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Abstract Differential equation is a concept that has a variety of solutions that require critical 

thinking ability. This study explores the Level of Critical Thinking Ability (LCTA) of students 

in solving differential equation problem. This study is a descriptive qualitative research. The 

participants of this study were two university students of department of mathematics education, 

Universitas Islam Malang, who are taking differential equations course. The instruments were 

critical thinking questions based on IDEAS (Identify, Deepen, Enumerate, Assess, and 

Scrutinize) criteria and interview guideline. The results of the study showed that the level of 

critical thinking of students in solving the problem of differential equation is inconsistent. In this 

case, the inconsistency of the critical thinking level is caused by the obstacles that the students 

experience when solving the differential equation problem. The student who have problems in 

solving differential equations will trigger to think critically. It is expected that  further research 

need to be carried out to examine the level of students’ critical thinking in other courses.  

1. Introduction 

In the era of globalization, information can be accessed in so many ways, especially in the education 

community. Easy access to the internet has made the information available on the Internet unstructured 

and disorganized [1]. This condition requires each individual to develop high-level thinking skills, one 

of which is the ability to think critically. The ability to think critically is one of the four key skills 

students must possess [2]. 

Based on the literature review, several studies on critical thinking in solving general mathematical 

problems [3], algebra [4], statistics [5], geometry [6] have been conducted. However, research on critical 

thinking on the problem of differential equation is still limited. In fact, differential equation is courses 

can be applied in various fields, such as physics, engineering, and economics. In this case, the 
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differential equation bridges the problem in the real world with abstract mathematics. Therefore, the 

ability to think critically in analyzing the problems is needed in this course. 

 A differential equation is any equation which contains derivatives, either ordinary derivatives or 

partial derivatives. A differential equation is called an ordinary differential equation, if it has ordinary 

derivatives in it. Likewise, a differential equation is called a partial differential equation, if it has partial 

derivatives in it [7]. There are many possible conditions in solving the problem of differential equations:  

first, not all differential equations will have solutions so it’s useful to know a head of time if there is a 

solution or not. Second, it is possible for a differential equation to have more than one solution. But, just 

because we know that a solution to differential equations exists does not mean that we will be able to 

find it. In fact, there is many ways to find a solution of differential equation. With regard to these 

conditions, critical thinking is needed in solving differential equations. The critical thinking is mental 

processing that organize and play a role in decision making process to resolve the problem [8]. 

Facione introduces five stages in critical thinking abbreviated as IDEAS (Identify, Deepen, 

Enumerate, Assess, and Scrutinize) [9]. Critical thinking process begins with identify the problem and 

set priorities. In the second steps, deepen understanding and gather relevant information. Next, critical 

thinking can do by enumerate options and anticipate consequences. Furthermore, assess the situation 

and make a preliminary decision. Finally, scrutinize the process and self-correct as needed to complete 

process of critical thinking.  

Rasiman performs leveling of critical thinking in solving mathematical problems based on IDEAS 

[10]. Some cognitive abilities are described in each of the critical thinking stages, that is: Abilities of 

interpreting (Identify); Analyzing (Deepen); Evaluating (Enumerate); Concluding and explaining what 

they are thinking about, and making decision (Assess); and Applying the power of critical thinking to 

himself and improving the competence of he made (Scrutinize). A student who is able to do cognitive 

abilities above then his critical thinking ability is far above a person who is only able to interpret, analyze 

and evaluation. Thus it can be said that there is a leveling of critical thinking ability of a person. The 

level of critical thinking abilities of each person is different and these differences can be viewed as a 

continuum that starts from the lowest to the highest degree.  

The levels of critical thinking by Rasiman are: students who are not critical (LCTA-0), students are 

less critical (LCTA-1), critical student (LCTA-2), and students are very critical (LCTA-3). This leveling 

is used to describe the students' critical thinking processes in this study. The purpose of this study are to 

describe the process of critical thinking in solving differential equations based on IDEAS and analyze to 

find whether the level of critical thinking process in students is consistent. 

 

2. Method 

This research was a qualitative research. The purpose of this research is to analyze the level of the 

students’ critical thinking in solving differential equation problem according to IDEAS (Identify, 

Deepen, Enumerate, Assess, and Scrutinize) criteria. Furthermore, this research analyse the level of 

critical thinking and make sure that the levels are consistent This study involved of two students who 

got the highest grade in the differential equation middle test in Differential Equation Course, Department 

of Mathematics Education, Universitas Islam Malang.  

 Data collection techniques and analysis are explained as follows. The critical thinking test is based 

on critical thinking indicators. The course was taught by a lecturer other than the researchers. The 

interview in this research was conducted in three forms: structured, semi-structured, and unstructured 

interviews. Triangulation was done as a data collection technique that combines from various data 

collection techniques and data sources that already exist. The purpose of triangulation in this study was 

not to seek the truth about some phenomena, but rather to increase understanding of what was found.  

 In order to assess critical thinking ability, two differential equation problems were used. 

Solve differential equations below: 

1. (𝑥 + 2𝑦)𝑑𝑥 + (𝑥 + 2𝑦)𝑑𝑦 = 0 

2. (𝑥 + 2𝑦 + 3)𝑑𝑥 + (2𝑥 + 3𝑦 + 4)𝑑𝑦 = 0 

Those problems were selected because differential equation can be solved in so many ways depending 

on its types. The first differential equation can be categorized into three types: non separated differential 

equation that can be reduced, not exact differential equation, and homogenous differential equation. 
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Therefore, the first problem can be solved in three ways. Meanwhile, the second differential equation 

problem can be categorized into two types: exact differential equation and non-homogenous differential 

equation. This last type can be solved in two ways. Thus, before solving differential equations, the 

students must identify the type of differential equation at first. Then, they should determine the most 

effective way to find the solution. 

 

3. Result and Discussion 

This research combined IDEAS strategy and the level of critical thinking by Rasiman to analyse whether 

critical thinking ability of two students are always consistent in the first problem and the second problem 

[9,10] 

  

Table 1. The level of critical thinking students 

Steps Characteristics 

Level of 

Critical 

Thinking 

Identifiy  

(Step 1) 

Identifying 

the problem 

and setting 

priorities and 

Deepen  

(Step 2) 

1. Understanding 

and 

gathering 

relevant 

information 

1. The students are less clear in identifying the facts in issue. 

2. The students are not precise and less clear in expressing the 

prerequisite knowledge (definition/ theorem/ data) that can 

be used in solving problems and in the end the students are 

not able to make plans based on knowledge preconditions 

problem solving. 

3. The students in solving problems based on concepts and 

ideas in the form of definitions, concepts, theorems, 

principles and procedures that are not clear, inaccurate, 

irrelevant and depth. Experiencing difficulty in 

implementing problem solving 

4. The students are vague and lacking in evaluating logical 

arguments used in solving the problem 

 

Non-

critical 

students 

(LCTA-0) 

 
 

Enumerate  

(Step 3) 

Selecting and 

anticipating 

consequences 

1. Students clearly identify the fact that there is a problem, 

well known facts or facts in question. 

2. Students are less precise and less clear in expressing the 

prerequisite knowledge (definition / theorem / data) to be 

used in solving the problem so that students are not exactly 

in a problem-solving plan based on prerequisite knowledge 

3. Students in resolving the problem has not been based on 

concepts and ideas in the form of definitions, concepts, 

theorems, principles. The procedure used to solve the 

problem too vague and imprecise. 

4. Students are vague and lacking in evaluating logical 

arguments used in examining the steps to solve the 

problem. 

 

Students 

are less 

critical 

(LCTA-1) 

Assess  

(Step 4) 

Assessing the 

situation and 

making a 

preliminary 

decision 

1. Students identify clearly the fact that there is the problem. 

It can be seen from the students' ability to formulate the 

basic problem with the information known to the problem 

2. Students precise and clear in expressing the prerequisite 

knowledge (definition / theorem / data) that can be used in 

solving the problem, so that ultimately the student is able to 

make a plan solving the problem based on the facts given, 

prerequisite knowledge, clear procedures. 

3. Students can solve the problem but it is less clear in each 

stage are implemented, yet deep in the provision of 

 

Critical 

students 

(LCTA-2) 
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argumentation steps undertaken and less profound in 

making modelling a given problem 

4. The student has not been able to distinguish between 

conclusions based on valid logic. 

Scrutinize 

(Step 5) 

Scrutinizing 

the process 

and self-

correcting as 

needed 

1. Students identify clearly the fact that there is the problem. 

It can be seen from the students' ability to formulate the 

basic problem with the known information in the problem 

and can provide a logical reason. 

2. Students precise and clear in expressing the prerequisite 

knowledge (definition / theorem / data) that can be used in 

solving the problem, and ultimately the students are able to 

make a plan solving the problem based on the facts given, 

prerequisite knowledge, clear procedures with stages 

logical 

3. Students in solving problems based on concepts and ideas 

in the form of definitions, concepts, theorems, principles 

and procedures that are clear, precise, relevant and insight 

full 

4. Students cannot distinguish between conclusions based on 

valid logic 

Students 

who are 

very 

critical 

(LCTA-3) 

 

3.1 Analysis of Subject 1 (S1) 

In the first problem, S1 identified the problem and found that the term was the same, that is (x +2y). So 

it can be simplified with multiplying by the integration factor 
𝟏

(𝒙+𝟐𝒚)
. In this case, S1 performed 

identification, deepen, enumeration, and assess simultaneously. Next, S1 performed scrutinize and 

found the writing error, the “+” replaced with “=”.  

 

 

Figure 1. The answer of S1 for the first problem 

 

The same thing also happens in the second problem. S1 identified that the equation was not 

homogeneous. Furthermore, she assumed that the solution was too long, so S1 modified the form of 

differential equation by doing the transformation and solved it. So, S1 is categorized into the level of 

very critical thinking in the first and second problems. 
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Figure 2. The answer of S1 for the second problem 

 

1.2 Analysis of Subject 2 (S2) 

First, S2 solved the first problem by identifying the differential equation and categorizing it as a 

homogeneous differential equation. In this case, S2 identified the form of differential equation and 

obtained the two same terms, that is (𝒙 + 𝟐𝒚) 
 

 
 

Figure 3. Identify step of S2 when solving the first problem 

 

Furthermore, S2 performed deepen to make sure that the differential equation is the homogeneous 

equation. In this case, S2 found no constraint when solving the second problem so as to solve the 

problem procedurally. 

 
 

Figure 4. Deepen step of S2 when solving first problem 

 

However, S2 could not solve this differential equation by homogeneous differential equation 

method, so she considered another method, that is transformation and solve it. So, we conclude that S2 

performed enumerate and assess simultaneously on that step. Finally, S2 performed scrutinize to make 

sure the solution was true. So, S2 can be categorized as very critical student (LCTA 3) in the first 

problem. 
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Figure 5. Transformation step of S2 when solving the first problem 
 

For the second question, S2 only performed identify and deepen. Furthermore, S2 solved the second 

problem of differential equation procedurally without considering other ways. In this case, S2 was only 

able to identify the fact given clearly. S2 identified that the equation was not homogeneous so he 

deepened understanding and gathered relevant information about it to solve this problem. Based on this 

fact, S2 can identified as not critical student (LCTA 0) when solving the second problem. 

 

4. Conclusion 

The level of critical thinking of the students in solving the problem of differential equation is 

inconsistent. This study found that S1 has a high critical thinking level (LCTA 3) in both problems. 

Meanwhile, S2 has a high level of critical thinking (LCTA 3) only in the first problem. S2 can be 

categorized into first level of critical thinking (LCTA 0) in the second problem. In this case, the 

inconsistency of the critical thinking level is caused by the obstacles that the students experience when 

solving the differential equation problem. Students who have problems in solving differential equations 

will trigger to think critically. This research implies further research to investigate the level of students’ 

critical thinking in other courses. 

 

5. Acknowledgments 

The authors would like to thank to the students of the department of mathematics education, Universitas 

Islam Malang who participated in this research and Atik Umamah for her helpful comments and 

suggestions on an earlier draft of this article. 
 

6. References 

[1] As’ari A R 2014 Perspektif Global tentang Kurikulum 2013 Secara Umum dan Pembelajaran  

 Matematika secara Khusus Makalah disampaikan dalam Seminar Internasonal ‘Curiculum 

2013 in Global Perspective’, Universitas Muhammadiyah Ponorogo, Sabtu 8 Maret 2014. 

[2]     Stein B, Haynes A, Redding M, Ennis T, and Cecil, M 2007 Assessing Critical Thinking In STEM 

and Beyond. In M. Iskander (ed.), Innovations in E-learning, Instruction Technology, 

Assessment, and Engineering Education, 79-82. 2007 Springer.  

[3]  Sutini, Sutawijaya A, Parta I N,  Susanto H  2017 Identification of Critical Thinking  

 Process in Solving Mathematic Problems IOSR Journal of Research & Method in Education 

IOSR-JRME 7 4: 05-10.  

[4] Zayadi M, Subaidi A 2017 Berpikir Kritis Mahasiswa dalam Memecahkan Masalah Aljabar. 

 Paedagoria Vol. 8, No. 2, September 2017, Hal. 10-15 

[5] Udi E A, Kuntze S, Berl B 2014 Critical Thinking As An Impact Factor on Statistical  

 Literacy-Theoretical Frameworks and Results From An Interview Study. ICOTS9 Invited 

Paper 

[6] A S Bayuningsih et al 2018 J. Phys.:Conf. Ser. 983 012143 

[7]  Jeffrey R C 2009 Introduction to Differential Equations The Hong Kong University of Science  

  and Technology  

[8]  Robert J Sternberg 1986 Critical Thinking: Its Nature, Measurement, and  Improvement 

 National Inst of Education Washington DC 

[9]  Facione P F 2011 Critical Thinking: What it is and Why it Counts. Millbrae, CA: Measured 

 Reasons and The California Academic Press 

[10]  Rasiman 2015 Leveling Of Critical Thinking Abilities Of Students Of Mathematics Education 

 In Mathematical Problem Solving IndoMS-JME Vol 6 40-52 

http://science.conference.upi.edu/proceeding/index.php/ICMScE/issue/view/3

