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 This study aims to find out the improvement of students’ mathematical critical 

thinking viewed from curiosity through teaching materials with Problem 

Based Learning model. This is quasi-experimental research. The samples are, 

where the overall population consists of 75 samples divided into two classes.  

This research employed a simple random sampling technique.  The 

instruments were the mathematical critical thinking skill test and curiosity 

questionnaire. The technique of data collection was carried out with test and 

non-test techniques. The data were analyzed through a two-way Anova test. 

Based on the analysis and interpretation of the research findings, it was found 

that: there was an improvement in students’ mathematical critical thinking skill 

from High curiosity by using teaching materials with Problem Based Learning 

model; 1) There was an improvement from  Average curiosity through learning 

with Integral Calculus teaching materials; 2) There was an improvement from 

Low curiosity; 3) There was no improvement from the level of curiosity (High,  

Medium,  Low) through Problem-based Learning. 4) There was no influence 

between the level of curiosity and learning in improving students’ 

mathematical critical thinking skills. Do more in-depth studies related to 

improving mathematical critical thinking skills by reviewing other affective 

aspects 
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1. INTRODUCTION 

Calculus is a course that nearly exists in every university, especially in Mathematics 

and Science majors. It is also one of the compulsory courses and skills for students majoring 

in Science, especially in Mathematics. They are expected to excel in this important subject. 

As a result, some researchers have carried out a research to evaluate and improve students’ 

ability in learning Calculus (Hartono & Noto, 2017; Lumbantoruan, 2017; Mutakin, 2013; 

Parma & Saparwadi, 2015; Ramdani, 2012; Romadiastri, 2013; Sopiany & Rikayanti, 2018; 

Usman et al., 2015). 

https://doi.org/10.22460/infinity.v10i1.p31-40
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Furthermore, the researcher has also conceived her own studies related to Calculus, 

namely: An Analysis of Students’ Mathematical Critical Thinking, connecting on Integral 

Calculus Problem Solving based on the students’ academic level, gender, cognitive style 

(Ariawan & Nufus, 2017; Zetriuslita et al., 2016a; 2016b). Practicality teaching material 

based on the problem based learning to improve mathematical critical thinking ability 

(Zetriuslita & Ariawan, 2016). 

Based on the previous studies, the researcher focused on mathematical critical 

thinking ability. Critical thinking ability is quite necessary in Calculus. Klurik and Rudnick 

(Zetriuslita et al., 2018) argued that critical thinking in mathematics involves testing, 

questioning, connecting, evaluating all aspects in any situations or problems. It doesn’t only 

demand knowledge and comprehension but also more than that. The given problem consists 

of analytical ability. Ennis (2011) stated that critical thinking is a summary of logical 

thinking (Logic) and reflective which emphasizes on decision making about what we believe 

or do. According to Johnson (2007), it’s a focused and clear process which is employed in 

mental activities such as problem solving, decision making, persuasion, assumption analysis, 

and conducting scientific research. In line with the statement, Ennis (2011) mentioned that 

the aspects of critical thinking are focus, reasons, inference, situation, clarity, and overview. 

From the statements above, it indicates that critical thinking can make and train 

someone to do math. Students don’t learn mathematical rules or formulas by heart but learn 

mathematics by action and active discovery. Consequently, critical thinking is very 

important to develop. In general, developing critical thinking or improving mathematics 

learning outcome can be achieved by using teaching materials or learning media (Bien et al., 

2019; Dewi, 2016; Guntur et al., 2017; Hikmawati et al., 2013; Melisa, 2014; Putra et al., 

2017; Saparwadi & Yuwono, 2019). 

Based on the researcher’s teaching experience, there was a problem related to the 

lack of determination and curiosity. It was seen from the students’ unwillingness to find out 

the answers to the given problems, especially in Calculus Integral subject. They didn’t try to 

ask the teacher about the problem they didn’t understand. This level of curiosity can affect 

the students’ activity in learning and also lead to their comprehension. Carin (1997) defined 

curiosity as one’s willingness and need to obtain answers from a question or things that spark 

curiosity. Curiosity can foster internal motivation for learning and understanding something, 

therefore it can be developed in the learning process (Ameliah & Munawaroh, 2016; 

Mardhiyana, 2017; Nurkamilah, 2017; Solehuzain & Dwidayanti, 2017). In accordance with 

the findings, the researcher did some studies in regards to students’ mathematical curiosity 

(Zetriuslita et al., 2017).  

From the review of related literature and identification of the problem above, 

students’ curiosity is a cognitive aspect that seeks attention and serious consideration. 

Subsequently, the researcher’s interest focuses on improving students’ mathematical critical 

thinking ability viewed from curiosity. The researcher applied teaching materials based on 

Problem Based learning. 

The researcher suggested the following hypotheses, such as: (1) There is a significant 

difference in terms of High Curiosity between students who use Calculus Integral teaching 

materials based on Problem-Based Learning model and those who follow conventional 

learning; (2) There is a significant difference in terms of Medium Curiosity between students 

who use Calculus Integral teaching materials based on Problem-Based Learning model and 

those who follow conventional learning; (3) There is a significant difference in terms of Low 

Curiosity between students who use Calculus Integral teaching materials based on Problem-

Based Learning model and those who follow conventional learning; (4) There is a significant 

difference in terms of Curiosity (High, Medium, Low) between students who used Calculus 

Integral teaching materials based on Problem- Based Learning model and those who follow 
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conventional learning; and (5) There is an interaction effect between level of curiosity and 

learning towards the improvement of mathematical critical thinking ability. 

 

2. METHOD 

This study is a quantitative research. Quantitative research is the process of using 

data in numerical form as a means to find out knowledge (Creswell & Creswell, 2017; 

Sugiyono, 2011). The type of research is quasi-experimental research with Pre-test and Post-

test Non-Equivalent Group Design described in Table 1. 

Table 1. Pre-test and post-test non-equivalent group design (Cohen et al., 2007) 

 Pre-test Treatment Posttest 

Experiment  O1  X O2 

Control  O1  - O2 

 

Description: 

O1 : Pretest of experiment classes and control classes 

O2  : Postest of experiment classes and control classes 

X  : Treatment using integral calculus-based teaching materials problem based learning 

 -  : Treatment with does not use teaching materials problem-based integral Calculus 

 

The samples of this research were the 2nd semester students of Mathematics 

Education FKIP UIR who took Integral Calculus subject. There were two classes. Saturated 

sampling was used because the samples were selected from the overall population by using 

simple random sampling technique. The lottery showed that 2A was chosen as the control 

class (conventional learning) and 2B as the experiment class (using Calculus Integral 

teaching materials with Problem-Based Learning model). This research was conducted in 

the even semester of Academic Year 2018/2019. 

The instruments of this research consisted of mathematical critical thinking ability 

worksheet and curiosity questionnaire. The data collection was carried out by using both 

instruments for test and non-test technique respectively. The test about critical thinking 

ability was given in the first and last meeting, while the questionnaire of curiosity was 

distributed in the first meeting only. The data obtained from the test and questionnaire was 

analyzed by using descriptive statistics and inferential statistics with SPSS version 22 

software. In order to determine the level of curiosity, the researcher used the following 

interval in Table 2. 

Table 2. Interval group level of curiosity (Zetriuslita et al., 2016b) 

Group Level of Curiosity Interval 

High 𝑥 ≥ �̅� + 𝜎 

Medium �̅� + 𝜎 < 𝑥 < �̅� + 𝜎 

Low 𝑥 ≤ �̅� − 𝜎 

 

Description: 

x = students’ curiosity score 

�̅� = mean score of students’ curiosity 

σ = Standard deviation of students’ curiosity score 
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Meanwhile, the improvement of mathematical ability intended is normalized gain 

obtained from the pre-test and post-test results, with the following formula by Meltzer 

(2002). 

𝑁𝐺𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑒𝑠𝑡 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡

𝐼𝑑𝑒𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡
 

In order to the test hypothesis of the research, t-test, one-way anova test and two-way 

anova test were used. 

 

3. RESULTS AND DISCUSSION 

3.1. Results 

The data analysis of improving mathematical critical thinking ability was obtained 

from N-Gain result. It was classified into the level of curiosity, starting from grouping the 

students based on their curiosity level. From the result of curiosity score, the data were 

obtained as follows: The data of improving mathematical critical thinking ability viewed 

from Curiosity is presented in Table 3. 

Table 3. Description of students’ total in terms of curiosity 

Level of Curiosity 
Learning 

PMBAKIPBL PTMBAKIPBL 

High 
5 

(13.16%) 

5 

(13.5%) 

Medium 
26 

(68.42%) 

27 

(72.97%) 

Low 
7 

(18.42%) 

5 

(13.51%) 

Total 
38 

(100%) 

37 

(100%) 

 

Description: 

PMBAKIPBL : Learning using integral calculus teaching materials based on problem-

based learning 

PTMBAKIPBL : Learning does not use integral calculus teaching materials based on 

problem-based learning 

 

Table 3 shown that in experimental class is better than control class. Students in the 

experimental class and the control class with Curiosity were not significantly different from 

the level of curiosity. This indicates that the curiosity of the experimental class and control 

class students is almost the same. Basically, if the curiosity is not much different, then the 

resulting mathematics learning outcomes should not be different either. However, with 

different treatment with the use of problem-based learning materials, the learning outcomes 

can be presented in the following table. By using SPSS Version22, the calculation of 

hypotheses 1, 2, and 3 are presented in the Table 4. 
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Table 4. The improvement of mathematical critical thinking 

Level of Curiosity Statistics (T-Test) Conclusion 

High Sig. (2-tailed) = 0.000 < 0,05 Hypothesis is accepted 

Medium Sig. (2-tailed) = 0.000 < 0.05 Hypothesis is accepted 

Low Sig. (2-tailed) = 0.000 ≤ 0.05 Hypothesis is accepted 

 

Table 4 show that on average the improvement of students’ mathematical critical 

thinking ability from high level of curiosity, medium and low who followed Problem Based 

learning is better than studentswho follow conventional learning. Then, hypothesis was 

tested by using one-way Anova test (Table 5). 

Table 5. One-ANOVA Test of improvement critical thinking based on curiosity 

 Sum of Squares Df Mean Square F Sig. 

Between Groups 0.003 2 0.002 

0.50 0.952 Within Groups 2.287 72 0.032 

Total 2.290 74  

 

From Table 5, it was obtained the Sig = 0,952 ≥ α, with α= 0,05. It means H0 is 

accepted and H1 is rejected. When H1 is rejected, the hypothesis “There is a significant 

difference of improving mathematical critical thinking ability between students from 

curiosity level who follow Problem Based learning and conventional learning” is rejected. 

In other words, there is no significant difference of improving the students’ critical thinking 

ability viewed from level of curiosity. 

Next, hypothesis 5 was tested by using two-way Anova test with the SPSS Version 

22 software. The result was obtained as follows in Table 6. 

Table 6. Two-Way ANOVA Test 

Source 
Type III Sum of 

Square 
Df 

Mean 

Square 
F Sig. 

Corrected Model 1.271a 5 0.254 17.204 0.000 

Intercept 9.226 1 9.226 624.620 0.000 

CURIOSITY 0.001 2 0.000 0.021 0.980 

KELAS 0.949 1 0.949 64.239 0.000 

CURIOSITY*KELAS 0.067 2 0.033 2.263 0.112 

Error 1.019 69 0.015   

Total 18.307 75    

Corrected Total 2.290 74    

 

Table 6 show that Sig. = 0.112 > 0.05, where hypothesis H1 is rejected, meaning there 

is no interaction effect between level of curiosity and learning towards the improvement of 

mathematical critical thinking ability. The curiosity has no significant effect on the 

improvement, it’s indicated with Sig. = 0.980 > 0.05 (Table 6), meanwhile the class or in 

this case learning has a significant effect on the improvement shown by Sig = 0.000 < 0.05. 
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3.2. Discussion 

The result of inferential statistics show that the improvement of mathematical critical 

thinking ability for the students who follow Problem based learning in Integral Calculus is 

higher than those who follow conventional learning. It means that the use of Integral calculus 

teaching materials with Problem Based learning is effective in improving students’ 

mathematical critical learning ability. This is in line with a research finding by Guntur et al. 

(2017) which stated that the effect between intensively, rarely, and never using comics 

towards students’ self- learning. Dewi (2016) said that the average rank of experimental 

group is higher than that of control group. In other words, students’ learning outcome in 

learning with Screencast-o-matic media is better than students who follow conventional 

learning. So this research reinforce the assumption that using screencast- o-matic is effective 

to increase students’ learning outcome in Integral Calculus subject. Hikmawati et al. (2013) 

stated that there was an influence of the use of instructional media and cognitive styles on 

mathematics learning outcomes of Grade VIII Madrasah Tsanawiyah students and there was 

no interaction between the use of instructional media and cognitive style on mathematics 

learning outcomes of Grade VIII Madrasah Tsanawiyah students. 

Bien et al. (2019) stated that the use of teaching calculus textbooks was effective in 

increasing the ability to understand student concepts. Farhan and Retnawati (2014) stated 

that PBL can make students more active when they are working on Worksheets based on 

PBL made by teachers. Gordah and Fadillah (2014) stated that increasing students' 

mathematical representation ability through the use of differential calculus teaching 

materials based on the open ended approach was classified as moderate, there was no 

difference in increasing students' mathematical representation ability in terms of gender 

(male and female); 3) there is a difference in the improvement of students 'mathematical 

representation ability in terms of the initial level of students' ability (upper, middle, and 

lower). 

Meanwhile, if viewed based on the level of curiosity, thenthere is no difference in 

the increase in mathematical critical thinking ability reviewed based on curiosity (high, 

medium, low) between students who learn by using integral calculus based on problem based 

learning with those not. Furthermore, there is also no interaction effect between learning and 

curiosity on the improvement of mathematical critical thinking ability. There are several 

analyzes that researchers can convey why there are no differences in enhancement and 

interaction, including: (1) the questionnaire researchers do before curiosity study or research 

is carried out, with the aim only to determine the condition of student curiosity. Even though 

if the questionnaire was given after they learned by using integral calculus based learning 

materials based on problem based learning, maybe their curiosity would be better; (2) The 

structure of teaching materials is designed to improve critical thinking ability, so that 

attention to students' curiosity lacks attention. The results of this study are in line with 

research conducted by Zetriuslita et al. (2017) which states that after being given treatment, 

mathematical curiosity of students does not/ experience a significant increase. This is due in 

the learning process, lecturers are not maximized in developing students' mathematical 

curiosity, and other factors are the lack of maximum learning tools for student worksheets 

or LKM. Furthermore Solehuzain and Dwidayati (2017) stated that there was a significant 

influence between curiosity on students' mathematical creative thinking abilities on the 

problem based learning model of learning with open-ended problems. The variable of 

curiosity affects the variable of mathematical creative thinking ability by 77.4% and the rest 

is influenced by other factors.  
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4. CONCLUSION 

The conclusion of this research are: (1) Improvement of mathematical critical 

thinking ability of students who learn to use integral calculus based problem based learning 

is better than improvement in mathematical critical thinking ability of students who learn 

not to use integral based learning calculus based on problem based learning both in terms of 

high, medium, high curiosity levels low; (2) There is no increase in mathematical critical 

thinking ability of students who learn to use integral based learning calculus based on 

problem based learning compared to the students who learn not to use integral based learning 

calculus based on problem based learning based on curiosity (high, medium, low ); (3) There 

is no effect of interaction between levels of curiosity and learning on improving students' 

mathematical critical thinking ability. 

There are a number of things that researchers can advise on the results of this study, 

namely: It is recommended that a more in-depth study is conducted related to improving 

mathematical critical thinking skills by reviewing other affective aspects, a study in the form 

of further development of calculus root material which is not only based on active learning 

models, but by using the help of mathematical software such as matlab, geogebra and others. 

Studies are more extended, not only focus on integral calculus, but focus on the study of 

calculus (differential calculus, and calculus of many variables or advanced calculus). Future 

studies must use a comprehensive research method in the form of a mix method, which 

combines data obtained qualitatively with data obtained quantitatively. 
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