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Abstract: This study aims to describe the level of knowledge and understanding of state 
senior high school science teachers (SMAN) in constructing higher-order thinking items 
(HOT), and to compare the level of knowledge and understanding among state senior high 
school Physics, Chemistry, and Biology teachers in constructing higher-order thinking items 
(HOT). The type of this research is descriptive quantitative, data collection technique is done 
by survey method using developed questionnaire instrument. The population in this research 
are all science teachers (Physics, Chemistry, and Biology) of State Senior High School teachers 
in Aceh Province, with the sample being 90 science teachers of State Senior High School 
teachers which are chosen randomly. The data obtained were analyzed descriptively. The 
result of the research shows that: (1) the level of knowledge and understanding of science 
teachers of State Senior High School teachers in constructing higher-order thinking items 
(HOT) is in the medium category, (2) the level of knowledge and understanding in 
constructing higher-order thinking (HOT) items, Biology teachers achieved more high and 
very high category compared to Physics and Chemistry teachers. 
 

 Keywords: Level of knowledge; Level of understanding; Higher-order thinking 
  
Citation: Rahmati, R., Yusrizal, Y., Halim, A. ., Herliana, F. ., & Rizal, S. . (2022). Level of Knowledge and Understanding of 

State Senior High School Science Teachers in Constructing “HOT Questions”. Jurnal Penelitian Pendidikan IPA, 8(2), 
467–474. https://doi.org/10.29303/jppipa.v8i2.1133  
 

Introduction  
 

Saragih (2008) suggests that the competence of 
teachers is a set of knowledge, skills, and behaviors that 
must be owned, experienced, and mastered by teachers 
in performing their professional duties. Permendiknas 
No 16/2007 about Academic Qualification and Teacher 
Competency Standards stated that one of the core 
competencies of teachers is to conduct assessment and 
evaluation of process and learning outcomes. 
Assessment of learning outcomes is an integral part of 
the learning activities, even a vital thing in the education 
system and teaching at formal education institutions. 
Assessment is a series of activities to obtain, analyze, and 
interpret data about the process and learning outcomes 
of learners that are done in a systematic and continuous, 

so that becomes meaningful information in decision 
making (Widyastono, 2013). To determine the level of 
achievement of student learning objectives, teachers 
must make an assessment (Effendi, 2017). The 
assessment aims to determine the level of learning 
achievement (Noor, 2020). Implementation of 
assessment in science lessons is directed to the ability of 
science process skills, namely to obtain information 
about the ability or teachers’ success in giving or 
teaching materials to students and students’ skills in 
understanding the lesson (Arif, 2016). Gaytan & 
McEwen (2007) argued that assessment is an important 
way to respond to student accountability. 

Implementation of the assessment in the learning 
process is very important. Implementation of the 
assessment is regulated in Government Regulation (PP) 
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no. 19 the year 2005, article 63 paragraph (1) is 
"Assessment at the level of primary and secondary 
education consists of (a) assessment of learning 
outcomes by educators, (b) assessment of learning 
outcomes by educational units, and (c) assessment of 
learning outcomes by the government (Camellia & 
Chotimah, 2012). According to Carina & Mujiyono 
(2014), one of the main tasks of teachers is to assess 
learning outcomes". Assessment is the activity of 
processing information obtained through measurement 
to analyze and consider the performance of learners on 
relevant tasks (Hill, 1977). 

The ability of teachers to conduct assessments will 
have a tremendous impact on the quality of graduates in 
each school. Assessment by a teacher should be based on 
standards set by the government. Winarsih & Mulyani 
(2012) suggests that professional teachers can manage to 
learn well, implicating on improving students' ability in 
constructing their knowledge and application in daily 
life. Schools that have teachers with good competence 
will produce good graduates (Maskuri & Anwar, 2021). 

The subjects of science (physics, chemistry, and 
biology) have been studied by the students of SMA 
Negeri Aceh Province. Students should be able to 
answer the standard exam questions such as National 
Examination (UN) well (Soewarno et al, 2020). However, 
the students of SMA Negeri Aceh have not been able to 
answer the item questions with the maximum. This is 
seen from the results of the National Examination of 
students of SMA Negeri Aceh in the academic year 
2016/2017 which is relatively unsatisfactory. The 
average score of UN Aceh in science subjects was 35.42 
(physics), 41.62 (chemistry), and 37.97 (biology) 
(Puspendik, 2016/2017). The low UN results are 
certainly caused by many factors. One of the 
contributing factors is that high school students in Aceh 
are generally poorly trained in solving problems with 
characteristics such as UN questions that mostly reveal 
aspects of application and reasoning, and high-level 
cognitive problems, which they rarely encounter when 
having tests in class. The cause is predicted that science 
teachers have not or lack understanding and mastering 
it. Referring to the problem, the purposes of this research 
are (1) to Describe the level of knowledge and 
understanding of science teachers of SMA Negeri Aceh 
Province (2) to Describe the comparison of knowledge 
and understanding among the teachers of Physics, 
Chemistry, and Biology of the State Senior High School 
Aceh in preparing high-order thinking questions 
(Higher Order Thinking). The results of this study are 
expected to provide information about the knowledge 
and understanding of science teachers (Physics, Biology, 
and Chemistry) SMA Negeri Aceh in constructing 
higher-order thinking items for the Government of 
Aceh, especially for the Provincial Education Office of 
Aceh.  

Higher-order thinking characteristics according to 
Thomson (2008), i.e., solving tasks where no algorithm 
has been taught, where justification or explanation are 
required, and where more than one solution may be 
possible “Higher Order Thinking Skill”, means that 
high-level thinking is the ability to complete tasks -task, 
ie no algorithm has been taught, which requires 
justification or explanation and may have more than one 
possible solution. Rofiah, et. al (2013) suggest that 
Higher Order Thinking is a process of thinking that does 
not merely memorize and relay information that is 
known. Furthermore, Heong et al, (2011) suggest that 
Higher Order Thinking is one component of the ability 
to think creatively and think critically. According to 
Lailly & Wisudawati (2015) Critical thinking, namely the 
ability to analyze, create and use criteria objectively, and 
evaluate the data. Creative thinking, that is, the ability to 
use structures that behave elaborately that create new 
and original ideas. 

Bloom's taxonomy is considered the basis for 
higher-order thinking (Lewy et al, 2009). According to 
Anderson & Krathwohl (2001), Bloom's Taxonomy 
revision in the cognitive domain consists of six levels: 
remembering, understanding, applying, analyzing, 
evaluating, and creating. The classification of Bloom's 
Taxonomy is mainly in the cognitive domain, usually, 
this domain is written in the abbreviation C1 for the 
cognitive stage of knowledge up to C6 for the stage of 
cognitive creation. The first three levels of Bloom's 
revised taxonomy: remembering, understanding, and 
applying are Lower Order Thinking (LOT), while the 
next three levels are analyzing, evaluating, and creating 
are Higher Order Thinking (HOT). According to Gais & 
Afriansyah (2017), the cognitive domain included in 
higher-order thinking is the domain of analysis, 
evaluation, and creation. Abosalem (2016) suggests that 
these skills have to include sub-skills such as analysis, 
synthesis, and evaluation, which are the highest levels in 
Bloom's cognitive taxonomy. 

The old taxonomic distinction with the new lies at 
the level of synthesis, wherein the revised taxonomy the 
synthesis level no longer exists but is combined with the 
analysis. The addition is “create”. The order position of 
“evaluation” becomes at fifth while creating at the sixth 
position so that the highest sphere is to “create”. The 
corresponding level of HOT thinking is seen from 
Bloom's old cognitive domain of taxonomy at the level 
of analysis, synthesis, and evaluation, which means that 
when viewed in a new taxonomy this level is the same 
as creation. Higher-order thinking skills can be known 
from students' cognitive abilities at the level of analysis, 
synthesis, and evaluation (Kawuwung, 2011). 

Writing items is an early task that teachers must do 
in school, before the assessment. A test as an instrument 
of assessment of learning outcomes should measure 
thinking skills at varying levels according to established 
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goals, ranging from lower to higher-order thinking 
skills. Therefore, in a test, it is necessary to note the 
proportion of each level of thinking skill that arises in 
each question. More dominating issues that measure 
lower-level thinking skills can influence the learning 
patterns of learners. In this case, learners will prefer the 
technique of memorization and practice questions 
compared to developing their way of thinking at a 
higher level when they want to solve a problem (Syahida 
& Irwandi, 2015). 

 
Method 
  

This research uses a descriptive quantitative 
approach with a development research type. The 
research population is all science teachers (Physics, 
Chemistry, and Biology) of SMAN in Aceh Province. 
The samples used were 90 randomly selected science 
teachers from each selected school representing the 
Regency/City. This research was conducted from March 
to November 2017 with science teachers of SMAN who 
were selected to be the research sample. The research 
activities follow the steps (1) develop a questionnaire 
instrument to assess the level of knowledge and 
understanding of teachers to prepare high-level 
questions, (2) conduct a survey of science teachers of 
SMAN in Aceh to know the level of knowledge and 
understanding of teachers in constructing high-level 
questions by using instrument questioner results of the 
development. The instrument for assessing the 
knowledge and understanding of high school science 
teachers in Aceh in preparing high-level questions was 
developed about the theory of developing a typical 
performance instrument (Gable 1986; Djaali & Muljono, 
2008). Instrument validity is formed by using the 
Pearson product-moment correlation formula, which is 
the correlation between grains with their total 
(Pujihastuti, 2010). Validity test results obtained 18 valid 
items. Reliability testing is done by the Alpha Cronbach 
formula (Putra et al., 2014), obtaining the reliability 
coefficient of the instrument of 0.95. The instrument for 
assessing the ability to construct the problems of science 
teachers in SMAN uses a semantic differential type that 
has seven choices, in the form of a continuum scale that 
contains the circumstances of the teacher's habit of 
leveling questions. Of the seven choices of answers, 
respondents were asked to choose one answer that best 
suits the teacher's knowledge and understanding in 
preparing the questions. 

To give a result interpretation of the analysis 
toward the level of knowledge and understanding of 
teachers in preparing the HOT question used 
categorization by Azwar (2012). That is: 
 
 

Table 1. The level of knowledge and understanding of 
teachers in preparing the HOT question 

X ≤ 22.5 Knowledge and understanding of 
constructing HOT are Very Low 

22.5 < X ≤ 31.5 Knowledge and understanding in 
constructing HOT are Low 

31.5 < X ≤ 40.5 Knowledge and understanding in 
constructing HOT are Medium 

40.5 < X ≤ 49.5 Knowledge and understanding in 
constructing HOT are High 

X > 49.5 Knowledge and understanding in 
constructing HOT is Vey High 

 
Result and Discussion  
 

Figure 1 can be known the level of knowledge of 
science teachers of State Senior High School of Aceh in 
preparing the HOT shows that the knowledge level of 
science teachers of SMA Negeri Aceh varies, namely: as 
many as 13% of teachers know very low category, 21% 
teachers know in a low category, 25 % in the moderate 
category, 27% high category and only 11% of teachers 
who know in the very high category. 
 

 
Figure 1. Knowledge Level of Science Teachers of State Senior 

High School constructing the HOT question 
 

Figure 2 can be seen that the level of understanding 
of science teachers in preparing the HOT question is as 
follows. As many as 17% of teachers have an 
understanding in the very low category, 24% in the low 
category, 26% in the medium category, 22% in the high 
category, and only 11% of teachers have a very high level 
of understanding. So, it can be concluded that some 
teachers of Science of SMAN Aceh Province have a level 
of knowledge and understanding in the medium 
category related to making HOT questions. 
 

 
Figure 2. Understanding level of science teacher of state high 

school constructing the HOT question. 
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Figure 3 shows the level of knowledge of Physics 
teachers, which shows that physics teacher knowledge 
in HOT compilation varies, 17% of physics teachers are 
in the very low category, 7% in the low category, 40% in 
the medium category, 23% in the high category, and 13% 
are in the very high category. For the level of 
understanding of Physics teachers in HOT compilation, 
it can be seen that: 13% are in the very low category, 23% 
in the low category, 37% in the medium category, 17% in 
the high category, and 10% are in the very high category. 
Thus, the level of knowledge and understanding of 
physics teachers are categorized as high and very high 
alone respectively 36% and 27%.  
 

Figure 3. Knowledge and Understanding Level of Physics 
Teachers In Preparing HOT Question 

 
Based on the description can be seen that the level 

of knowledge and understanding of Physics teachers in 
preparing the problem of HOT can be categorized as not 
yet satisfactory. That is, many teachers of Physics SMAN 
Aceh lack the knowledge and understanding in 
preparing the HOT. The results of the analysis for 
Chemistry teachers showed that the level of knowledge 
of Chemistry teachers in preparing the HOT question 
was 10% in the very low category, 27% in the low 
category, 27% in the medium category, 30% in the high 
category and 7% in category very high. For the level of 
understanding, 17% of teachers are in the very low 
category, 30% in the low category, 17% in the medium 
category, 27% in the high category, and only 10% in the 
very high category. So there are as many as 37% of 
Chemistry teachers whose knowledge level is in the high 
and very high category, while for the level of 
understanding there are also 37%. For more details can 
be seen in Figure 4. 

 

Figure 4. Knowledge Understanding Level of Chemistry 
Teacher's SMA in preparing the HOT question 

 
Furthermore, for Biology teachers, the results of the 
analysis show that the level of knowledge of biology 
teachers in the preparation of HOT questions, as many 
as 13% of Biology teachers are in the very low category, 
30% in the low category, 17% in the medium category, 
27% in the high category, and 13 % in the very high 
category. For the level of understanding, there are 20% 
of Biology teachers have a very low understanding, 20% 
in the moderate category, 23% in the high category, and 
13% in the very high category. See Figure 5. 
 

Figure 5. Knowledge and Understanding Level of Biology 
Teacher’s SMAN In Preparing The HOT Question 

 
For the level of understanding, as many as 20% of 

Biology teachers are still very low, 20% are low, 25% in 
the medium category, 25% in the high category, and 13% 
in the very high category, so there are 38% of Biology 
teachers who have a level of understanding about the 
preparation of the HOT question is in the high and very 
high category. If the level of knowledge of teachers who 
are categorized as high and very high is accumulated, 
then the number of teachers attained 38% of physics 
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categorized high and very high, Chemistry teachers is 
37% and Biology teachers are 40%. Furthermore, if the 
level of understanding of teachers who are categorized 
as high and very high is accumulated, then the Physics 
teacher to be as much as 27% of categorized as high and 
very high, Chemistry teachers is 37%, and Biology 
teachers are 38%. Thus, it can be seen that the number of 
Biology teachers who have a level of knowledge and 
understanding of high and very high categories related 
to the preparation of HOT questions than the teacher of 
Physics and Chemistry. Furthermore, the level of 
knowledge of physics teachers who are categorized as 
high and very high relative to the level of knowledge of 
chemistry teachers, but for the level of understanding 
that is categorized as high and very high, the number of 
Chemistry teachers is more than Physics teachers.  

Based on the above description can be explained 
that in general the level of knowledge and 
understanding of science teachers (Physics, Chemistry, 
and Biology) at Aceh State Senior High School in 
preparing the HOT question has not been satisfactory. 
The number of Physics teachers who have the 
knowledge and understanding level categorized as very 
low and low related to the preparation of the HOT each 
as much as 25% and 36%. For chemistry, lessons have 
still encountered the teachers whose level of knowledge 
and understanding is a very low and low category 
related to the preparation of HOT questions as much as 
37% and 45% of people. Furthermore, for Biology 
lessons, there are still teachers whose level of knowledge 
and understanding is very low and the low category 
related to the preparation of HOT questions is at 42% 
and 38%.  

In general, science teachers of SMAN have not yet 
or still lack the knowledge and understanding in 
constructing the question which can increase students' 
reasoning. This situation is in line with the results of 
Yusrizal et al, (2011) which show the components of 
students' learning outcomes from teachers of Physics, 
Chemistry, and Biology at Banda Aceh State Senior High 
School who have been certified are still low. Also, the 
results of Yusrizal et al, (2017) showed that the skills of 
physics teachers of SMAN Banda Aceh in preparing and 
analyzing the items have not been satisfactory. Munasco 
(2013) suggests that teacher quality factors 
(qualifications) are considered the most dominant and 
affect the learning outcomes.  

If this situation continues, it certainly affects the 
quality of Aceh and National education. One of the 
elements to be improved is the role of professional 
teachers. According to Pramawati & Wardana (2016), 
professional teachers are teachers who can play a role in 
educating, teaching, guiding, directing, training, 
assessing, and evaluating learners using skills that meet 
certain quality standards.  

HOT questioning aims to create learning that 
makes learners challenged to think and use their 
reasoning (Salirawati et al, 2017). To assess the ability of 
higher-order thinking must use new materials. One way 
that can be done is to use context-dependent set items 
(Istiyono et al, 2014). For meaningful knowledge to be 
constructed, teachers must train students to think 
critically in analyzing and solving a problem. Therefore, 
teachers should be able to compose not only the Lower 
Order Thinking questions but also the Higher Order 
Thinking Questions. Thus, to achieve higher-order 
thinking skills, students must be accustomed to solving 
problems that require thinking to analyze, judge, and 
create.  

Low knowledge and understanding of teachers in 
preparing HOT questions for their students, will make 
the teacher is not capable to provide the problems of 
contextual substance, demanding reasoning and 
creativity in completing it. According to Ramos, at. al 
(2013) higher-order thinking includes skills such as 
creative and critical thinking, analysis, problem-solving, 
and visualization. These skills involve categorizing 
items, comparing and contrasting ideas and theories, 
and being able to write about and solve problems.  

As it is known that the development of the student's 
mindset progressed that should be followed by the 
ability of teachers in making the question that can reveal 
high-level cognitive aspects, such as the items of 
application and reasoning. The form of the question that 
can uncover the cognitive level known as the HOT 
questions should be mastered by the teacher so that the 
students are familiar with the question that challenge the 
thought and reasoning. Thus, the ability of teachers in 
preparing the evaluation tool is very important and 
must get serious attention (Widodo, 2012). Teachers are 
required to have the basic skills needed as educators, 
mentors, and instructors, and these abilities are reflected 
in teacher competencies (Pardede, 2019). 

Nurhayani et al, (2018) stated that one of the 
difficulties faced by teachers in developing students' 
higher-order thinking skills was the lack of ability to 
adjust the questions and operational verbs contained in 
the learning indicators. 

There are several ways that professional teachers 
can do to improve students' high-order thinking skills in 
their classroom learning, for example, by training 
students in scientific reasoning. According to Abdullah 
et al, (2015) good scientific reasoning and systematic 
awakening will improve students' higher-order thinking 
skills. For science lessons consisting of Physics, 
Chemistry, and Biology following the characteristics of 
science students can be trained in scientific reasoning in 
several ways, for example through learning using 
inquiry strategy (Fitriyati & Munzil, 2016). But keep in 
mind that the success of science learning in schools 
cannot be separated from the planning of appropriate 
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learning strategies and learning tools used by teachers in 
the classroom. 

The cause of low scientific reasoning is the science 
teaching done by the lecture method and teaching 
materials used in the form of Students’ Work Sheets 
consisting of material summary and exercise questions 
so that it cannot train the students' scientific reasoning 
(Fitriyani et al., 2017). It can be seen that teachers who 
teach science in high school must be competent in the 
field and have a high commitment to the profession, as 
well as high performance. Maximum teacher 
performance is a dream for all schools, as well as for the 
SMAN in Aceh Province. According to Osnal et al, 
(2016). Professional teachers following the main tasks 
and functions are (1) Able to prepare the 
Implementation Plan of Learning. (2) Able to construct 
quality test results. (3) Skillfully present teaching 
materials in class and outside class, professional in 
evaluating learning outcomes. 
 
Conclusion  
 

Based on the results of this research data analysis 
can be concluded that the level of knowledge and 
understanding of science teachers of SMAN in Aceh in 
compiling higher order thinking questions are in the 
medium category and the level of knowledge and 
understanding in compiling the questions of HOT, 
Biology teacher get higher and highest category 
compared to the teacher of Physics and Chemistry. 
Based on the results of this study can be put forward 
several suggestions, namely to all science teachers 
(Physics, Chemistry, Biology) SMAN in Aceh should 
deepen the material and techniques of higher-order 
thinking,  the dean of SMAN in Aceh needs to follow up 
on the weaknesses of its teachers in formulating higher 
order thinking questions, and to the Head of Aceh 
Provincial Education Office, it is necessary to conduct a 
workshop or regular training on the compilation of HOT 
questions to all science teachers of SMAN in Aceh. 
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