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Abstract: A prospective teacher requires a Higher Order Thinking 
Skills (HOTS) in solving pedagogical problems. On the other 
hand, in reality, this ability was still relatively low. The general 
purpose of this study was to improve the quality of the learning 
process in the mathematics learning strategy course to strengthen 
students HOTS in solving pedagogical problems. Furthermore, 
the purpose of this research specifically was to determine the 
validity, practicality, and effectiveness of the module. This study 
was development research (Research & Development) using 
Thiagarajan, Semmel and Semmel model (4D model) which 
consist of four stages: defining, designing, development and 
disseminating. The instruments used were validation sheet, HOTS 
test, observation sheet, and questionnaire. The subject of this 
research was the undergraduate students of class A on trial I and 
class B on trial II, where each class consists of 48 and 39 people 
respectively. The finding of this study shows that the module 
developed was valid, practical, and effective to use. Moreover, 
students’ HOTS increased significantly. 

Index Terms: Development research, higher-order thinking 
skill, problem-based learning.  

I. INTRODUCTION 

 A lecturer should use a module that can improve students' 
higher order thinking skills because the skills are required to 
solve various complex problems. However, in reality, the 
modules of mathematics teaching and learning strategy 
cannot be used to improve the competency. Because the 
modules were designed only as a source of information, and 
none was developed based on problems. Consequently, 
students' cognitive development is only limited to knowing, 
understanding and applying (lower-order thinking). As a 
result, they cannot solve pedagogical problems at a high level 
of thinking. 
Understanding pedagogical problems is an absolute 
requirement to be a professional teacher [1]. As a teacher will 
face various pedagogic issues that must be solved 
professionally to achieve learning goals. However, based on 
diagnostic test results, the ability of prospective teachers to 
solve educational problems is still relatively low. Therefore, 
an effort is needed to enhance these competencies. 
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Higher order thinking (HOT) is a skill of processing 
information to solve complex problems. If associated with 
taxonomy, it is a process of thinking at the level of analysis, 
synthesis and evaluation [2-4]. Furthermore, the definition 
was revised to be analyzing, evaluating, and creating [5]. In 
general, thinking skills consists of four levels: recall, basic, 
critical, and creative thinking [6]. Besides, the convoluted 
thinking process can be categorized into four groups: 
problem-solving, decision making, critical thinking, and 
creative thinking [7]. Besides, this skill consists of critical, 
logical, reflective, cognitive and creative thinking [8]. 
Brookhart [9] defined that HOT in three categories, which are 
related to transfer, critical thinking, and problem-solving. 

Moreover, Brookhart [9] stated that to evaluate HOTS can 
be carried out of assessing analysis, evaluation, and creation, 
logic and reasoning, judgment (critical thinking), 
problem-solving, and creativity and creative thinking. 
However, in this study that the HOTS was measured based on 
critical thinking, problem-solving and creative thinking skill. 
Critical thinking is a reasonable reflective way of thinking 
that focuses on deciding what is believed or done [10]. 
Besides, problem-solving is an attempt to find a way out of 
difficulty and achieve a goal [11]. Moreover, creativity is the 
process of generating valuable new ideas [12]. There are two 
concepts related to creativity: imagination and innovation. 
Creative thinking is a skill to create new approaches to 
achieve various goals [13]. 

The problem-based module is a set of a module designed 
based on the problem. It means that the problems as a focus in 
developing material and HOTS. Thus, students will easily 
recall and transfer their knowledge to solve new problems 
[14]. 

II. THEORETICAL REVIEW AND RESEARCH 

METHODS 

This research is Research and Development (R&D) of the 4D 
model (defining, designing, development and disseminating 
[15]. The purpose of this study is to develop materials, 
learning activities and learning tools to achieve learning 
goals [16]. In this study, a mathematical learning strategy 
module was developed based on a problem to increase HOTS 
in solving pedagogical issues. Moreover, this research is 
successful if the module developed is valid, effective and 
practical. The subjects of this study were students of 
mathematics education A and B with the number of students 
39 and 48 respectively.  
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The instruments used were: 1) validation and test sheets 2) 
student activity observation sheets, 3) and student and 
lecturer response questionnaires. Besides, the data were 
analyzed descriptively. 
The validation sheet aims to see the level of suitability of the 
content, language, format, and illustrations with the learning 
objectives. All validation sheets were analyzed using the 
formula: the average validation score (VL) is equal to the 
total score divided by the number of assessment aspects [17]. 
The following table 1 reveals the criteria for validity [17]. 

 
Table 1 Univariate analysis for genre 

No VL (Average Value) Validity Criteria 
1 1 ≤ VL < 2 Poor 
2 2 ≤ VL < 3 Fair 
3 3 ≤ VL < 4 Moderate 
4 4 ≤ VL < 5 Good 
5 VL = 5 Excellent 

 
Besides, the learning devices are valid if the validity level is 
in good or excellent category. Student response data is useful 
to identify positive responses (happy, interest, New, interest, 
and clear) on the devices developed. Additionally, to 
determine the percentage of many students who gave a 
positive response to the categories in each item, the following 
formula was used: the proportion of students who responded 
to certain aspects, divided by the number of all students, then 
multiplied by one hundred percent [18]. In this study, student 
response is positive if the positive reaction reaches at least 
80%. Besides, an analysis of the teacher's response aims to 
determine the teacher's positive response to the devices 
developed after using it. Based on the score range, the 
response is categorized into 4: poor in the field 1 to 1.74, fair, 
good, and excellent in the range, 1.75 to 2.49, 2.50 to 3.24, 
3.25 to 4 respectively [19]. In this study, the module is 
practical if the lecturer response is in the good or excellent 
category. 
Furthermore, to determine the level (percentage) of student 
activities, the following formula is used: the frequency of 
each aspect that is carried out by students is divided by the 
number of all elements observed. Then the criteria for the 
effectiveness of student activities are determined based on 
the provisions [20]. 
Design of this study was one group pre-test and post-test 
design. An increase of HOTS was determined based on the 
index gain. The formula for deciding it was as follows: the 
difference between the post-test and pre-test scores, then 
divided by the difference between the ideal score and the 
pretest score [21]. Besides, Hake [22] stated that the gain 
value (g) was categorized as high if g˃0.7, while for the 

medium and low categories if the score is in the range of 
0.3<g ≤0.7 and g≤0.3. The index gain should be in a high 

class to meet the effectiveness criteria. 

III. RESULT AND DISCUSSION 

A. Defining Process 

Based on front-end analysis, students' HOTS in solving 
pedagogical problems were still relatively low. In contrast, 
based on the results of an analysis to the level of intelligence, 
they were categorized as medium and high. Furthermore, 

after an in-depth analysis, it was concluded that it was 
necessary to develop a module that could be used to solve the 
problem. After that, the process of task analysis and concepts 
produced the following hierarchy of material: mathematics 
learning strategies, learning theories, mathematical abilities, 
approaches to mathematics learning, methods and learning 
models. Finally, learning objectives were formulated, where 
the specific objectives were determined based on basic 
competencies and indicators that had been determined by the 
study program. The general goal was to increase students' 
HOTS in solving pedagogical problems.  

B. Designing Devices 

At this stage, modules and test instruments were designed to 
produce a prototype. The material was developed based on a 
problem that aimed to improve students' HOTS. The module 
contains not only explanations but also various pedagogical 
problems. In addition, 6 essay tests were developed based on 
basic competencies and learning objectives. Furthermore, 
several slides and movies were constructed to support the use 
of the book.  

C. Developing Learning Devices 

The process in this phase aimed to produce the best final 
teaching material. Therefore, the module was assessed by 
expert appraisals and developmental testing outside the 
research population, until the module was in the category of 
valid, effective and practical.  
The module was validated by four lecturers who are experts 
in their field before the trial. This module is valid if it is in a 
good or excellent category. The following Table 2 reveals the 
results of the validity. 

Table 2 Module validation 

Aspect 
Validator 

Average 
Validity 
Criteria 1 2 3 4 

Format 4.3 4.2 4.7 4.5 4.4 good 
Language 4.0 3.9 4.1 4.0 4.0 good 
content 4.2 4.4 4.3 4.0 4.3 good 
Ilustration 4.0 4.2 4.2 4.4 4.2 good 
learning 
objectives 

4.0 4.1 4.1 4.2 4.1 good 

Table 2 shows that the module is valid in the good category. 
In other words, the module is suitable to use. On the other 
hand, the note on the validation sheet is "the module is in 
good category and can be used with little revision in aspects 
of language.”  
The following Table 3 explains the results of the validation of 
9 essay tests. In general, Table 3 reveals that all tests 
(problems) are valid and can be used to measure HOTS. 
However, there are some items recommended for revision. 

Module effectiveness is measured based on student activity 
and index gain. The module is effective if student activities 
are in the ideal category and the gain value for each indicator 
is in the high class. Table 4 shows the level of active student 
activities. Table 4 reveals that all items the trial I are ideal 
except in finding ways and solving problems. Moreover, 
there are 11% of activities that are not by the learning plan.  
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After interviewing ten students, this occurred because they 
were still confused about the problem-solving procedure. On 
the other hand, in trial II there was an increase in active 
activities, where all items were in the ideal category. 
Moreover, the following Table 5 shows that the average score 
and gain value for each indicator.  
Table 5 reveals that the skill of problem-solving and creative 
thinking is still in the medium category in trial I. It means that 
the effectiveness criteria are not fulfilled. However, in trial II 
the three aspects are in the high group. Furthermore, based on 
the index gain, it is known that the students HOTS increased 
dramatically after trial II. Finally, it can be concluded that the 
module is practical. 
The first criteria of the module is practical if at least 80% of 
students’ response are positive in every aspect. Table 6 states 
that in the trial I the positive response of students was more 
than 80%, except in the language aspect. After conducting 
interviews, they noted that the language in the module was 
not easy to understand. After revising it, then tried in trial II. 
As a result, in this phase, all positive responses exceeded 
80%. 
The module is practical if it fulfills the second criterion, 
where the teacher's positive response should be in the good or 
excellent category in every aspect. Table 7 reveals that the 
module is still in the fair and poor category in the content and 
illustrative aspects. After finding the mistake, then continued 
to develop and use it on trial II. Consequently, all elements 
were in a good category. In conclusion, the module was 
practical. 

D. Disseminating 

At this stage, the module was only introduced to the lecturers 
in Universitas Negeri Medan (UNIMED). Furthermore, it can 
be used in the teaching and learning process in the upcoming 
academic year, especially in the mathematics learning 
strategy course. 

IV. CONCLUSION 

The module fulfilled the requirements of validity, 
effectiveness, and practicality. After using it, there was a 
sharp increase in the higher order thinking skills in solving 
pedagogical problems. The highest increase was found in 
critical thinking and then followed by problem-solving and 
creative thinking. Finally, the author suggests using this 
module, especially during the mathematics learning 
strategies class.  
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