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Design of Student Worksheets Oriented to Higher Order Thinking Skills 
(HOTS) in Physics Learning 

Muhammad Syahrul KAHAR1*, Ramadoni SYAHPUTRA2, Rahmatullah Bin ARSYAD3, Nursetiawan 
NURSETIAWAN4, Mujiarto MUJIARTO5 

Purpose: This research aimed to: (1) measure out the 

validity level of the developed Student Worksheets, 
(2) explain the students' responses and learning 
motivation in using Higher Order Thinking Skills 

(HOTS) -based worksheets, and (3) find the effect of 
the HOTS-based worksheet on learning outcomes. 

Methodology: The study employed the Research and 
Development (R&D) approach with the following 

steps: (1) preliminary study, (2) development, and (3) 
implementation. The population was all second-
semester students (Classes A, B, and C) in 2020/2021. 

Samples were 30 students of the Informatics Engineering Study Program at the Universitas 
Muhammadiyah Sorong. The data was collected from learning outcomes, validated worksheets, and 

student response and learning motivation instruments. Subsequently, the data were analyzed using 
learning outcomes data, expert validation, and regression analysis.  
Findings: The results showed that the design of student worksheets could effectively improve 

students' high order thinking skills, as indicated from their learning results in the good category. On 
the other hand, the design can also motivate students and activate their responses following the 

lesson. Implications to Research and Practice: HOTS-based worksheets encouraged students to 
understand the material and stimulate their thinking-frame to the maximum. Besides, the worksheet 

can motivate students to learn to understand the learning materials more easily. 
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Introduction 

Teaching is the process of delivering information that can affect students' knowledge. 
An evaluation of students’ knowledge can be done using a student worksheet. Besides 
evaluation, it is expected to increase their high order thinking skill. According to training 
students in higher-order thinking skills helps them reflect on the material they have 
learned, which can deepen their understanding and improve their skills. The process can 
be evaluated from their learning results. (Anderson & Krathwohl, 2010) mentioned three 
crucial points in reviewing higher order thinking skills: analysis, evaluation, and creation. 
Those three processes can become the guideline to measure students' understanding level 
after using a complex and structured method. In line with (Vidergor, 2018) higher-order 
thinking skill is defined as reviewing various innovations of teaching strategies that can 
improve students' thinking skills on an ongoing basis. 

Therefore, each learning needs a strategy to maximize the absorption of material in 
students' minds to improve their higher order thinking skills. A media that can be utilized 
is the student worksheet. According to (Maharajh, Brijlall, & Govender, 2008) the 
worksheet is a media that focuses on the distribution of knowledge through figures and 
symbols that can design students' thinking so that they can think structurally to understand 
the material. Besides that, (Chao, Yu, Chang, & Chueh, 2019)that a worksheet is learning 
media that focuses on training students to interpret the learning material to provide a new 
experience.(Chang, 2014; Luo, Ba, & Zhang, 2012) argued that to ensure the effectiveness 
of student worksheets, they can be adjusted based on the learning pattern and design 
applied in each learning material. 

It is also evident that worksheets oriented to Higher Order Thinking Skills (HOTS) are 
necessary to students' thinking and acting skills because they can examine whether all 
information is received optimally and accurately (Pratama & Retnawati). (Eisenman & 
Payne, 1997) explained that learning-oriented field study could give students high-order 
thinking skills to analyze problems. The study focused on improving students’ high order 
thinking skills that can be measured from their learning results. The study also developed 
a worksheet integrating high order thinking skills to boost students’ understanding of 
learning materials. 

The current study aimed to: (1) measure out the validity level of the developed Student 
Worksheets, (2) explain the students' responses and learning motivation in using HOTS-
based worksheets. (3) find the effect of the HOTS-based worksheet on learning outcomes. 
This study also aimed to develop students' higher-order thinking skill-based worksheets 
that compiled different sub materials to help students directly construct their knowledge 
and understanding to improve their ability to analyze each problem they found. 
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Literature review 

It is necessary to consider all supporting aspects preparing the young generation to face 
challenges in the 21st century. However, the current classroom has limited learning 
innovation, students have low interest in reading, and materials have poor quality. 
Furthermore, (Pratama & Retnawati) explained that the material complexity impacted the 
laziness and weakness of students to read science, especially physics. Therefore, there 
should be innovation in media used in the classroom (Maharajh et al., 2008; Maksum, 2013; 
Zohar, 2013) too, suggested using modules or worksheets as printed teaching materials or 
as independent guides to students. It included content, implementation, and other 
activities required for learning. 

Unfortunately, many educators do not implement innovations due to their lack of 
creativity, which affects their competence. Other factors include the lack of class mastery, 
soft skills, and laboratories; thus, many students cannot reach the competency standards. 
According to (Purnamawati, Ertikanto, & Suyatna, 2017; Rizqa Safitri, Budiharti, & 
Yusliana Ekawati, 2014; Ulaş, Sevim, & Tan, 2012) student worksheets can be used as a 
reference to support the learning process and as guidelines in assessing the level of student 
competencies after learning the material. Teachers usually provide worksheets not fully 
meeting the competency standards of each lesson because sometimes they do not consider 
the substance. Therefore, according to(Khoiri, Kusumawati, Kahar, & Mursidi) an 
innovative worksheet oriented to the students' ability to think highly or commonly called 
High Order Thinking Skills (HOTS) is necessary. (Eisenman & Payne, 1997; Febu, 
Nuswowati, & Sumarni; Firdaus & Wilujeng, 2018) explained that implementing learning 
focusing on students' high order thinking skills brings better learning nuance so that the 
material will be easier to understand. 

(Suriasa, 2018) observes that a learning process does not only help students knowing 
and memorizing physics concepts, but it also trains and develops high order thinking skills, 
soft skills, and scientific attitudes. Therefore, students should be able to analyze, evaluate, 
and create each material (three aspects of High Order Thinking Skills) by compiling and 
designing a worksheet integrated into higher-order thinking skills. (Kurniati; Maharajh et 
al., 2008) mention three indicators to measure higher-order thinking skills including 1) 
Analysis (structuring information into small parts); 2) Evaluation (providing an assessment 
of a solution, idea, or opinion using specific criteria); 3) Creation (designing an idea to solve 
a problem) 

(Widodo & Kadarwati, 2013) argue that students with low critical thinking ability also 
have inactive actions in learning and no willingness to seek information. Furthermore, 
passive educators only provide information, while students are embarrassed to ask 
questions and not dare express opinions. state that learning models and media could 
improve students' higher-order thinking skills. Eventually, according to (Barak & Dori, 
2009) implementing a learning model with higher-order thinking skills can stimulate 
student understanding and construct problems to achieve the best results. 

In general, learner worksheet applied in curriculum 2013 is similar to Student 
Worksheet. (Nadhiroh & Latifah, 2020; Pratama & Retnawati) state that student worksheet, 
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which is still more commonly called LKS, is a printed material containing materials, 
summary, and learning guidelines for students, which refer to the Basic Competencies. 
Therefore, student worksheet can become a learning resource in the forms of a worksheet, 
procedures of tasks, and learning evaluation that must be completed according to the 
essential competencies that must be achieved. Besides a guideline, Student Worksheet also 
has some other functions. (Ulaş et al., 2012; Vidergor, 2018) mentions that student 
worksheets could guide students to develop their cognitive skills and perform a trial or 
demonstration. 

The student worksheet is developed to (1) present the learning materials so that 
students can more easily understand the material; (2) present tasks related to the material; 
(3) train the independence in learning; and (4) to ease the teachers in preparing tasks 
(Pratama & Retnawati). Based on the statement, it can be concluded that the primary 
function of student worksheet is learning media that can be used to maximize the learning 
process to deliver the learning goals in the class. Student worksheet assists students to 
understand the material more easily, and they can more actively participate in the learning 
activities through pages of tasks provided in the student worksheet. 

High order thinking skills are higher cognitive thinking implemented in various 
cognitive concepts and methods and Bloom’s taxonomy like problem-solving approach, 
bloom taxonomy, learning, teaching, and assessment taxonomy (Sawyer, 2018). (Kurniati) 
mentioned that higher-order thinking happens when students can relate a priory 
information recorded in their memory with the new information, they get by rearranging 
them to solve each problem given to achieve the learning goal. The concept of high order 
thinking skills is based on some ideas, as presented in Table 1. 

Table 1. 

Basics of High Order Thinking Skill Concept 

Problem Solving 
(Krulik & Rudnick, 

1999)  

Original Bloom 
Cognitive Taxonomy 

(1956) 

Revised Bloom 
Taxonomy (Anderson & 

Karthwohl, 2010) 

High Order 
Thinking Skills 

Recall Knowledge Remember Critical Thinking 

Basic  Comprehensive Understand Critical Thinking 

 Application Apply 
Creative 
Thinking 

Critical Analysis Analyze Problem Solving 

Creative Synthesis Evaluate Decision Making 

 Evaluation Create 
Creative 
Thinking 
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The revision of Bloom's taxonomy by Anderson and Krathwohl focuses on more 
meaningful and applicative cognitive aspects for teachers. The learning practice is expected 
to help students process and elaborate learning goals efficiently and effectively. 
(Krathwohl, 2002) argues that a few of the indicators to measure the higher-order thinking 
skill include analyzing, the ability to review an old concept to the new one and correlate 
each component of the idea to make it easier to understand holistically; evaluating, which 
refers to the ability to do measurement and assessment based on particular criteria or 
standard, and creating, which is the ability to develop and unify each component into a 
solid concept that is more detailed and original. 

Method 

Research Design 

The study employed one group pretest-posttest design with Research and 
Development (R and D) approach. Three stages conducted in the study included: (1) 
preliminary study, (2) development, and (3) implementation(Walkoe & Luna, 2020; 
Whalen & Paez, 2021) 

 

Figure 1. Research and Development (R and D) Procedures 

Introduction Study 
1. Literature review 

2. Previous Studies 
3. Problem statement and objective of the research 

Design 
1. Student worksheet based on Higher order thinking skills (HOTS) 
2. Evaluation Instrument  

3. Validation Instrument  

Development 
1. Student worksheet design  
2. Student worksheet validation  

3. Student worksheet revision (if there any revision) 

Limited Scale 

Trial 
Implementation 
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Research Sample 

The research population was all even semester students in the academic year 2020/2021 
(90 students) in three classes (A, B, and C). 30 students of the Informatics Engineering Study 
Program at the Universitas Muhammadiyah Sorong were selected as the sample for a 
small/limited trial. The selection of the sample used the proportionate stratified random 
sampling technique to ensure its representativeness, considering that the population was 
spread in some heterogeneous classes. 

Research Instruments and procedures 

The instrument used to collect data were a pre-test and a post-test. Data obtained from 
the tests were the basis for evaluating the HOTS-based worksheet which was being 
developed. After that, motivation and response tests were distributed to investigate the 
students' interests during the learning process using the worksheet. The further stages 
followed the development design according to (Widodo & Kadarwati, 2013) 

Data Analysis 

In this research, expert validation was required before distributing the HOTS-based 
worksheets to the students. The instrument used in the study was a feasibility assessment 
rubric consisting of several indicators, namely: (1) Worksheet Format, (2) Worksheet 
Substance, (3) Grammar, and (4) Benefits. The use of the rubric in the validation stage was 
to obtain more precise information about the media that was being developed related to 
some indicators to be applicable to measure students' ability. 

Meanwhile, validity criteria adapted from (Maksum, 2013; Martin et al., 2015; Mutlu, 
2020) student worksheets and adopted in this study runs thus: 

1 ≤ va< 2 invalid 
2 ≤ va< 3 quite valid 
3 ≤ va< 4 valid 
Where Va = expert rating average 

The product is regarded to be valid when expert rating average Va is more than 3. An 
average score of less than 3 indicates that the developed worksheet is not valid and that 
the developed materials must be revised. Furthermore, the data were analyzed using 
descriptive statistics techniques to describe the characteristics of the distribution of 
students' learning results in Physics. Besides, data was also analyzed using the multiple 
regression method to see if students' responses and the learning activity influenced the 
students’ learning results after using the HOTS-based worksheet. It is formulated as below 
(Pratama & Retnawati) 

𝑦1 = 𝑎 +  𝑏1𝑋1 + 𝑏2𝑋2                                                                                                                1 
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Annotation: 

Y1 : Students' learning results 
X1 : Learning motivation 
X2 : Students' response 

The research hypothesis was tested using a t-test with a two-tailed test as below 
(Pratama & Retnawati)(Pratama, 2014). 

𝑡 =
𝑥̅ − 𝜇

𝑆𝑥̅
                                                                                                                                         2 

𝑆𝑥̅ =
𝑠

√𝑛
                                                                                                                                          3 

Note: 

=   average sample 

   =   average population or hypothesis 
S    =   Deviation Standard 

𝑆𝑥̅ =   standard error 
n    =   number of samples 

the hypothesis is formulated as below: 

𝐻𝑜: =  
0
 

𝐻1: ≠  
0
 

Note: 

The null hypothesis (Ho) states that there is no increase in students' learning results 
after using a HOTS based worksheet. The alternative hypothesis (H1) says an increase in 
students' learning results after being taught using a HOTS-based worksheet. 

Results 

The student worksheet was developed following the design that was predetermined. 
The products that were developed are shown in Figure 1. 
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Figure 1. Student Worksheet 

These developments were emphasized on several aspects and validated by experts. The 
expert validation is shown in Figure 2. 

 

Figure 2. Student Worksheet Expert Validation 
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Figure 1 illustrates the design of the worksheet used in the classroom, which had been 
integrated with high order thinking skills, and it was expected to measure the students' 
ability after learning. Figure 2 indicates that the developed worksheet can be implemented 
in a limited trial. The trial showed the average score of each indicator in good category for 
the four aspects. However, the qualitative analysis shows that the meaningfulness and 
clarity in certain sections of this HOTS based worksheet should be revised. Hence, the 
expected content can produce valuable outcomes for students. 

(Febu et al.; Firdaus & Wilujeng, 2018; Ruiz-Gallardo & Reavey, 2019; Sawyer, 2018; 
Suriasa, 2018) believe that such as development can help students to think critically about 
the learning materials. Similarly, (Chang, 2014; Chao et al., 2019; Chen, Chan, Chan, Clarke, 
& Resnick, 2020) argue that learning media development could increase students’ 
understanding in the classroom. This finding is consistent with the descriptive test results 
obtained in implementing the limited trial, as shown in Table 2. 

Table 2 

Descriptive Statistics 
Items Learning Outcome 

N 30 
Minimum 4,00 
Maximum 10,00 

Sum 262,00 
Average 8,73 

 Deviation Standard 1,28 
Variance 1,65 
Kurtosis 5,16 

Table 2 exhibits the average student learning outcomes after implementing the 
developed HOTS-based worksheets, showing an average level (8.73). It made clear that 
such a development could increase the students' ability to understand the material 
presented. Similarly, (Khoiri et al.) Komariah et al. (2015) explained that the application of 
worksheets can develop students’ learning outcomes maximally as indicated in the results 
of the regression test listed in Table 3. 

Table 3 

Multiple Regression Test 
Coefficients a 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
T Sig. 

Correlations 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part 

1 

(Constant) 4.640 2.457  1.889 0.086    

Motivation 0.194 0.090 0.546 2.152 0.054 0.561 0.544 0.535 
Response -0.006 0.019 -0.076 -0.299 0.770 -0.186 -0.090 -0.074 

a. Dependent Variable: HB 
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Table 3 shows that the development and application of HOTS-based worksheets can 
promote various positive impacts, including students' motivation and responses. The 
significance test on learning outcomes was at the level of 0.086, indicating that the 
developed worksheets significantly influence (maximizes) the students' motivation and 
response and hence can affect their learning outcomes. (Muhammad Syahrul Kahar, 
Wekke, Ibrahim, Amri, & Pristianto; Krathwohl, 2002; Krulik & Rudnick, 1999; Kurniati) 
too found that increased motivation and responses can significantly boost student learning 
outcomes. (Luo et al., 2012; Maharajh et al., 2008) too, explained that the learning 
elaboration based on the provision of illustrations either through media or other designs 
could improve learning outcomes and foster higher thinking skills. 

 

Figure 3. Average Learning Motivation 

 

Figure 4. Average Student Responses 
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Figures 3 and 4 show that students can take part in real learning so that they can solve 
problems independently and tenaciously. This persistence is believed to be able to foster 
interest in learning. On the other hand, there is also a response factor that can encourage 
willingness and motivation to learn because the learning pattern applied in the classroom 
is very good. This can encourage several aspects, including the desire to understand the 
material and increase the ability to think. 

However, based on the findings in this study, the aspect of creativity development still 
requires attention because there are still some students who find it difficult to find patterns 
of understanding in solving problems optimally. It is, therefore, necessary to have a special 
model and strategy in teaching each material by emphasizing the HOTS aspect which is 
oriented towards learning media, including worksheets, applications, and others. In line 
with the development of learning patterns can encourage an increase in students' 
understanding of learning material. 

The hypothesis testing in this study was based on a limited trial of students’ learning 
outcomes as set out in Table 4. 

Table 4 

Hypothesis Test (T-test) 

One-Sample Test 

 

Test Value = 0 

t Df Sig. (2-tailed) 
Mean 

Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

HB 37.233 29 0.000 8.73333 8.2536 9.2131 

Table 4 presents a significant increase in student learning outcomes as indicated by the 
t-test score of 37.233, and a significance level of 0.000. This shows that the development of 
HOTS-based student worksheets can encourage students to think more comprehensively. 
This is consistent with (Abdullah et al., 2016; Anderson et al., 2001; Ayva, 2012) who stated 
that the use of worksheets is beneficial for students as it grows the high order thinking skill 
to support the development of students' acquisition patterns. 

Discussion 

Student worksheet based on Higher-order Thinking Skills (HOTS) was the main output 
of this research, produced by pre-determined development design (starting from the needs 
analysis stage to the design and development stages). The stages ensured the integration 
of HOTS into the learning material. Experts' validation results showed an average score of 
3.88 (Good category), which meant that the worksheet could be applied on the field to 
develop students’ thinking skills. According to (Martin et al., 2015; Mutlu, 2020; Nadhiroh 
& Latifah, 2020) using HOTS in worksheet-based learning helps them understand and 
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integrate material effectively. Therefore, this made an impact on their achievement. 
(Vidergor, 2018; Virranmäki, Valta-Hulkkonen, & Pellikka, 2021) too, have argued that 
learning evaluation using HOTS-based instruments could improve students' ability to 
understand the material.  (Abdullah et al., 2016; Barak & Dori, 2009; Carroll & Harris, 2020; 
Chang, 2014) explained that the development of integrated learning HOTS can maximize 
students' thinking abilities. This enabled the student to solve any problems during 
learning. 

Meanwhile, the developed worksheet was tested on a limited basis, and the descriptive 
test showed an average learning outcome of 8.73 with a standard deviation of 1.28. The test 
performed on the hypothesis indicated that the development of worksheets based on 
students' high thinking skills can increase the learning outcomes since students are 
stimulated to think comprehensively. (Maharajh et al., 2008; Martin et al., 2015; Mutlu, 
2020) stated that the use of worksheets significantly impacts students in learning; one of 
them is to train their scientific skills and problem-solving. It can also encourage an 
improvement in their higher-order thinking skills. 

Furthermore, based on the tests performed on students' motivation and response to the 
learning results, the three components significantly influence the significance level of 0.086. 
it means that teaching using a worksheet integrates high order thinking skills that can grow 
and stimulate students' willingness to learn each material they receive. According to (M. S. 
Kahar, Fathurrahman, Amri, & Pristianto; Rizqa Safitri et al., 2014; Ruiz-Gallardo & 
Reavey, 2019) learning media combined with practice-based learning can facilitate 
students' curiosity about the importance of understanding problems. Therefore, every 
student can actively involve in the learning process 

The regression test results confirmed this phenomenon, by showing that the increase in 
the learning outcomes can simultaneously encourage maximum achievement for various 
aspects, including learning motivation and responses. Therefore, the developed worksheet 
significantly influences motivation and student responses, including competence to 
understand the material being taught. It is also evident in students' ability to understand 
the material during the class, which is high (8.75). Furthermore, the measurement of 
students' motivation was based on several indicators that explained how learning patterns 
in the classroom could encourage them to be tenacious and grow maximum willingness to 
continue learning and understanding each material. This is because learning is presented 
in an integrated worksheet on HOTS, which encourages curiosity about a problem. 

According to (Pratama & Retnawati; Ulaş et al., 2012; Vidergor, 2018; Whalen & Paez, 
2021) the patterns that prioritize problem-solving methods can promote students' 
awareness and motivation, affecting their learning outcomes. Moreover, because of the 
media, students' skills in finding solutions are also stimulated. (Ulaş et al., 2012; 
Virranmäki et al., 2021; Walkoe & Luna, 2020) argue that worksheets collaborated with 
learning models can increase the students' ability to understand the material, which results 
in the growth of their learning motivation. In line with motivation, student responses 
significantly impact their desire to continue learning problem-solving. However, they are 
also eager to learn every material provided by the teacher. According to (Febu et al.; 
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Firdaus & Wilujeng, 2018; Rizqa Safitri et al., 2014; Ruiz-Gallardo & Reavey, 2019) 
increased students' motivation and response in a collaborative learning strategy can 
improve their abilities and skills. 

The results of the hypothesis test show increase in students' learning achievement after 
implementing a high order thinking skill-based worksheet with a t-test score of 37.233 and 
a significance level of 0.000. (Luo et al., 2012; Walkoe & Luna, 2020; Whalen & Paez, 2021; 
Widodo & Kadarwati, 2013) stated that components influencing learning success are 
students' higher-order thinking skills. They enable them to evaluate the information they 
get, problems they find and construct knowledge using material they get in the classroom. 
Those three components can lead to a solution to each problem they face.(Chao et al., 2019) 
argued that worksheets integrated with higher order thinking skills can habituate students 
to untangle each information they get. 

Conclusion, Recommendation, and Implications 

The study concluded that (1) student worksheets based on HOTS developed in the 
study were valid and feasible to be applied to small/limited trials. The assessment showed 
the results in the good category. (2) There was an increase in learning motivation and 
responses after implementing the developed HOTS-based worksheets. It is indicated in the 
willingness and curiosity to understand the material provided, with an average result of 
23.32 and 4.79. The maximum scores for each instrument were 30 and 6.67, improving the 
learning outcomes. The HOTS-based worksheets improved students' motivation and 
response in learning. (3) There was a significant increase in student learning outcomes 
according to the tcount of 37.233 with a significance level of 0,000. 

Based on these conclusions, the study recommends that educators should provide 
factual learning design to stimulate students' thinking skills in each class. The study 
suggests an increase in students' thinking skills through the development of worksheets. 
In this case, the implementation of the media will improve and push students' enthusiasm 
to learn and to understand the learning materials. For teachers, the development of higher-
order thinking skills-based worksheets can become the model in designing learning 
activities according to the complexity level of the material. 
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