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ABSTRACT 
 

This study aims to examine the effect of dynamic problem-solving learning strategies on students' 
critical thinking skills. This research employed a quantitative approach with a true experimental 
design in the form of a posttest-only control group design. The population of this study was drawn 
from all first-year undergraduate students in the academic year 2022/2023 of the Physics 
department in the Faculty of Mathematics and Natural Sciences at Universitas Negeri Makassar. 
The sample was determined using simple random sampling, resulting in 25 students in the 
experimental group and 27 students in the control group. Based on the data analysis, it was found 
that the implementation of dynamic problem-solving learning strategies was well-executed and 
highly rated in terms of management, according to expert judgement. Meanwhile, the analysis 
results of the critical thinking skills of students in the experimental group were 80.10 in average and 
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59.81 in the control group. The analysis of the impact of physics learning strategies on students' 
critical thinking skills yielded a value of 0.00, which is smaller than 0.05. Therefore, it can be 
concluded that dynamic problem-solving learning strategies have a significant impact on students' 
critical thinking skills. 
 

 
Keywords: Learning strategy; critical thinking; high order thinking skill. 
 

1. INTRODUCTION 
 
The 21st century is characterized by intense 
competition in various fields of life, including 
education, especially science education. Our 
country is faced with the demand for the 
importance of quality human resources that are 
able to compete. The quality of human resources 
is of course the impact of the quality of science 
education itself, which will be the main force to 
deal with the problems faced. So we realize that 
one way to deal with the competition is through 
improving the quality of education. Education is 
the basic capital in shaping mindset and 
intellectual development as well as a means of 
transmitting values, ideas, and refining ways of 
thinking. Nowadays, the competition for a decent 
life depends on creativity and the ability to 
innovate. According to Law No. 20, Year 2003. 
Article 3 states that national education functions 
to develop the potential of students to be 
capable, creative, and knowledgeable. Improving 
the quality of education is still being pursued, 
especially in terms of the development of science 
and technology and in developing reasoning 
power, logical, systematic, and critical thinking. 
The focus of this improvement is based on one of 
the competencies demanded by the 21st century 
generation, namely to improve the ability to think 
at a high level or High Order Thinking Skill 
(HOTS) or critical thinking skills. 
 
Critical thinking is seen as cognitive skills in 
interpreting, analysing, evaluating, inferring, 
explaining, and self-control (Bailin et al., 1999). 
Burden and Byrd [1] categorises critical thinking 
as a higher-order thinking activity that requires 
cognitive skills, which is also justified by Borich 
[2] that critical thinking requires cognitive skills 
[3]. Students need to develop science process 
skills to be able to construct and solve problems 
and think critically [4]. It can happen because the 
components of critical thinking are mostly 
components of science process skills, namely 
designing experiments, testing hypothesis, 
hypothesising, predicting, infering, classifying, 
measuring, observing, and analysing [5]. It can 
be concluded that if students' science process 
skills develop, then their critical thinking skills will 

also develop. Learning to improve science 
process skills in the form of learning with a 
scientific / scientific approach that adopts the 
scientific method, which we all know the 
educational paradigm in the 2013 curriculum has 
changed towards a scientific approach that 
previously used a textual approach. The 
description provides an overview of the 
importance of critical thinking skills. 
 
We have all realised the importance of critical 
thinking. The Secretary Commission on 
Achieving Necessary Skills (SCANS) revealed 
that one of the skills that students need to have 
is thinking skills. The World Economic Forum 
identified that one of the competencies that 
students must have is the ability to think critically 
and creatively [6]. Similarly, the Partnership for 
21st Century in 2008 in 21st Century Skills, 
Eduacation, & Competitiveness explained that 
the 21st century competency framework is not 
only limited to having subject matter knowledge, 
but must be equipped with innovation, 
communication, collaboration, and critical 
thinking skills. 
 
The importance of critical thinking skills has been 
recognised by all parties in Indonesia. The 
integration of higher order thinking aspects in 
National Examination questions has been carried 
out in recent years. It cannot be denied that 
higher-order thinking, which includes critical 
thinking skills, is a skill that students are 
expected to have that educators, especially for 
universities, are expected to build this skill. 
Hager and Kaye [7], people who have critical 
thinking skills have the advantages of: (1) 
competing effectively in education, work, and 
achievement in society; (2) critical thinking is the 
initial need to be a good citizen; (3) thinking to be 
able to contribute to others psychologically; (4) 
critical thinking is needed in order to work 
effectively; (5) thinking is the basis of a person's 
humanity, and if he cannot develop his thinking 
ability, his humanity cannot be expressed 
properly. 
 
Critical thinking is described by Ennis [8] is 
reasoned and reflective thinking that emphasises 
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making decisions about what to believe and what 
to do. According to Beyer [9], critical thinking is 
the ability to judge whether information is valid or 
not, to distinguish the relevance of information, to 
distinguish between facts and opinions, and to 
identify biases and points of view. Most experts 
assume that critical thinking skills can only be 
developed through specific subjects [10], one of 
which is physics. The same thing was expressed 
by [11], who think that students cannot develop 
their thinking skills if there is nothing to think 
about or material to think about (ten Dam and 
Volman, 2004). On the other hand, physics offers 
all aspects that can be used by students as a 
vehicle for thinking. 
 
Physics as a vehicle to foster critical thinking 
skills is difficult to realise without an educator as 
a facilitator. If an educator uses the right 
instructional methods and curriculum materials, 
students will be able to improve their critical 
thinking skills [12]. According to [13], that there 
have been many studies documenting how the 
development of critical thinking can be improved 
through the use of specific teaching methods and 
strategies. McKeachie [14] assumed that critical 
thinking skills would be difficult to develop in a 
class with many students [15]. This shows that 
fostering critical thinking skills is a big challenge 
for educators in Indonesia, which has a large 
number of students. 
 
Improving the quality of education in Indonesia, 
especially critical thinking skills, is carried out 
continuously and until now continues to be 
implemented. Various efforts have been taken by 
the government in an effort to improve the quality 
of education, one of which is improving the 
quality of educators as the most important 
component through certification programmes. 
One of the main professional abilities and skills 
that must be possessed by educators is the 
ability in the field of education and teaching, 
especially related to learning strategies. 
Romiszowski (1981), a learning strategy is a 
generalised view of a course of action adapted 
from selected commands for learning methods. 
 
Facione [16] stated that the essence of critical 
thinking is a detailed description of several 
characteristics, such as the processes of 
interpretation, analysis, evaluation, inference, 
explanation, and self-regulation. There are 
several general characteristics of critical thinking, 
including the ability to make and evaluate 
conclusions logically and systematically through 
examination of problems, evidence, and 

solutions. However, factually, it shows that the 
average critical thinking skills of students are still 
low. The results of initial observations and 
empirical data by the researcher as a lecturer in 
the Physics Department, show that early level 
physics students tend not to understand the 
concept of critical thinking. They have difficulty 
applying physics knowledge and concepts in 
analysing problems. Lack of practice in scientific 
problems, limited learning resources, biased 
perceptions, and learning time restrictions 
contribute to the low critical thinking skills of 
students. Students are also accustomed to 
memorising since high school until they enter 
college, only mastering a few concepts, and 
lacking training in critical thinking. Difficulties in 
solving problems and finding alternative solutions 
are also caused by a lack of basic knowledge. 
Therefore, the learning process should include 
essential critical thinking skills, where students 
should be able to interpret, analyse, evaluate, 
infer, explain, and self-regulate to find alternative 
solutions and make decisions. Learning 
experiences that involve activities that exercise 
critical thinking skills can significantly influence 
the development of these skills. The results of 
these observations are reasonable, because of 
the results of the research by Haris, et. al (2023) 
that the critical thinking skills of students in 
solving high school physics problems as much as 
75.50% of the total population are in the low 
category. The same results were also revealed 
from research Khaeruddin [3] that the critical 
thinking skills of students in several high schools 
in Makassar City are in the low category. 
Lecturers as educators need to identify effective 
strategies so that students can practice and 
improve their critical thinking skills. The use of 
learning tools and resources that support the 
achievement of this goal is important to 
overcome the problems and complexity of 
knowledge faced by students.  
 
 Regarding learning strategies, coherent 
problem-solving strategies are rarely found in the 
solutions provided to students, especially in the 
student solution manuals that usually accompany 
textbooks. Generally, problem-solving strategies 
in standard textbooks encourage the use of 
formula-based schemes such as those compiled 
in formula summaries at the end of each chapter 
of the text, and these strategies seem to be 
commonly used even in classroom teaching. As 
a result, students simply mimic the way of 
problem solving in the textbooks. From various 
unstructured interviews that have been 
conducted several times, it is known that 
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students admit to a lack of reasoning skills, 
namely associating ways to solve problems by 
analogising them with other similar problems. 
This is not surprising, considering that students 
only copy the solution method in the textbook 
that is not related to the problem to be solved 
(analogue ability). 
 
The demand for teachers, especially physics, is 
to use effective learning strategies that can 
shorten the time in improving intuitive conceptual 
reasoning skills and improving quantitative 
reasoning. In addition, physics teaching 
strategies that direct students to engage in 
mathematical and conceptual reasoning activities 
are still lacking. If students' mathematical and 
conceptual reasoning are exercised, then they 
also get the necessary training in their 
computational skills, while learning how to use 
mathematical formulae to derive physics 
equations. In other words, students can improve 
their higher-order thinking skills through 
mathematical understanding of physics 
problems, which in turn involves "meaningful" 
learning that goes beyond rote procedures. 
Moreover, by using quantitative problems that 
require students to illustrate their conceptual 
knowledge and understanding, they will show 
their learning outcomes, which is the best form of 
feedback. Such a learning strategy will provide a 
platform for students to apply their mathematical 
skills and discover new non-formal approaches 
to calculation. 
 
According Paul and Elder [17] in his article 
"Critical thinking as a citizenship competence: 
teaching strategies" explains that for the 
improvement of critical thinking skills in certain 
domains, critical thinking is usually not strictly 
defined and is often almost identified with 
problem-solving or active learning [18]. In relation 
to problem-solving, Stenberg (1989) proposed a 
theory of intelligence called the triarchic theory 
with one of the sub-theories being componential 
intelligent behaviour. Where there are 3 
components of information processing: (a) 
learning how to do certain things; (b) planning 
what to do and how to do it; and (c) doing it. 
People with this type of intelligence generally do 
well on tests and come out on top. They can 
evaluate work and also have higher order 
thinking skills [19]. Stenberg's phrasing is in line 
with the steps revealed by (Polya, 2014), which 
reveals that in general the steps of the problem-
solving strategy are Understanding the problem, 
Devising a plan, Carrying out the plan, and 
Looking back. In this regard, the problem-solving 

strategy is expected to improve higher order 
thinking skills. 
 
Neuroscience is a field of science that 
specialises in the scientific study of the nervous 
system, especially the human brain. 
Neuroscience is closely related to higher-order 
thinking skills with one of its parts being critical 
thinking. In the process, this skill goes through 
the stages of emotion regulation, awareness, 
monitoring the cognition process. The 
occurrence of high-level thinking processes is the 
task of the front part of the brain called the 
prefrontal lobe/prefrontal cortex. This frontal 
hemisphere is known as the executive control 
centre or the centre of higher order thinking. It is 
also where problem-solving efforts take place 
[20] (Fitri, 2017).  
 
Another Neuroscience perspective that supports 
how problem solving can improve higher order 
thinking skills is expressed by Fiore & Schooler 
who have an interesting view on creative 
problem solving involving right hemisphere 
functions. In fact, it has been suggested that 
insight can be linked to certain cognitive 
processes that are known to originate in the right 
hemisphere of the brain (Beeman. M., & 
Chiarello. C., 1998). The concept originator of 
“Emotional Inteligence”, Goleman (1994) 
explains that humans have two hemispheres of 
the brain. In short, the left brain functions as the 
thinking brain while the right brain functions as 
the emotional brain. If the right brain is stimulated 
so that it becomes intelligent, the left brain will 
automatically become smarter. According to 
Damasio (in Fitri, 2017) states that the right brain 
is needed to make rational decisions. The ability 
of the brain to feel this emotional brain will guide 
cognitive in the right direction. The ability of self-
regulation in the process of high-level thinking is 
the work of the right brain that directs the work of 
the left brain to monitor the problems faced. This 
process will develop students' thinking skills to 
find ways to solve the problem. This is where 
students' high-level thinking skills will be formed. 
In other words, problem-solving strategies can 
improve higher order thinking skills. 
 
It has been described that problem-solving 
strategies can improve higher order thinking 
skills. As explained by [20] that the problem-
solving strategy stage is divided into four, [21]. 
Schoenfield (1985) in his book “Mathematical 
Problem Solving” then revealed that problem-
solving strategies should be more complex than 
previously known, and if we expect students to 
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use these strategies then the steps should be 
described in more detail. Rojas [21] then divided 
the steps into six stages, namely: (1) 
Understanding the problem; (2) Providing a 
qualitative description of the problem; (3) 
Planning the solution; (4) Implementing the plan; 
(5) Verifying the internal consistency and 
coherence of the equations used; (6) Checking 
and evaluating the solution obtained. 
 
The problem-solving strategy steps described 
are known as dynamic problem solving 
strategies. These solution steps provide an 
integrated and systematic approach using 
qualitative (steps 1-3) and quantitative (steps 4-
6) reasoning. Educators can emphasise one set 
of steps only, then provide a structured recipe for 
carrying out the other half of the steps. Providing 
a qualitative description of the answer to a 
problem also means providing a solution as a 
physicist, and not just a meaningless 
mathematical answer. Educators emphasise that 
the solution to a problem is a combination of 
quantitative and qualitative reasoning. 
 
The advantages of dynamic problem solving 
strategies have also been proven in several 
studies conducted by the author, namely the 
dynamic problem solving strategy can foster 
students' science process skills in the good 
category (Haris dkk, 2016). In addition, there are 
also a number of studies that examine problem 
solving strategies in physics. Research 
conducted by Alwi (2017) who applied dynamic 
problem solving strategies (DPSS) to senior high 
school students. The result is that the critical 
thinking skills of students taught using DPSS are 
higher than the critical thinking skills of students 
taught using expository strategies. Other 
research by Wardani (2016) shows that learning 
using DPSS can be used as a learning strategy 
that influences students' creative thinking skills. 
A study by Jalil, et. al (2016) suggested that the 
DPSS strategy consists of two main lessons, 
namely learning designed for students to 
understand concepts and learning to solve 
physics problems using worksheets. 
 
Based on the description above, the researcher 
examines and conducts research related to the 
effect of dynamic problem solving learning 
strategies on students' critical thinking skills, so 
the formulation of the research problem 
answered in this study is whether there is a 
significant effect of dynamic problem solving 
learning strategies on students' critical thinking 
skills in the Department of Physics Faculty of 

Math and Science, Universitas Negeri 
Makassar? 
 

2. METHODS 
 
This research is a quantitative research with 
experimental method. The research design used 
in the actual experiment is posttest only control 
group design as follows: 
 

R       X      01 

R               02 
 
Description:   

 
X : Treatment in the form of applying the 
developed strategy 
O1: Observation/results of students' critical 
thinking after learning in the experimental 
class. 
O2: Observation/results of students' critical 
thinking after learning in the control class. 
R: Random 
(Fraenkel, J.R., et al., 2012) 

 
Population refers to a group of people, objects, 
or events. The definition of population also 
includes a broader entity, consisting of various 
people, objects, and events, which are then used 
as a basis for generalisation. Thus, population 
can be interpreted as a number of groups that 
are the focus of research, and from this group 
researchers make generalisations based on the 
results of the research conducted [22]. So that 
the intended population in this study are all first-
year students in the 2022/2023 academic year in 
the physics department of the faculty of 
mathematics and natural sciences, Makassar 
State University. The method of selecting a 
sample using simple random sampling, resulting 
in an experimental class of 25 students and a 
control class of 27 students [22]. 
 
Data collection was carried out by implementing 
learning using synamic problem solving learning 
strategies in experimental classes and 
conventional strategies in control classes. The 
data obtained include data on the implementation 
and management of dynamic problem solving 
strategies and the results of quantitative 
descriptive analysis of students' critical thinking 
skills. To support the data collection process, the 
following instruments were used. 
 

1. Strategy Implementation Observation 
Sheet. Observations of the lecturer's ability 
to implement learning to improve students' 
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critical thinking skills, namely the 
Implementation Observation Sheet 
developed strategy. Observations of the 
implementation of learning for each SAP 
were observed by two observers consisting 
of 3 score levels, namely score 1 (not 
implemented), 2 (partially implemented), 
and 3 (fully implemented) [23]. 
Observations were carried out 
simultaneously from the beginning to the 
end of the learning activities.  

2. Strategy Management Observation Sheet. 
Observation of learning management is the 
Strategy Management Observation Sheet 
in the developed strategy. The learning 
management carried out in using the 
developed strategy was observed by two 
observers consisting of 4 score levels, 
namely score 1 (not good enough), 2 
(good enough), 3 (good), and 4 (very 
good). Observations were conducted 
simultaneously from the beginning to the 
end of the learning activities. 

3. Critical Thinking Skills Test. Critical 
thinking skills test is used to measure 
critical thinking skills in Physics learning 
including critical thinking skills. 

 

Data analysis has a crucial role in the scientific 
method, because through the analysis process, 
the data can be given meaning and interpretation 
that is useful in overcoming research problems. 
Before running the prerequisite test of this 

research, a trial of the instrument is carried out 
first in the second grade who have studied the 
material in question. The number of questions 
tested as many as 20 items. The purpose of this 
trial is to assess the feasibility of the instrument 
as a measuring instrument. Validity is a condition 
that must be met before the instrument is used. 
The instrument is declared valid when the 
calculated R value (product moment) is greater 
than the R table and the reliability value meets 
the cronbach alpha riliabel requirements [24]. 
After performing the prerequisite test calculation, 
the next step is to perform data analysis to test 
the hypothesis that has been proposed. This test 
aims to assess whether there is a significant 
influence between students who follow the 
learning strategy of dynamic problem solving with 
students who follow conventional strategies. 
Hypothesis testing is conducted using the 
formula "t test" as described by Arikunto [24]. 
 

3. RESULTS 
 

3.1 Data of the Implementation and 
Management of Dynamic Problem 
Solving Strategy 

 
The results of implementation (Table 1) and 
management (Table 2) the effect of dynamic 
problem solving strategies on critical thinking 
skills in terms of each aspect and each meeting 
are as follows: 

 

Table 1. Observation results of dynamic problem solving strategy implementation 
 

Meeting Aspect Average Category 

1 2 3 4 

I 2 2 1,5 2 1,9 T 
II 2,5 3 3 3 2,9 TK 
III 2,8 3 3 3 2,9 TK 

Description: T=Implemented, TS=Partially Implemented, TK=Totally Implemented 
 

Table 2. Observation results of dynamic problem solving strategy management 
 

Meeting Aspect Average Category 

1 2 3 4 

I 2,3 2,3 2 2,5 2,3 B 
II 3,3 3 3 4 3,3 AB 
III 3,3 3,5 4 3,5 3,6 AB 

Description: KB=Less Good, CB=Fairly Good, B=Good, AB=Amat Good 
 

In general, the implementation of the dynamic problem solving strategy stages during the lecture 
obtained the implementation and management of a good dynamic problem solving strategy. It can be 
seen in the results of the observer's observation that the implementation of the dynamic problem 
solving strategy stage is carried out as a whole as designed in RPS and SAP, and is very well 
managed by lecturers in accordance with RPS and SAP. So it can be stated that the dynamic problem 
solving strategy is used very well in learning. 



 
 
 
 

Haris et al.; Asian J. Educ. Soc. Stud., vol. 50, no. 6, pp. 418-432, 2024; Article no.AJESS.117654 
 
 

 
424 

 

3.2 Test Data Prerequisites Instrument Critical Thinking Skills 
 
The results of the validation test related to critical thinking skills instruments as many as 20 questions 
are shown in Table 3 as follows. 
 

Table 3. Validity results of critical thinking skills test item 
 

Question Number Sig. r Statement 

Point_1 0,40 0,04 Valid 
Point_2 0,40 0,04 Valid 
Point_3 0,52 0,00 Valid 
Point_4 0,52 0,00 Valid 
Point_5 0,60 0,00 Valid 
Point_6 0,69 0,00 Valid 
Point_7 0,69 0,00 Valid 
Point_8 0,69 0,00 Valid 
Point_9 0,40 0,04 Valid 
Point_10 0,69 0,00 Valid 
Point_11 0,61 0,00 Valid 
Point_12 0,69 0,00 Valid 
Point_13 0,72 0,00 Valid 
Point_14 0,70 0,00 Valid 
Point_15 0,72 0,00 Valid 
Point_16 0,70 0,00 Valid 
Point_17 0,34 0,09 Invalid 
Point_18 0,24 0,25 Invalid 
Point_19 0,35 0,08 Invalid 
Point_20 -0,16 0,45 Invalid 

rtable=0,380 (n=25) 

 
While the test results of the instrument reliability 
critical thinking skills of students obtained 
Cronbach's Alpha value of 0.90 or greater than 
0.05, so it is declared reliable. It shows that 90% 
of the variations of the critical thinking skills test 
consist of elements that contain truth, and the 
remaining 10% contain elements of error. Based 
on the grating of the critical thinking skills test 
instrument before and after the test, it appears 
that all aspects or indicators after the test, both 
theoretically and empirically, are in accordance 
or represented on the grid before the test. This 
indicates that all instruments have met the 
element of logical validity. 
 
The results of validity and reliability are also 
supported by statements by practitioners and 
experts that the accuracy of measuring indicators 
for each item of the critical thinking skills test 
instrument shows very precise results, very clear 
language clarity, and excellent graphics. Thus, 
experts and practitioners recommend that the 
entire test item (as many as 16 items) of critical 
thinking skills be used in this study. The 
suggestions and recommendations mentioned 
above were carried out at the stage before the 
use of the instrument by reducing the item about 

critical thinking skills from 20 items to 16 items by 
considering the relevance of the item about the 
indicators of critical thinking, graphicity, 
complexity of the problem in the problem, and 
the suitability of the knowledge of students as 
research subjects. 
 

3.3 Data Analysis Results Description 
and Inferential of Critical Thinking 
Skills 

 

The results of descriptive analysis of critical 
thinking skills of students in the experimental 
class and control Class respectively obtained the 
average value of critical thinking skills of 
experimental class students of 80.10 and control 
class students of 59.81. While the results of 
inferential data analysis / different tests on the 
effect of dynamic problem solving strategies to 
improve critical thinking skills begins with 
analyzing the normality of each experimental and 
control class posttest data. The results of the 
experimental class posttest data normality test 
obtained a significant value of 0.10 and the 
control class posttest data normality test 
obtained a significant value of 0.08. So that both 
experimental and constraint class posttest data 
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have significance >0.05 or can be stated as both 
normally distributed data. Furthermore, different 
tests were conducted independent sample test 
on critical thinking skills experimental class and 
control class. The results of the different tests 
analyzed obtained a significant value of 0.00 or < 
0.05 which means there is a significant difference 
in the average critical thinking skills of 
experimental class students by applying a 
dynamic problem solving strategy compared to 
the control class without applying a dynamic 
problem solving strategy. Based on the results of 
descriptive and inferential analysis of the 
effectiveness of students 'critical thinking skills, it 
can be stated that there is a significant influence 
on the learning strategy of dynamic problem 
solving on students' critical thinking skills. 
 

4. DISCUSSIONS 
 

4.1 Dynamic Problem Solving Strategies 
 
Problem solving strategies are very important to 
use to increase awareness and creativity of 
learners which includes the stages of defining 
(defining), investigating (investigating), reviewing 
(reviewing), and retrieval of information through a 
given problem (processing information 
concerning the problem) [25,26]. The learning 
objectives associated with physics problem-
solving have many facets. The primary goal is to 
train students to consistently connect various 
ideas and concepts, apply their understanding in 
various situations they encounter, and train 
learners in problem-solving [27].  
 
It can be concluded that, the general purpose of 
the problem-solving process is to train learners ' 
ability to: 1) Connect variations of ideas and 
concepts integrated by self-consistency; 2) Apply 
understanding in various situations that will 
come; 3) train educators in solving problems 
simply. Results of research on problem-solving 
strategies that have been developed by a 
mathematician [20] refers to four stages: 1) 
understanding the problem; 2) devising a plan; 3) 
carrying out the plan; 4) looking back. Rojas [28] 
in his paper entitled On the Teaching and 
Learning of Physics Problem-Solving explicitly 
divides the stages of the problem-solving 
strategy as a dynamic process, so it is known as 
Dynamic Problem Solving Strategies. A strategy 
that can improve both the teaching and the 
learning of physics through dynamic problem-
solving strategies. It can be concluded that the 
dynamic problem solving strategy is one of the 
strategies used to guide learners ' thinking power 

in solving physics problems consisting of six 
stages, namely 1) understanding of the problem; 
2) proving the qualitative description of the 
problem; 3) Planning Solutions; 4) execution of 
the problem according to plan; 5) verification of 
consistency and coherence of the equations 
used; 6) checking and evaluating the solutions 
that have been obtained. From the explanation 
above, it is known that the 6 stages of problem-
solving strategies indicate that there is a linkage 
between the stages (unified), a systematic step 
towards a solution approach to physics problems 
that focuses on both aspects, both qualitative 
reasoning (stages 1-3) and quantitative (stages 
4-5) (qualitative and quantitative reasoning) [28]. 
The above step is certainly a simplification of a 
complex and dynamic process. The above 
framework is also designed so that learners can 
become experts (adaptive experts) in problem 
solving by using conceptual knowledge before 
applying mathematical equations.  
 
The development of cognitive abilities is related 
to complex and dynamic mental processes 
through the mechanism of recalling learned 
material When learners have been at the 
cognitive level, it is necessary to develop the 
power of reason to work on the problems. The 
problem-solving process belongs to the cognitive 
development phase of learners. The more often 
learners work on the problems dynamically, it will 
form the mindset and memory of the memory of 
physics concepts stored in the long term [29]. 
Thus, introducing this strategy to universities and 
high schools provides an opportunity to 
encourage and strengthen argumentative 
thinking and reasoning skills. The process of 
solving scientific problems requires creative 
thought, the use of available resources (books, 
computers, articles, etc.) and personal interaction 
with peers and colleagues [28]. 
 
For the purpose of developing dynamic problem 
solving strategies, researchers adapted a 
scientific approach in learning abar 21.  Learning 
that applies a scientific approach is a learning 
process that is designed in such a way that 
students actively construct concepts, laws, or 
principles through a series of stages of activity. 
These stages include observing, formulating 
problems, compiling or formulating hypotheses, 
collecting data with various techniques, analyzing 
data, drawing conclusions, and communicating 
concepts, laws, or principles found [30]. The 
application of scientific approach in this learning 
focuses on the active role of students in building 
their knowledge through a series of scientific 
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activities. The steps of the scientific approach are 
implemented starting from the preliminary stage, 
core activities, to the conclusion. 
 
The preliminary stage aims to strengthen 
students ' understanding of the purpose and 
importance of the material to be taught, thus 
encouraging the formation of high curiosity. This 
curiosity is considered as the main capital in the 
next stage of learning, namely the core activities. 
Core activities, as a learning experience for 
learners, is the most widely used time to carry 
out learning with a scientific approach. In 
learning planning (RPP), educators design 
systematic learning activities in accordance with 
scientific steps. Learners are directed to 
construct concepts, knowledge, understanding, 
and skills with the help of educators through the 
activities of observing, asking, reasoning, trying, 
and communicating. Although these steps do not 
have to be implemented sequentially, they can 
be adapted to the context of the knowledge to be 
learned [31]. 
 

1. Observing is the activity of recognizing an 
object by using the senses of sight, smell, 
hearing, taste, and touch. This can be 
done with or without aids, such as reading, 
listening, or using other senses, so that 
students can identify certain problems. 

2. Asking is the act of expressing a question 
about something that one wants to know, 
whether it is related to a certain object, 
event or process. Questions can be asked 
orally or in writing, either in the form of 
direct questions or hypotheses, helping 
students in formulating problems and 
hypotheses. These questions should focus 
on "why" and "how," encouraging answers 
through experimentation. 

3. Collecting data is the activity of seeking 
information as material to be analyzed and 
concluded. This can be done through 
reading books, conducting field 
observations, trials, interviews, distributing 
questionnaires, and other methods. The 
goal is for students to be able to test 
hypotheses that have been made before. 

4. Associating includes data processing 
through physical and mental activity with 
the help of certain tools. This process 
involves classifying, sorting, counting, 
dividing, and arranging data in a more 
informative format. Forms of data 
processing include tables, graphs, charts, 
concept maps, calculations, and modeling. 
Students then analyze the data to compare 

or determine relationships with existing 
theories, so that they can conclude. 

5. Communicating is the action of students in 
describing and conveying the findings of 
the activities of observing, asking, 
collecting and processing data, and 
associating. Communication can be oral or 
written, using diagrams, charts, drawings 
or other formats, with the help of simple 
technologies or information and 
communication technologies. 

 
The steps in the scientific approach can be done 
in an orderly sequence or not, especially in the 
initial steps, namely the first and second steps. 
However, it is recommended that the next steps, 
especially starting from the third step, be carried 
out sequentially. The application of these 
scientific steps aims to provide flexibility to 
learners in building learning independence and 
optimizing the potential of intelligence. In this 
learning process, students are invited to 
construct their own knowledge, understanding, 
and skills from the learning activities carried out. 
Meanwhile, the role of educators is to provide 
guidance, direction, and reinforcement related to 
the material learned by learners. The application 
of dynamic problem solving learning strategies 
with a scientific approach aims to produce 
output, namely students, who have good critical 
thinking skills. This approach is geared towards 
training students' critical thinking skills, enabling 
them to become independent learners, and 
stimulating the development of their intelligence 
potential through in-depth understanding of 
concepts. 
The scientific approach is a method of approach 
to learning that involves observation, 
experimentation, data collection, data analysis, 
conclusion making, and communicating. It 
encourages students to develop a deep 
understanding of concepts and processes. The 
scientific approach supports the dynamic 
problem solving strategy by encouraging 
students to understand the problem in depth, 
collect data, and apply their knowledge to find 
solutions. A structured scientific process can be 
the foundation for effective problem solving. The 
scientific approach encourages the development 
of critical thinking skills by asking students to 
design experiments, analyze data, and evaluate 
conclusions. This process builds students' ability 
to question information, make inferences, and 
develop logical reasoning. Thus, it can be stated 
that the scientific approach is the right learning 
approach to implement dynamic problem solving 
strategies. 
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Dynamic problem solving strategy involves a 
flexible and adaptive approach to problem 
solving. This includes the ability to understand 
the problem, proving the qualitative description of 
the problem, planning solutions, executing 
solutions according to plan, verifying the 
consistency and coherence of data analysis, and 
checking the evaluation of solutions 
continuously. The dynamic problem solving 
strategy is integrated with the scientific approach 
through the use of experimental methods to 
collect evidence in overcoming problems. This 
process creates a learning environment that 
allows students to develop dynamic problem-
solving skills. Based on the results of Needs 
Analysis and strategy design results, it found the 
novelty of the dynamic problem solving strategy 
compared to the general problem solving 
strategies and dynamic problem solving that has 
been seen in Table 4 as follows. 
 

4.2 Critical Thinking Skills 
 

According to Kamus Besar Bahasa Indonesia 
(KBBI), thinking is using reason to consider and 
decide something. Thinking can also be 
interpreted as weighing in memory. While the 
word critical can mean not easily believe, always 
trying to find mistakes or errors, as well as sharp 
in analyzing. Kusnawa in Rifqiyana et al. [32] 
argues that "critical thinking “in the United States 
is often considered a synonym of ”thinking skills". 
There are several key words in understanding 
critical thinking and its relation to curriculum and 
teaching and learning. First, the nature of the 
definition of critical thinking and how it relates to 
what can be categorized as psychological and 
philosophical perspectives. Second, several 
different philosophical differences were identified, 
which relate to the nature of thinking and thinking 
skills and need to be expanded upon, 
considering their implications for learning. Third 

is the issue of assessment and critical thinking 
with regard to teaching and curriculum. Critical 
thinking explains goals, examines assumptions, 
values values, hidden thoughts, evaluates 
evidence, completes actions, and assesses 
conclusions. 
 

Ennis [33] critical thinking is defined as 
“reasonable, reflective thinking that is focused on 
deciding what to believe or do”. According to this 
definition, critical thinking emphasizes 
reasonable and reflective thinking. This sensible 
and reflective thinking is used to make decisions. 
Ennis emphasizes principles and critical 
reasoning skills that are subject-neutral, i.e. 
logical principles that are not only applicable to a 
particular discipline but can be applied 
universally. Recognition of certain minimum 
competencies in a discipline is important to be 
able to apply critical thinking skills to that 
discipline. The process of critical thinking is 
deductive, which includes the application of 
critical thinking principles and skills to specific 
disciplines. 
 

Basen on Ennis [33] there are 12 indicators of 
critical thinking ability which are summarized in 5 
stages as follows. 
 

1. Basic clarification. This stage is divided 
into three indicators, namely formulating 
questions, analyzing arguments, and 
asking and answering questions. 

2. The reasons for a decision (the bases for 
the decision). This stage is divided into two 
indicators, namely assessing the credibility 
of information sources and observing and 
assessing observation reports.  

3. Inference. This stage consists of three 
indicators making deduction and assessing 
deduction, making induction and assessing 
induction, and evaluating.  

 

Table 4. Dynamic problem solving strategy 
 

Problem Solving 
according to John 
Dewey 

Problem Solving 
according to Polya 

Dynamic Problem Solving 
according to Rojas 

Dynamic Problem 
Solving in this 
reseacrh 

Formulate the problem! 
Exploring the problem 
Formulate hypotheses 
Collecting and classifying 
data as hypothesis-
proving material 
Proof of hypothesis 
Deciding on a solution 

Understanding the 
problem 
Develop a plan 
Implementing the 
plan 
Test the answers 

Understand The Problem 
Provide a qualitative 
description of the problem 
Planning solutions 
Implementing the plan 
Verify the internal consistency 
and cohesion of the equations 
used 
Examine and evaluate the 
solutions obtained 

Focus On The 
Problem 
Problem Analysis 
Plan and action 
Evaluation 
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4. Further clarification. This stage is divided 
into two indicators, namely defining and 
assessing definitions and identifying 
assumptions.  

5. Assumption and integration. This stage is 
divided into two indicators suspect, and 
combines.  

 
On the other hand, Facione [16] stated that there 
are six major critical thinking skills involved in the 
critical thinking process. These skills are 
interpretation, analysis, evaluation, inference, 
explanation and self-regulation. Interpretation is 
understanding and expressing the meaning or 
significance of various experiences, situations, 
data, events, judgments, customs, beliefs, rules, 
procedures or criteria.  
 

1. Analysis is the identification of intended 
and actual inferential relationships 
between statements, questions, concepts, 
descriptions.  

2. Evaluation is to assess the credibility of 
statements or representations that are 
reports or descriptions of perceptions, 
experiences, judgments, opinions and to 
assess the logical strength of inferential or 
intended relationships between 
statements, descriptions, questions or 
other forms of representation.  

3. Inference-identifying and obtaining 
plausible elements, making conjectures 
and hypotheses, and inferring 
consequential consequences from data.  

4. Explanation is able to state the results of 
one's explanation, present one's reasoning 
in the form of strong arguments.  

5. Self-regulation means self-consciously 
monitoring one's cognitive activities, the 
elements used in those activities and the 
results obtained, especially by applying 
skills in analysis and evaluation to one's 
own inferential judgment research with a 
view to questioning, confirming, validating 
or correcting either one's reasoning or its 
results.   

 
Critical thinking is a process that relies on, and 
develops, a variety of skills and personal 
qualities. Like other forms of activity, it improves 
with practice and with the right sense of what it 
entails. Critical thinking involves developing a 
variety of additional skills such as observation, 
reasoning, decision making, analysis, judgment, 
and trust [34].  
 

The overall description of the background of the 
problems in this study and based on the results 
of theoretical studies or preliminary studies 
further formulated a framework for determining 
the solution to be applied in solving the 
formulation of the problem. Critical thinking skills 
involve the ability to organize and analyze 
information critically and logically. It includes the 
ability to focus questions, analyze arguments, 
consider the veracity of sources, create and 
analyze hypotheses, determine actions, solve 
problems and take decisions, tendency and 
uncertainty analysis, and make conclusions. 
Critical thinking skills can be strengthened 
through the application of a scientific approach, 
where students are invited to ask questions, 
analyze data, and draw conclusions based on 
evidence. Critical thinking skills are important in 
dynamic problem solving strategies because they 
enable students to evaluate the effectiveness of 
proposed solutions, adjust their strategies, and 
make informed decisions. Thus, critical thinking 
skills become crucial in dealing with dynamic 
problems because they allow adaptation to 
change and uncertainty. In complex situations, 
these skills allow deep analysis, careful decision-
making, and stimulate creativity. Critical thinking 
also improves problem-solving independence 
and effective communication skills. With its 
critical role, critical thinking skills help individuals 
and organizations adapt and thrive in a dynamic 
environment. 
 
Based on the results of Needs Analysis and 
dynamic problem solving strategy design to 
improve critical thinking skills, it was found 
indicators of critical thinking skills of physics 
students who became the focus of improvement 
compared to critical thinking skills in general or 
existing can be seen in Table 5 as follows. 
 
By integrating these three concepts in learning, 
students can develop a deeper understanding, 
strong critical thinking skills, and dynamic 
problem-solving abilities. A holistic approach to 
learning ensures that students not only 
understand the facts, but can also apply their 
knowledge in real-world situations. 
 
Thus, a new dynamic problem-solving learning 
strategy was developed to enhance students' 
critical thinking skills through scientific 
approaches and experimental methods. The form 
of the strategy in question is presented as in 
Table 6. 
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Table 5. Critical thinking skills indocator 
 

According to  
Facione 

According to  
Ennis 

According to Tiruneh In this research 

Interpretation 
Analysis 
Evaluation 
Inference 
Explanation 
self-regulation 
 

Basic clarification  
Provide reasons for 
a decision  
Conclude  
Further clarification  
Conjecture and 
integrability 

Consider  
Creating and testing 
hypotheses  
Analyze arguments  
Trend and uncertainty 
analysis  
Solve problems and 
make decisions 

Focusing questions 
Analyze arguments 
Consider the veracity of the 
source 
Create and analyze hypotheses 
Determine the action 
Solve problems and make 
decisions  
Trend and uncertainty analysis 
Draw conclusions. 

 
Table 6. Dynamic problem solving strategies & critical thinking skills with scientific approach 

 

Scientific Approach Dynamic problem 
solving strategy 

Critical thinking skills indicator 

Observing Focusing problem Focusing questions 
Analyzing arguments 

Questioning Analysing the 
problem 

Consider the veracity of the source 
Create and analyze hypotheses 

Collecting data and experimenting Plan and action Determining action 
Solve problems and make decisions  

Analyzing data communicate Evaluation Trend and uncertainty analysis 
 Draw conclusions 

 
The results of the effectiveness of dynamic 
problem solving learning strategies in physics 
students showed a fairly effective improvement in 
every aspect of each meeting. This is influenced 
by the stages of the strategy itself and the 
characteristics of the student. 
 
Some potential positive results in the 
implementation of learning strategies dynamic 
problem solving: 
 

1. Improving students ' ability to understand 
and describe problems qualitatively. 

2. Improving students ' ability to formulate 
and solve complex physics problems. 

3. Developing collaboration skills, because 
often students work in groups to solve 
problems together. 

4. Improved ability to formulate solution plans 
and resolve solutions. 

5. Improving students ' ability in data 
verification and evaluation of implemented 
solutions. 

6. Improvinf critical thinking skills at each 
stage of learning strategies dynamic 
problem solving. 

 
The results of the positive effectiveness of the 
application of dynamic problem solving strategies 

are in line with the results of research Caliskan, 
et al. (2010) that learning with problem solving 
strategies have a positive impact on student 
problem solving performance.  
 
However, the results of the effectiveness of the 
above can also be influenced by how well this 
strategy is taught and applied by lecturers, as 
well as how involved and committed students are 
in following learning using the strategy. This is in 
line with Bolton's (1997) statement that if there is 
an increase in problem-solving skills in students, 
it will have implications for the creation of a real 
contribution to the environment in physics 
learning. In addition, the results of research 
Jhonson (2010) states that the characteristics of 
students who have weaknesses in understanding 
the problem and mathematical skills, it will be an 
obstacle in solving a problem. So that regular 
evaluation and intensive feedback from students 
can help improve the effectiveness of the 
application of dynamic problem solving learning 
strategies. 
 
Critical thinking skills are one of the very 
important skills developed by students in higher 
education, especially physics students. Physics 
students are clearly required to be able to 
understand complex physical concepts and be 
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able to implement them in real-world situations. 
Dynamic problem-solving learning strategy is an 
approach designed to develop students ' critical 
thinking skills through solving dynamic and 
complex problems.  
 
To understand the concept of applying dynamic 
problem-solving learning strategies, it is 
important to first understand what critical thinking 
is and how it relates to physics. Critical thinking 
is the ability to actively analyze, interpret, and 
evaluate information to make informed decisions. 
In the context of physics, critical thinking involves 
a deep understanding of physical concepts, the 
ability to identify problems, and the ability to 
develop appropriate solutions. This is in line with 
the results of Sale's (2011) research that 
dynamic simulations can be an effective learning 
tool for developing various types of critical 
thinking skills.  
 
One form of dynamic simulation is a form of 
experiment designed by students themselves, so 
students tend to practice developing various 
types of critical thinking skills to formulate a form 
of expression. In line with the results of the 
research of Dakabesi, et al (2019) that learners 
who are taught using Problem-Based Learning 
have better critical thinking skills than learners 
who are taught by conventional methods. 
 
Dynamic problem-solving learning strategy is an 
approach that aims to develop critical thinking 
skills by presenting challenging and dynamic 
problems to students. In this strategy, students 
are not only taught theoretical physics, but also 
invited to apply it in situations similar to the real 
world. Basically, students must learn how to think 
critically through solving real physics problems. 
According to Rojas [28], a well-structured 
problem-solving strategy taught as a dynamic 
process offers an enabling way for students to 
learn physics quantitatively and conceptually, 
while helping students achieve a highly skilled 
level of innovation and efficiency in the process 
of teaching and learning physics effectively. 
 
The application of dynamic problem-solving 
strategy in physics learning through this research 
has several significant benefits. First, this 
strategy can help students develop a deeper 
understanding of physics concepts because they 
must apply that knowledge in a real context. It 
also improves students' problem solving skills, 
which is a very important skill in Physics for 
everyday life. Second, this strategy allows 
students to develop critical thinking skills.  

Facing complex and dynamic problems, students 
must identify relevant information, formulate a 
solution plan, and test their proposed solutions. It 
helps students become more critical and 
analytical thinkers. As Yazidi (2023) states that 
developing critical thinking skills can lead to 
better decision making in various aspects of life. 
Critical thinking allows individuals to make 
informed decisions based on sound thinking and 
strong evidence. It also helps individuals identify 
and evaluate different options before deciding, 
which ultimately results in better results. 
 
Although the dynamic problem-solving learning 
strategy has many benefits, there are also some 
challenges and obstacles that have been 
overcome through this study. One is that 
dynamic problem solving takes longer than 
traditional teaching methods. This is a challenge 
for lecturers who must cover more material in the 
curriculum. In line with the statement Rojas [21] 
that there are 3 (three) main problems in learning 
physics, namely: 
 

1. The demands of physics lecturers for 
effective teaching strategies that can 
explain how much time should be spent 
teaching intuitive conceptual 
understanding and how much time should 
be spent developing students ' quantitative 
reasoning, as well as how to teach these 
two aspects holistically; 

2. students' need for appropriate textbooks 
and worksheets will help them develop 
physics skills, which are essential to 
enhance their knowledge of conceptual 
physics; and 

3. Deficiencies in physics learning that result 
in students not being taught consistent 
physics problem solving strategies that 
would allow them to engage in 
mathematical and conceptual reasoning 
alone. 

4. These three things have been overcome 
effectively by applying dynamic problem 
solving learning strategies.  

 
In addition, there are also students who feel 
frustrated when facing difficult problems. This is 
overcome by attaching the principle of reaction to 
a lecturer to provide adequate support and 
motivate students. The application of dynamic 
problem-solving learning strategies in physics 
learning is an effective approach to develop 
students ' critical thinking skills. It helps them not 
only understand physics concepts, but also 
master very important problem-solving skills. 
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Although there are challenges that need to be 
overcome, the benefits are much greater. Thus, 
this approach can be an integral part of effective 
physics education. In this discussion, we have 
seen how the application of dynamic problem-
solving learning strategies can contribute to the 
development of critical thinking skills of physics 
students. By understanding the basic concepts, 
research results, benefits, and implementation, it 
can be concluded that the dynamic problem-
solving strategy is effective to improve the critical 
thinking skills of physics students. While there 
are still challenges to overcome, with the right 
support and commitment, this strategy becomes 
an effective tool for creating physics students 
who have a deep understanding of the material 
and strong critical thinking skills. 
 

5. CONCLUSION 
 
The conclusion of the research obtained on the 
development of dynamic problem solving 
learning strategies to improve critical thinking 
skills is that there is an influence of dynamic 
problem solving learning strategies on the 
thinking skills of students in the Department of 
Physics, Faculty of Mathematics and Natural 
Sciences, Makassar State University. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Burden PR, Byrd DM. Methods for 

effective teaching. Boston MA; 2003. 
2. Borich GD. Effective Teaching Methods 

6th Edition Chapter 11: Cooperative 
Learning and the Collaborative Process; 
2007. 

3. Khaeruddin. Model Pembelajaran Fisika 
berbasis Keterampilan Proses Sains untuk 
Meningkatkan Keterampilan Berpikir Kritis 
Siswa SMA. Universitas Negeri Surabaya; 
2017. 

4. Karamustafaoğlu S. Improving the science 
process skills ability of prospective science 
teachers using I diagrams. Eurasian J. 
Phys. Chem. Educ. 2011;3:26–38. 

5. Hassard J. The art of teaching science: 
Inquiry and innovation in Middle School 
and High School. Oxford University Press, 
New York; 2005. 

6. WEFUSA. New Vision for Education; 2015. 

7. Hager P, Kaye M. Critical Thinking in 
Teacher Education: A Process-Oriented 
Research Agenda. Aust. J. Teach. Educ. 
1992;17.  
Available:https://doi.org/10.14221/ajte.199
2v17n2.4 

8. Ennis RH. Critical thinking assessment. 
Theory Pract. 1993;32:179–186.  
Available:https://doi.org/10.1080/00405849
309543594 

9. Beyer BK. What Philosophy Offers to the 
Teaching of Thinking. Educ. Leadersh. 
1990;55–60. 

10. Kuhn D. A Developmental Model of Critical 
Thinking. Educ. Res. 1999;28:16.  
Available:https://doi.org/10.2307/1177186 

11. Brown CP. Pivoting a Prekindergarten 
Program Off the Child or the Standard? A 
Case Study of Integrating the Practices of 
Early Childhood Education into Elementary 
School. Elem. Sch. J. 2009;110:202–227.  
Available:https://doi.org/10.1086/605770 

12. Young RE. Testing for critical thinking: 
Issues and resources. New Dir. Teach. 
Learn. 1980;1980:77–89. 

13. Terenzini PT, Springer L, Pascarella ET, 
Nora A. Influences affecting the 
development of students' critical thinking 
skills. Research in higher education. 1995 
Feb;36(1):23-39. 

14. McKeachie WJ. Research on college 
teaching: A review. Washington, D.C.: 
ERIC Clearinghouse on Higher Education. 
(ERIC Document Reproduction Service 
No. ED 043 789); 1970. 

15. Scott JN, Markert J, RM, Dunn M. Critical 
Thinking: Change During Medical School 
and Relationship to  Performance in 
Clinical Clerkships. Med. Educ. 
1998;32:14–18. 

16. Facione PA. Critical thinking: What it is and 
why it counts; 1998.  
Retrieved June 9, 2004. 

17. Paul R, Elder L. Critical thinking: tools for 
taking charge of your professional and 
personal life. Financial Times/Prentice 
Hall, Upper Saddle River, NJ; 2002. 

18. ten Dam G, Volman M. Critical thinking as 
a citizenship competence: teaching 
strategies. Learn. Instr. 2004;14:359–379.  
Available:https://doi.org/10.1016/j.learninst
ruc.2004.01.005 

19. Solso RL, MacLin OH, MacLin MK. 
Cognitive psychology, 8. ed. ed. 
Pearson/Allyn and Bacon, Boston, Mass; 
2008. 



 
 
 
 

Haris et al.; Asian J. Educ. Soc. Stud., vol. 50, no. 6, pp. 418-432, 2024; Article no.AJESS.117654 
 
 

 
432 

 

20. Polya G. How to solve it: A new aspect of 
mathematical method, Princeton science 
library. Princeton University Press, 
Princeton, NJ; 2014. 

21. Rojas S. On the teaching and learning of 
physics problem solving. Rev. Mex. 
FI´SICA. 2010;56:22–28. 

22. Setyosari P. Metode Penelitian & 
Pengembangan. Jakarta: Kencana;               
2013. 

23. Martawijaya MA. Model Pembelajaran 
Fisika Berbasis Kearifan Lokal untuk 
Meningkatkan Karakter dan Ketuntasan 
Belajar pada Peserta Didik SMP Barrang 
Lompo. Disertasi. Program Pascasarjana. 
Universitas Negeri Makassar; 2014. 

24. Arikunto S. Dasar-dasar Evaluasi 
Pendidikan. Jakarta: PT. Bumi Aksara; 
2009. 

25. Gok T. The general assessment of 
problem solving processes in physics 
education. Eurasian J. Phys. Chem. Educ. 
2010;2:110–122. 

26. Selcuk GS, Caliskan S, Erol M. The Effects 
of Gender and Grade Levels on Turkish 
Physics Teacher Candidates’ Problem 
Solving Strategies. J. Turk. Sci. Educ. 
2007;4:92–100. 

27. Hegde B, Meera BN. How do they solve it? 
An insight into the learner’s approach to 
the mechanism of physics problem solving. 
Phys. Rev. Spec. Top. - Phys. Educ. Res. 
2012;8.  

Available:https://doi.org/10.1103/PhysRev
STPER.8.010109 

28. Rojas S. Enhancing the process of 
teaching and learning physics via dynamic 
problem solving strategies: A proposal. 
Rev. Mex. Física E. 2012;58:7–17. 

29. Dostál J. Theory of Problem Solving. 
Procedia - Soc. Behav. Sci. 2015;174: 
2798–2805.  
Available:https://doi.org/10.1016/j.sbspro.2
015.01.970 

30. Daryanto. Pendekatan Pembelajaran 
Saintifik Kurikulum 2013. Yogyakarta: 
Gava Media; 2014. 

31. Prihadi B. Penerapan Langkah-langkah 
Pembelajaran dengan Pendekatan 
Saintifik dalam Kurikulum 2013. Makalah 
disampaikan pada In House Training 
Implementasi Kurikulum 2013 di SMPN 8 
Kota Pekalongan tanggal 23 – 24 Mei 
2014; 2014. 

32. Rifqiyana L, Masrukan M, Susilo BE. 
Analisis Kemampuan Berpikir Kritis Siswa 
Kelas VIII dengan Pembelajaran Model 4K 
Ditinjau dari Gaya Kognitif Siswa. Unnes J. 
Math. Educ. 2016;5. 

33. Ennis RH. The Nature of Critical Thinking: 
An Outline of Critical Thinking Dispositions 
and Abilities; 2011. 

34. Cottrell S. Critical thinking skills: effective 
analysis, argument and reflection, Third 
edition. ed, Palgrave study guides. 
Palgrave Macmillan, Basingstoke; 2017. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

  

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/117654 

https://www.sdiarticle5.com/review-history/117654

