involving one school, MAN Temanggung. The suggestion for further research is
that a field trial involving more respondents should be conducted. In addition, research on
the development of HOTS questions is still limited to one of the basic competencies of
chemistry in class XII so further research is required to be able to develop a HOTS
assessment instrument on other basic competencies. Any effort to support the
improvement of students' higher-order thinking skills is very important to be done.

Conclusion

Based on the results of research and data analysis on the development of a HOTS
qualified assessment instrument on the material "colligative properties of solutions" it can
be concluded that the feasibility of HOTS questions is based on expert and reviewer ratings,
respectively, by 94% from material experts, 100% from media expert assessments. The
content validity of the product based on the reviewer's assessment which was processed
using the Aiken formula obtained an average Aiken’s v coefficient of 0.879 which means
the items developed are very feasible / very valid. This shows that the hots item is feasible
to be used as an assessment instrument. Quantitative analysis on the HOTS questions that
have been tested shows that there are three invalid questions out of the 20 questions with
an average reliability level of 0.82 (very strong category). The HOTS questions on the
colligative properties of the solution have met the standard of eligibility in terms of validity,
reliability, difficulty level with an average score of 0.55 (medium), and distinguishing power
with an average score of 0.42 (good). The HOTS questions can be used by students as
training materials for higher-order thinking skills and as a reference for teachers in
compiling and developing HOTS-based questions independently which will be implemented
in learning.
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