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Abstract

Background/purpose. Higher order thinking skills (HOTS) are
conceptually qualified critical-thinking skills, based on Bloom’s
revised taxonomy. Frequently used assessments in schools may not
always optimally help learners deal with problems conceptually. The
habit of teachers preparing test questions without being based on a
test grid, but relying only upon questions sourced from textbooks,
can result in students not being adequately trained in higher-level
thinking skills. Especially in chemistry subjects, it appears that the
ability of students to analyze and solve problems is very low.

Materials/methods. This research and development (R&D) study
employed the Borg and Gall development model on the research
subject of HOTS instruments. The study population was from the
Muara Beliti sub-district of Musi Rawas, South Sumatra, Indonesia,
and was conducted with 102 students from seventh-grade IPA
(International Program on Science Education) classes 1, 2, and 3.
Data analysis included tests for validity, reliability, proportion of
guestions, and discrimination of questions were analyzed according
to the classical method.

Results. The research found 10 questions to be valid and reliable. The
developed HOTS instrument may therefore be effectively employed
to measure the high-level thinking ability of high school students in
learning chemistry, especially on Voltaic cell material. Tests that
utilize HOTS instruments have the potential to encourage students to
develop higher order thinking skills in the subject area.

Conclusion. This study concluded that: 1) The developed HOTS
assessment instrument consisted of 10 essay questions that were
found to be valid and appropriate in terms of construct, language,
and material aspects; 2) Reliability of the HOTS assessment
instrument was categorized as high, with a coefficient of .7420.
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1. Introduction

In 2018, PISA (Programme for International Student Assessment) released its latest report on
student literacy levels in various countries, including Indonesia. This data provided an overview of
the extent of Indonesian students’ literacy skills compared to other countries that were part of the
PISA assessment at that time (Ayubi et al., 2023). Based on this PISA data, Indonesia was ranked
74th out of 79 member countries in terms of student literacy. The development of critical thinking,
creativity, and problem-solving skills have been emphasized for learning in the 21st century
(Chalkiadaki, 2018; Conklin, 2011; Quieng et al., 2015; Udompong & Wongwanich, 2014). The
importance of developing critical thinking, creativity, and problem-solving skills in learning demands
an appropriate assessment concept that can reflect the desired learning objectives. In this context,
Indonesia’s Curriculum 2013 uses an assessment standard based on an international standardized
assessment model (Chinedu et al.,, 2015; Sepriyanti et al., 2022). Higher order thinking skills, or
HOTS, serve to train learners’ abilities at a high level in the cognitive domain, including levels C4
(analyze), C5 (evaluate), and C6 (create) in Bloom’s revised taxonomy. With a focus on these skills,
learners are encouraged not only to understand information, but also to analyze, evaluate, and
create new solutions or concepts (Abidin et al., 2019; Kusuma et al., 2017; Wardany et al., 2017).

Education systems play a crucial role in supporting the acquisition of HOTS by learners since
these skills can be enhanced through learner-centered teaching (Guskey, 2007; Halpern, 1998;
Hmeli & Ferrari, 1997). However, not all learners receive adequate education to develop HOTS
skills, and the quality of teachers is not always evenly distributed across schools (Clotfelter et al,,
2005). Schools in some areas tend to have less experienced teachers who are new to the
profession, and who often face difficulties in terms of basic teaching skills and may lack the
necessary skills to develop a learner-centered teaching environment.

According to Demirhan and Koklukaya (2014), teachers have an important role in developing and
improving students’ higher order thinking skills. To equip learners with these abilities is one of the
important goals of education and is a critical issue worthy of discussion and development (D’Alessio
et al.,, 2019; Gojkov et al.,, 2015). Many universities have been criticized for putting insufficient
effort into helping learners to acquire problem-solving and higher-order skills (McCormick, 2015;
Mclaughlin et al., 2014). Studies related to the development of higher-order thinking skills in
learners, such as critical and analytical skills, are therefore needed (McDonald, 2012; Qing et al,,
2010).

HOTS (higher order thinking skills) are conceptually qualified critical-thinking skills, based on
Bloom’s revised taxonomy (Madhuri et al., 2012). Learners in the 21st century not only require the
ability to remember and recall information, but must also employ higher thinking skills in order to
address today’s increasingly complex problems. In addition, they need to have the ability to think
critically and creatively (Madhuri et al., 2012; Mahoney & Harris-Reeves, 2019). Learning in schools
can not only teach students to remember concepts and knowledge, but can also encourage the
ability to analyze, evaluate, and create solutions to problems as they are encountered (Barbara &
Wendy, 2010; Heong et al., 2011). Today’s learners are expected to effectively train themselves by
answering HOTS questions that are interesting to solve as a means to improving their higher order
thinking skills.

In some Indonesian schools, the syllabus of Curriculum 2013 serves as a guideline for student
learning activities to develop their critical-thinking skills (Fischer et al., 2011). However, some high
school teachers in Indonesia have assessed that a mismatch exists between the requirements of
Curriculum 2013 and the reality practiced in schools. In this context, as many as 86% of teachers in
Indonesia still assess students at the remembering level (C1) in the cognitive domain (Abosalem,
2016). Research (Atitullah et al., 2019) has shown that there are 158 questions related to reading
comprehension in the textbooks for grade 5 high school students in Indonesia. However, only 24 of
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these questions are aimed at higher-order thinking. Research conducted by Febrina et al. (2019)
revealed that starting from grade 6 textbooks are used in one semester, and that 66.8% of
comprehension questions have a focus on HOTS, while 33.4% of questions are at the LOTS level. In
a study conducted by Febriyani et al. (2020), it was stated that most of the questions in grade 7
textbooks were at the HOTS level.

Frequently used assessments in schools may not always optimally help learners deal with
problems conceptually (Afflerbach et al., 2015; Boone et al., 2014; Haley et al., 2011). The habit of
teachers creating test questions without being based on a test grid, and only relying on questions
sourced from textbooks, can cause students not to develop higher-level thinking skills. Especially in
chemistry subjects, it appears that the ability of students to analyze and solve problems is very low
(Avargil et al., 2012; Drake & Nelson, 2008).

Based on the results of interviews conducted with high school chemistry teachers, it was found
that the initial ability of students in the seventh-grade IPA (International Program on Science
Education) class two was quite good, although there were still some scores below the average. The
teacher worked to develop the students’ higher order thinking skills (HOTS) in chemistry learning
and tested the questions both as part of the mid-semester assessment (PTS) and the end-of-
semester assessment (PAS). An interview with the seventh-grade IPA (International Program on
Science Education) chemistry teacher for class one revealed that HOTS questions had been used
during the learning process, although not on a regular basis. The teacher reportedly remained
committed to preparing HOTS questions to support students’ chemistry learning. In support of the
current research, the participant chemistry teachers agreed to conduct item (question) trials. They
expressed their belief that the right questions could help improve learners’ abilities to answer
guestions correctly and were a means to encouraging the development of students’ analytical skills.

Based on several previous studies on HOTS, the researchers in the current study identified a gap
in the literature and aimed to develop a HOTS instrument that used essay-based questions. As such,
the current study tests the validity and reliability of a HOTS instrument on the Volta cell chemistry
topic.

2. Methodology
2.1. Type of Research

This paper adapted the research and development (R&D) study type using the Borg and Gall
development model (Gall et al., 2007).

2.2. Research Design

The development model was modified and adapted in several stages in accordance with the
objectives and interests of the current study (Kinay & Bagceci, 2016; Weiss, 2011). After applying
the revisions, the product was revalidated by the chemistry teacher, and the revised product tested
on three classes at SMAN 2 Muara Beliti school located in Musi Rawas, South Sumatra, Indonesia.

2.3. Research Subject

The study researched higher order thinking skill instruments in chemistry learning; specifically,
Voltaic cell material, with a focused population in the Muara Beliti sub-district of Musi Rawas, South
Sumatra, Indonesia. The sample of the study were three seventh-grade IPA (International Program
on Science Education) classes, with a combined total of 102 students. The research was conducted
during February and March of 2022.
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2.4. Data Collection Techniques and Instruments

The data collection techniques applied in this study involved the use of questionnaires and
tests (Aman, 2019). Questionnaires were used to assess the expert variables, specifically higher
order thinking skills (HOTS). The data collection instrument involved an essay or polytomous test
(Arifin, 2016; Boopathiraj & Chellamani, 2013) consisting of 10 questions. Validation of the
questionnaire was conducted by a test instrument expert in order to assess the validity of the
developed HOTS instrument (Brown et al., 2018; Pommerich, 2004; Szilagyi et al., 2013).

2.5. Data Analysis Techniques

Data analysis techniques were applied so as to obtain validity and reliability values (Cooper,
2023). The following subsections outline the data analysis processes employed.

2.5.1 Qualitative Data Analysis of Validation Sheet Results

Qualitative analysis of the validation sheets used was conducted by experts to assess the
developed HOTS instrument based on material, construction, and language aspects (Cavallo et al.,
2010; Polit & Beck, 2006; Setiawan et al., 2020). The assessment was conducted using a Likert-type
scale, with items each given a certain value. The analysis of the HOTS instrument was calculated
according to V'aiken’s coefficient.

2.5.2 Quantitative Data Analysis of HOTS Test Questions

Quantitative analysis was conducted using Microsoft Excel program by considering the
characteristics of the HOTS items.

a. Validity Test

A validity test was conducted using the correlation formula, with the calculation results
compared to the r-table value, with a significance level of 5%. Iltems were considered valid where
the calculated r-count value was found to be greater than or equal to that of the r-table value.
Conversely, if the calculated r-count value was smaller than the r-table value, then the item was
considered to be invalid (Azwar, 2016). The validity of the description items were calculated using
Equation 1.

. Xxy
Ty = Faryyt )

b. Reliability Test

The reliability test was conducted according to the KR-21 or Cronbach’s alpha formula, since
the questions in this study were in essay form. The reliability criteria was set with a coefficient
interval value of > .70 (Mardapi, 2008; Retnawati, 2016). Table 1 presents the reliability test criteria,
with the formula used shown as Equation 2.

- (%) (-5 @

Table 1. Test Reliability Coefficient Criteria (Miterianifa, 2016)

No Range Criteria

1 a<.20 Very low
2 20<a<.40 Low

3 A0<a<.60 Simply

4 .60<a<.80 High

5 .80<a<1.00 Very high
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c. Proportion Test of Questions

Analysis of the difficulty level of the test questions was needed in order to categorize them as
difficult, moderate, or easy questions. The level of difficulty was calculated according to Equation 3.
_ XA+ Y B—(2N skorpin) (3)

T 2N (skormaks— SkoTrmin)

Regarding how to interpret the item difficulty index number, the book entitled “Measurement
and Evaluation in Psychology and Education” by Robert L. Thorndike and Elizabeth Hagen
mentioned criteria that can be used to assess level of difficulty, which was interpreted as shown in
Table 2 (as cited in Sudijono, 2013).

Table 2. Range of Problem Proportions (Sudijono, 2012)

Score range Difficulty level
.00<x<.30 Difficult
31<x<.70 Moderate
.71<x<1.030 Easy

d. Question Item Discrimination

ltem discrimination concerns the ability of the test to distinguish between high-ability students
and low-ability students. The index of the differentiating power of the items uses standard
deviation and product moment correlation, and the formula used is the t-test, as shown in
Equation 4. Items are said to have differentiating power if tcount > ttable, with a significance level
of 5%. Conversely, items are said not to have differentiating power if tcount < ttable, with a
significance level of 5%.

t = (X1—-X32) (4)

T X3+3 X3
nl(nz—l)

3. Results and Discussion
3.1. Expert Validation

Validation was conducted by six experts who assessed the construct, language, and material
aspects of the test items. The process involved validation sheets used by the construct and content
experts, which were then analyzed according to the V’'Aiken formula in order to calculate the
content validity coefficient. Results of the validation process conducted by the construct experts is
shown in Table 3, whilst the content experts’ validation results are shown in Table 4 for language
and in Table 5 for material aspects.

Table 3. Validator’s Assessment of the Construct Aspect

Indicator statement V’Aiken Criteria
coefficient

The subject matter should be formulated clearly and 71 Instrument can be

unequivocally. used

The main formulation of the question must be a statement .82 Instrument can be

related to the material being measured. used
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Indicator statement V’Aiken Criteria
coefficient

The subject matter does not provide clues to the answer. .78 Instrument can be
used

Stimuli in the form of graphs, figures, tables, diagrams, and the .80 Instrument can be

like contained in the question must be clear, explicit and used

functional.

The sentence formulation of the question must use an .79 Instrument can be

interrogative word or command that demands an elaborated used

answer.

Table 4. Validator Assessment of Language Aspects

Indicator statement V’Aiken Criteria
coefficient

The subject matter should be formulated clearly and 74 Instrument can be

unequivocally. used

The main formulation of the question must be a statement 72 Instrument can be

related to the material being measured. used

The subject matter does not give clues to the answer. .90 Instrument can be
used

Table 5. Validator Assessment of Material Aspects

Indicator Statement V’Aiken Criteria
coefficient

The subject matter must be in accordance with the indicators. 74 Instrument can be
used

The subject matter must be logical in terms of material. 77 Instrument can be
used

The boundaries of questions and answers must be clear. 73 Instrument can be
used

Images, sentences, or slogans must not contain elements of any .93 Instrument can be

commercial product or agency promotion or advertisement. used

No names of living characters can be used in questions since it .86 Instrument can be

could be interpreted as the character. used

[llustrations must not contain elements of racism, violence, .87 Instrument can be

pornography, politics, or content that may cause negative used

impacts.

Images, text, or quotations must be attributed to its source. The 74 Instrument can be

layout of images should be consistent. used

Based on Tables 3, 4, and 5, all questions items were declared as valid, meaning that the 10-
item instrument may be used. Interpretation of validity is based on the validity coefficient value. If
the validity coefficient value is less than .60, then the validity is considered low, whereas if it is in
the range of .60 to .80 it is considered moderate, and if it is greater than .80 it is considered high.
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3.2. Empirical Trial Data

After the theoretical test, the question items were tested empirically on sixth-grade high school
students. This empirical trial was conducted at the SMA Negeri 2 Muara Beliti school, in Musi
Rawas, South Sumatra, Indonesia, involving 102 students from three seventh-grade [PA
(International Program on Science Education) classes. The quality of the test instrument was
assessed according to several characteristics; validity, reliability, item proportion, and item
discriminating power.

3.2.1 Validity Test

The test consisted of 10 items in the form of descriptions which were calculated according to
the classical method using Microsoft Excel. The results were then interpreted using r-table at a
significance level of 5%, N =102 and db = 100. The r-table obtained was .1946 and all items were
shown to be valid, as can be seen in Table 6.

Table 6. Results of Validity Test of Essay Question Items

Question item Feount Mtable Description
1 4983 .1946 Valid
2 4611 .1946 Valid
3 6569 .1946 Valid
4 6428 .1946 Valid
5 6684 .1946 Valid
6 3018 .1946 Valid
7 4333 .1946 Valid
8 3578 .1946 Valid
9 6652 .1946 Valid
10 3747 .1946 Valid

Based on Table 6, it can be concluded that the HOTS question item instrument for chemistry
Volta cell material was of good quality in terms of its validity. The items were found to be able to
measure what was intended since the number of valid items accounted for more than 40%.

3.2.2 Reliability Test

The HOTS instrument reliability test was based on Cronbach’s alpha formula using Microsoft
Excel. The results obtained from the reliability test were .7420, meaning that the instrument’s
reliability was categorized as high.

3.2.3 Proportion Test of Questions

The proportion of questions or measure of their difficulty level was tested using Microsoft
Excel. The obtained results showed that three items were found to be in the difficult category,
whilst seven were in the moderate category. Test results for the proportion of questions and their
level of difficulty is presented as shown in Table 7.

Table 7. Result of Proportion Test of Question

Question item Difficulty index Description

1 A7 Moderate
2 A7 Moderate
3 42 Moderate
4 .36 Moderate
5 .25 Difficult

6 .36 Moderate
7 .34 Moderate
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Question item Difficulty index Description
8 18 Difficult
9 19 Difficult
10 .40 Moderate

3.2.4 Discriminant Test of Questions

Discriminant test of questions or differentiation of items was performed in order to measure
the level of the upper and lower groups. The question discrimination test used the t-test
calculation, and the results of the question discrimination test or differentiation power are
presented in Table 8.

Table 8. Result Discriminant Test of Questions

Question item Treasure tiable Description
1 5.46 .1984 Good
2 5.39 .1984 Good
3 6.46 .1984 Good
4 5.73 .1984 Good
5 4.23 .1984 Good
6 6.09 .1984 Good
7 2.28 .1984 Good
8 2.28 .1984 Good
9 6.96 .1984 Good
10 0.47 .1984 Good

4, Discussion

This research aimed to produce a HOTS instrument for use in chemistry learning on the subject
of Voltaic cell material. The results of the study were 10 items in the form of descriptions with
abilities at the C4 (analyze), C5 (evaluate), and C6 (create) levels, referring to higher order thinking
skills in Bloom’s revised taxonomy.

The HOTS instrument validation process involved several criteria, including assessment of its
content, construction, and language aspects. Validity analysis was conducted by referring to the
validators” assessment using V'Aiken’s formula to calculate validity coefficients, and this theoretical
validation performed by a group of six validators revealed the HOTS instrument to be valid and
feasible for use in the context of chemistry learning.

Empirical validity was conducted with 102 students using Microsoft Excel. The results showed
that all 10 items were valid, with validity greater than 40%. This result indicates that the HOTS
instrument was found fit to measure the aspects it was intended to. In addition, the reliability test
results showed a coefficient of .7420, meaning that it has a high level of reliability. In terms of
discriminant power, all items in this study demonstrated good discriminant power, with three items
categorized as difficult questions and seven items categorized as being of moderate difficulty. This
shows that the HOTS instrument is able to differentiate between learners of high and low ability.

The developed HOTS instrument can therefore be effectively used to measure the high-level
thinking ability of high school students in learning chemistry, especially on Voltaic cell material.
Tests that utilize HOTS instruments have the potential to encourage students to develop higher
order thinking skills in the subject (Barnett & Francis, 2011).
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5. Conclusion

In forming conclusions about the current study, the following can be stated: 1) This research
produced a HOTS instrument for chemistry learning on Voltaic cell material, which consists of 10
items in the form of descriptions. Validation of the HOTS instrument involved six validators, and the
analysis revealed that the instrument was suitable for use after revision; 2) The characteristics of
the developed HOTS instrument revealed that all 10 items were valid, with a reliability test
coefficient value of .7420, which indicates a high level of reliability. The test of the proportion of
questions in terms of their level of difficulty revealed that three questions were categorized as
difficult and seven questions as moderately difficulty. In addition, the discriminant test of questions
or the differentiation of questions showed that all items had good differentiation. Overall, the HOTS
instrument developed in the current study can be considered as a valid, reliable, and differentiated
evaluation tool for use in measuring students’ higher order thinking skills on Voltaic cell material in
chemistry learning.

The HOTS instrument developed in the current study in the form of description questions was
shown to have met the required standards of item eligibility, according to its validity, reliability,
proportion of questions, and discriminant questions. Application of these items can be expected to
provide benefits for students as practice materials used to help improve their higher order thinking
skills. In addition, these items can also be used as an alternative instrument for teachers in
preparing HOTS-based questions in chemistry learning.

One limitation of the current study was that the trial was limited to a sample of three classes and
did not involve a field trial. Therefore, it is recommended that future research conducts field trials
involving a wider range of respondents. In addition, the developed HOTS instrument was limited to
a single basic competency; hence, future studies are recommended that develop HOTS-based
instruments aimed at other basic competencies.
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