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Abstract: This study aims to determine the level of Higher-Order Thinking Skills (HOTS) for the topic of Chemical
Equilibria among form six students. A convenience sampling method was used to gather 121 form six students who studied
Chemistry for their Malaysian Higher School Certificate (STPM) in Penang. For data collection, open-ended questions
consisting of the HOTS Test of Chemical Equilibria encompassing the four highest cognitive levels of Revised Bloom's
Taxonomy were used. The data were analyzed using descriptive analysis methods. The results indicate that students in Form
Six have a low level of HOTS for the topic of Chemical Equilibria. The percentage of students with high achievement levels
decreases with each cognitive level, beginning with the level of applying (47%) and progressing through the levels of
analyzing (34.7%), evaluating (26.4%), and ultimately creating (8.3%). This level of achievement pattern also indicates that
most students have difficulty answering HOTS Chemical Equilibria Test questions requiring higher cognitive levels and
cannot solve real-world problems. The implication of this study is to provide teachers with the knowledge necessary to
enhance their students' HOTS using effective teaching and learning strategies.
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1. Introduction be able to think maturely, be knowledgeable, and convey
ideas effectively using various forms of communication [3].

To meet the challenges of the 21st century, students need
not only reading, writing, and arithmetic skills but also
HOTS, which is the primary catalyst of 21st-century skills
[4,5]. In addition to making students effective thinkers,
HOTS enables students to view concepts holistically [6].
Malaysia's level of achievement for high-level science
questions, including Chemistry, is low according to the
TIMSS 2019 National Report [7]. Students have not been
adequately trained to deal with problems that require them to
apply HOTS such as applying, analyzing, evaluating, and
creating [8]. In addition, there are few studies on HOTS at
form six or pre-university levels in Malaysia, particularly in
the field of chemistry [9]. To determine the level of HOTS

Curriculum modifications in the Malaysia Education
Blueprint 2013-2025 have centered on the HOTS concept to
produce a competitive generation in response to the
educational demands of today. Through HOTS, students can
solve Chemistry problems and prepare themselves for
international competition [1]. A person with high HOTS
possesses a collection of cognitive abilities [2]. The use of
language, drawing conclusions, calculating results, making
decisions, and solving problems are indicators of HOTS in
the learning process. For learning Chemistry at the STPM
level, students must master HOTS to be able to solve
problems related to concepts, increase awareness of the role
of Chemistry in understanding nature and the universe, and
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for the topic of Chemical Equilibria among form six
chemistry students in Penang, this study was conducted.

HOTS is the ability to make decisions with clear and
rational thought [10]. HOTS is one of the skills heavily
emphasized in learning science, particularly Chemistry, to
enable students to confront and solve various problems that
exist in daily life and the environment [11]. In addition,
HOTS ability is one factor determining an individual's
marketability in the increasingly competitive job market
[12]. According to Hasan and Pardjono [13], HOTS is a
fundamental talent that is a priority when evaluating a
graduate's employment qualifications.

HOTS is an essential component of the learning process
because it enables students to access, manage, interpret, and
apply information [14]. Thinking skills are part of the
general abilities that must be incorporated into all subjects
[15] because student performance can be improved with
HOTS [16]. In addition, HOTS assists students in classifying
and relating various components, enabling them to identify
valuable information and apply it to the resolution of
environmental issues [17]. Students should be able to
analyze, synthesize, and evaluate information and ideas
logically and critically to solve problems [3].

The assessment and evaluation system has changed as a
result of the transformation of the Malaysian educational
system. The application of HOTS elements to the curriculum
of science subjects marked the beginning of their
incorporation into the National Education Philosophy [18].
In addition, HOTS elements are being incorporated into all
examination papers that are scored based on the suitability of
students' thinking levels for different age groups (Malaysia
Education Blueprint, 2013-2025). This transformation
necessitates that instructors and students become proficient
in HOTS.

However, according to the report of STPM Chemistry
exam results for semester 1 from 2015 to 2019, the overall
level of student achievement remained low, with full pass
rates of 52.41 percent, 48.43 percent, 53.82 percent, 59
percent, and 63.3 percent, respectively. In addition, the
majority of STPM candidates are unable to provide accurate
responses to HOTS questions, as indicated by the report's
comments. In addition, the report revealed that the majority
of candidates were unable to respond to non-routine
questions involving the application of the concept of
Chemical Equilibria to reactions in an environment that
required candidates to analyze, synthesize, make
connections, and apply theory, knowledge, or procedures to
various situations. This indicates that students’ HOTS
mastery is not yet stable. The Trends in International
Mathematics and Science Study (TIMSS) 2019 National
Report demonstrates that Malaysia's level of achievement for
high-level questions based on international benchmarking in
Science is lower than the international average and
Singapore [7].

According to Gilbert [19], a high content load results in a
Chemistry  curriculum  that overemphasizes minor
information, leaving students unable to draw connections for

those facts and failing to obtain meaningful learning. When
asked differently (non-routine questions), students struggle
to answer problems utilizing the same concept and do not
comprehend why they need to study a given Chemistry
subject [20]. Thus, instructors' teaching approaches are
critical in providing students with opportunities to build
problem-solving abilities and cognitive activities, hence
contributing to the development of HOTS in students [20].
To ensure the development of students' HOTS, emphasis
should be placed on attempts to help students understand the
concept of Chemistry. As a result, there is a requirement in
this study to determine the level of HOTS of form six
chemistry students for the level of applying, analyzing,
evaluating, and creating without ignoring the application of
scientific process skills and scientific products.

2. Materials and Methods

This study is a survey-based quantitative investigation. In
this study, students' HOTS were assessed using open-ended
questions from the HOTS Chemical Equilibria Test, which
were adapted from STPM exam questions. The following
section addresses sampling, instruments, and data analysis.

2.1. Sampling

This study employs a simple sampling method
(convenience sampling) to select the study sample. A total
of 121 science students from form six centers and colleges
in the province of Penang were selected as a study sample.
Based on the willingness of the centers and colleges to offer
their students to participate in this study, this methodology
is employed [21]. In addition, the population in this
research is homogeneous, consisting of form six students in
the science stream who have completed the Chemical
Equilibria study [22].

2.2. Instrument

The HOTS Chemical Equilibria test set's open-ended
questions are used to collect data. Students have one hour
and thirty minutes to complete the written test questions.
This HOTS test set includes three structure questions and
one short essay question that addresses the four highest
cognitive stages of revised Bloom's Taxonomy, which are
applying, analyzing, evaluating, and creating [23].
According to McConnell et al. [24], the use of open-ended
questions helps promote critical thinking and HOTS in
students. According to Suhaimi and Zahari [25], open-ended
questions necessitate students' HOTS to explain, project, or
analyze a topic, situation, or problem. The test items are
intended to evaluate the student's level of achievement on
HOTS questions about Chemical Equilibria. Table 1 depicts
the test specification table, which includes a breakdown of
questions based on subtopics of Chemical Equilibria and
cognitive levels. Table 2 shows the split of question items
based on the Revised Bloom's Taxonomy's cognitive level.
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Table 1. Test specification table

Subtopics of
Chemical
Equilibria

Applying

Analyzing | Evaluating

Creating

Total

Unit 1:
Reversible
equilibria
and
derivation of
equilibrium
constant, Kc
and Kp

Unit 2:
Factors
Affecting
Chemical
Equilibria:
Le
Chatelier’s
Principle

2.3. Data Analysis

Using descriptive analysis, the level of achievement of
students in answering HOTS questions was analyzed. Based
on student responses to the HOTS Chemical Equilibria test, a
descriptive analysis of the percentage value and the mean
score of students was calculated for this purpose. The answer
scripts of the students are reviewed and evaluated according
to the scoring scheme. Using the following formula, the
student's cumulative score will then be converted to a
percentage value.

(Student score)/(Overal score) x100%

In addition, the percentage scores of students are
organized by achievement level, which is classified as low,
medium, and high. This category of accomplishment level
is determined by the Malaysian Examination Council
following the STPM grading system. Table 3 depicts the
achievement scale that will be used in this investigation.

TABLE 3. Classification of student achievement levels according to the

STPM grading system

Unit 3
Effect  of
Temperature
Toward
Equilibria

Score Range | Grade Grade Result Category
(Percent) Value
0—29 F 0.00 Fail
30 — 34 D 1.00 Partial
35 -39 D+ 1.33 Pass Low
40 — 44 C- 1.67
45 — 49 C 2.00 Full Pass
50 — 54 C+ 2.33
55— 59 B- 2.67 Medium
60 — 64 B 3.00
65 — 69 B+ 3.33 High

2

6 5

4

17

12%

35% 29%

24%

100%

TABLE 2. Classification of HOTS Chemical Equilibria test items by
Revised Bloom's Taxonomy's cognitive level

Test
Item

Revised Bloom's Taxonomy Cognitive Levels

Applying

Analyzing | Evaluating

Creating

la)i.

/

1a)ii.

/

1D)i.

/

1b) ii.

2 a)

2b)

20)i.

2.0) .

3a)i.

3a)ii.

3 a) iii.

3h)

43)i.

4a)ii.

4 a) iii.

4b)i.

4 by .

~~|~~

Moreover, percentages and the mean are used to analyze
student scores based on the cognitive level of applying,
analyzing, evaluating, and creating. To ascertain the level of
student achievement in responding to HOTS questions, all
achievement categories are compared.

3. Result and Discussion

Figures 1 and 2 display the outcomes of student
achievement according to categories and results.

FIGURE 1. Student achievement level based on results
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FIGURE 2. Student achievement level based on category

Based on Figure 1, the analysis of the form six students'
performance on the HOTS Chemical Equilibria questions
reveals that 42.1% (51) of the students received a full pass,
21.5% (26) received a partial pass, and 36.4% (44) received a
fail. Figure 2 displays the outcomes of an analysis of student
achievement levels by category. Comparing the analyses in
Figure 1 and Figure 2, it can be seen that only 7.4% (9) of the
students who passed all of their courses received high grades,
whereas 34.7% (42) of the students received average grades.
This finding indicates that high-achieving students also
struggle to answer HOTS Chemical Equilibria test questions.
Partial pass results at the STPM level indicate that the
student has achieved a minimum level. The results of the
analysis depicted in the two figures above indicate that a
significant number of form six Chemistry students struggle
to answer the HOTS Chemical Equilibria questions. Figure 3
depicts the analysis of students' achievement levels on HOTS
Chemical Equilibria test items based on the four cognitive
levels of the revised Bloom's Taxonomy.

LOW S 4.0%
MEDIUM S 29.0%

HIGH S 47.0%

LOW I 45.3%
MEDIUNM s 19.8%

HIGH s 34.7%

LOowW Emmammeewy 9%
MEDIUM . 15.7%

HIGH . 26.4%

LOW D 5%
MEDIUNM S 33.8%

HIGH HE 8.3%

APPLYING ANALYZING EVALUATING CREATING

FIGURE 3. Levels of student achievement on the HOTS Chemical
Equilibria test based on the cognitive level of applying, analyzing,

evaluating, and creating

Figure 3 demonstrates that the percentage of the level of
achievement of form six students for applying cognitive
level items is the highest for high and medium achievement,
at 76%, compared to cognitive level items for analyzing
(53.7%), evaluating (42.1%), and creating (42%).
Comparatively, 57.9% of students scored poorly on
cognitive-level tasks involving evaluating and creating. The
findings also indicate that the percentage of students with
high achievement levels decreases with each cognitive level,

beginning with the level of applying (47%) and ending with
the level of creating (8.3%). This level of achievement
pattern indicates that students have difficulty answering
questions requiring higher cognitive levels on the HOTS
Chemical Equilibria test. Figure 4 depicts an analysis of the
mean percentage of students' scores on HOTS Chemical
Equilibria test items based on cognitive level, which reveals
the pattern of declining student achievement. In the context
of this investigation, the level of achievement of form six
students on HOTS Chemical Equilibria Test questions is
low.

70

60

50 47.6%

40 35.0%

30 22.5%

20

10

0

W Applying Analizing @ Evaluating @ Creating

FIGURE 4. Distribution of mean student scores on the HOTS Chemical
Equilibria test based on the cognitive level of applying, analyzing,

evaluating, and creating

3.1. Applying Level

In comparison to other cognitive levels, the applying level
is the lowest. The study results for this level indicate that 57
students received high scores, 35 students received median
scores, and 38 students received low scores. Compared to
other cognitive levels, the number of students with high
grades or accomplishments is the highest. This result was
anticipated, as items at the cognitive level only assess
students' ability to apply previously learned concepts or
principles in question-based situations or contexts [26].
However, there are still a significant number of students who
cannot adequately respond to this item, particularly item 1
a(i). 34 students received a perfect score (2), 70 students
received a score of 1, and 17 students received a score of 0.
Item 1 a(i) only requires students to define dynamic balance
in the context of the Touch Process. This demonstrates that
form six students' mastery of the fundamental concept of
Chemical Equilibria remains inadequate.

3.2. Analyzing Level

The level of analyzing is the second cognitive ability
assessed for HOTS Chemical Equilibria test items. To
complete the tasks at this level, students must have a
thorough understanding of the concept of Chemical
Equilibria and the ability to make connections. 42 students
received a high score, 23 students received a median score,
and 56 students received a low score, according to the
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findings of this study. This demonstrates that students are
incapable of making connections between previously taught
concepts to solve the presented problems. Analysis of
student response templates revealed that the majority of
students provided answers outside the problem's context
without first analyzing the question's requirements. The
analysis reveals that the lowest level of student achievement
is for item 2 c(i), where 110 students scored zero. Students
are required to provide explanations for why the calculated
K. value based on the neutralization procedure differs from
the actual value. Analysis of student response templates
revealed that the majority of students provided answers
outside the problem's context without first analyzing the
question's requirements. In addition, the results of the
analysis of student scripts revealed that a significant number
of students were unable to solve the analysis-level questions
that required calculations. This is supported by the analysis
of item 1 b(i), which revealed that 97 students received a
score of zero. In addition, the analysis revealed that
numerous students have misconceptions regarding Chemical
Equilibria.

3.3. Evaluating Level

In general, for items at the evaluating level, students must
evaluate and interpret, formulate, discuss, and make
decisions, among other tasks [26]. Analysis of the results of
the evaluating level revealed that only 32 students received a
high score, 19 received a medium score, and 70 received a
low score. This finding indicates that student achievement at
the evaluating level is low. The majority of students received
ascore of 0 on items 1 b(ii) and 2 c(ii) based on an evaluation
of the level items. Consequently, the student could not
accurately calculate the partial pressures of ammonia and
hydrogen sulphide for item 1 b(ii) based on the situation
presented in the question. Similarly, the analysis of student
response scripts for item 2 c(ii) revealed that many students
suggested "eye level must be perpendicular to..." as an
enhancement for the neutralization reaction so that the Kc
value can be accurately calculated. In addition, numerous
students responded "to control the temperature” as a
recommendation. These student responses demonstrate that
they are unable to make accurate interpretations and do not
fully comprehend the concept of Chemical Equilibria.

3.4. Creating Level

The cognitive level of creating is the highest in the revised
version of Bloom's Taxonomy. This cognitive level
correlates closely with students' critical and creative abilities.
Items at this level test the student's ability to apply
previously learned concepts and necessitate critical thinking.
The HOTS Chemical Equilibria test administered to the
students in this investigation consists of four questions. Only
8.3% (ten) students received a high achievement score on the
HOTS Chemical Equilibria test questions on the cognitive
level of creation, as determined by the aggregate analysis.

This finding demonstrates that the level of mastery of the
concept of Chemical Equilibria among form six students is
still generally low. The analysis of all four items comprising
the cognitive level of creating demonstrates this, specifically
items 4 a(ii), 4 a(iii), 4 b(i), and 4 b(ii). Analysis of item 4 a(ii)
revealed that only three students earned a perfect score (3),
while item 4 a(iii) yielded eleven students. The analysis of
student responses revealed that students were unable to
integrate their understanding of Chemical Equilibria with
previously taught concepts using critical thinking.
Additionally, students are unable to correctly identify the
system components in Equilibrium, making it challenging
for them to predict and explain Le Chatelier's effect on the
system. In addition, the analysis of item 4 b(i) revealed that
25 students received a high score, whereas no students
received a high score on item 4 b(ii). These items assess the
student's capacity to make real-world connections between
previously learned concepts. Analysis of student responses
to items 4 b(i) and 4 b(ii) reveals that students do not
comprehend the learning content because they are unable to
create learning descriptions for real-world situations. This
finding is consistent with Fibonacci et al. [27] assertion that
the disparity between what is learned in class and what is
encountered in real life is the most challenging aspect of
learning Chemistry for students. Abdul Razzak [28] concurs
with this point, stating that students with poor cognitive
skills are unable to present a convincing argument against a
scientific concept. Consequently, the achievement level of
form six students on HOTS Chemical Equilibria test
questions remains low.

3. Conclusion

In conclusion, this study provides a descriptive analysis of
students' HOTS at the levels of applying, analyzing,
evaluating, and creating among form six chemistry students
in the state of Penang. This study's sample included 121 form
six students from form six centers and colleges who took
chemistry classes. The primary objective of this study is to
determine the level of HOTS for the four highest cognitive
levels of revised Bloom's Taxonomy encompassing the
levels of applying, analyzing, evaluating, and creating
among chemistry students using the HOTS Chemical
Equilibria Test. The results of the study indicate that the
majority of form six chemistry students have insufficient
levels of HOTS. The findings also indicate that the
proportion of students with high achievement levels
decreases with each cognitive level, beginning with the level
of applying, followed by the levels of analyzing and
evaluating and ending with the level of creating. This level of
achievement pattern demonstrates that students struggle to
answer HOTS Chemical Equilibria test questions requiring
higher cognitive levels, particularly those requiring the
solution of real-world problems. Specifically, many students
responded without first analyzing the requirements of the
question by providing answers outside the context of the
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problem; they were unable to make an accurate interpretation;
they did not understand the concept of Chemical Equilibria;
and they did not comprehend the learning content because
they were unable to create a learning description for a
real-world situation. Therefore, based on the findings, the
researcher recommends the use of an e-Module that
emphasizes higher-order thinking skills for the topic of
Chemical Equilibria by integrating the use of technology and
effective learning strategies, such as problem-based learning,
to assist teachers in enhancing students’ HOTS. The
recommendation is pertinent because 21st-century learning
emphasizes technology and a student-centered approach. In
addition, the researcher recommended that a more
comprehensive study be conducted on the HOTS process
among students. Therefore, we can gain a greater
understanding of the cognitive process in students' minds and
may be able to enhance their HOTS, particularly at the levels
of applying, analyzing, evaluating, and creating.
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