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This study aims to determine whether there was differences effect in improving
student’s critical thinking skills (1) between students who get Problem-based
Learning, Mathematical Problem Posing, and conventional learning, and (2) based
on gender differences. This study used a quantitative method with the pre-test-post-
test two treatment design. Data were collected using instruments: test,
documentation, and observation. Data was taken from 124 undergraduate students
from the mathematics education study program at Universitas Negeri Semarang,
Indonesia. Data analysis was done by using the normalized gain and the Mann-
Whitney test. The results showed that in improving student’s critical thinking skills
(1) Problem-based Learning and Mathematical Problem Posing provide better
effect than conventional learning, (2) there was no significant difference in effect
between Problem-based Learning and Mathematical Problem Posing, and (3) there
was no significant difference in effect based on gender differences.
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INTRODUCTION

Critical thinking skills are the main skills in the framework of 21st-century skills along
with problem-solving skills, creativity, and innovation, as well as communication and
collaboration. Critical thinking ability as a high-level thinking ability is needed to solve
problems in mathematics and complex problems in the lives of multinational and
multicultural relationships. Future work requires at least 10 (ten) of the following skills:
complex problem solving, critical thinking, creative, community management,
coordination, emotional intelligence, making judgments and decisions, service-oriented,
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negotiating, and thinking flexibly (Gleason, 2018). Critical thinking is one of the main
keys in developing other skills, it is the result of a long learning process.

Critical thinking skills are part of high-order thinking skills (Trilling & Fadel, 2009;
FitzPatrick & Schulz, 2015) that requires thinking activities of analyzing, evaluating,
and making conclusions (Paul & Elder, 2014; Asyari et al., 2016; Widiawati et al.,
2018). Students in solving problems not only need to understand the materials but also
need to making an analysis or clarification of the data provided (clarification), giving an
evaluation or evaluate by giving reasons or examples (assessment), making conclusions
or inferences (inference), and making problem-solving strategies (strategies) (Perkins &
Murphy, 2006; Vong & Kaewurai, 2017; Susilo et al., 2019). The success of developing
critical thinking skills in learning mathematics is influenced by the choice of models,
approaches, and learning strategies used in developing students' critical thinking skills.
The ability to think critically has been attempted to develop with various forms of
models, approaches, learning strategies, including the Problem-based Learning (Sendag
& Ferhan Odabasi, 2009; Alrahlah, 2016; Gholami et al., 2016) and Mathematical
Problem Posing (Bonotto, 2013).

Problem-based learning is a learning model that provides real-world problems to
students to facilitate learning about critical thinking skills and problem-solving, and to
acquire important knowledge and concepts from the lecture material. Problems must be
given to students when Problem-based learning is implemented (Chen & Chang, 2014;
Alrahlah, 2016). Problem-based learning steps include: (1) students are given problems
by the teacher, (2) students hold discussions in small groups, (3) students conduct
studies independently relating to problems that must be solved, (4) students return to the
original group to exchange information, peer learning, and cooperate in solving
problems, (5) students present the solutions they find, and (6) students are assisted by
the teacher to do an evaluation related to all learning activities (Barrett et al., 2005;
Gorghiu et al., 2015; Alrahlah, 2016). Specifically, the problem-based learning process
in its theory supports the development of critical thinking skills based on applied
designs but requires a long term in developing students' critical thinking skills (Masek &
Yamin, 2011). Critical thinking skills can be developed through discussions
(Schoenberger-Orgad & Spiller, 2014), and presenting the problem that can be applied
using Problem-based Learning model (Schechter, 2011; Saputra et al., 2019).

Mathematical Problem Posing is a learning model that generates problems or new
mathematical questions or reformulates a problem or mathematical question from a
problem or mathematical question that has been given. Mathematical Problem Posing
steps include: (1) Choosing a starting point; (2) Listing attributes (registering
properties); (3) What-if-not-ing (the question "what if not?"); (4) Question asking or
problem posing, and (5) Analyzing the problem (analyzing the problem); after analyzing
it then they finish it (Brown & Walter, 2005). Mathematical Problem Posing can
encourage students' mathematical thinking (Silver, 2013) and provides an opportunity to
interpret and analyze a reality critically (Bonotto, 2013).

Problem posing activities provide many benefits to mathematical achievement, problem-
solving skills, the level of problems posed, and attitudes towards mathematics (Rosli et
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al., 2014). Asking students to analyze the problems they make in Mathematical Problem
Posing can facilitate students' critical thinking skills because they feel free to discuss the
validity of the problem, consider different assumptions, and decide whether the problem
has been resolved or not (Bonotto, 2013).

There are three types of problem posing, posing can occur before, during, or after the
solution of a problem (Silver, 1994) A problem can be modified in several ways,
including: (1) change the information or data on the previous problem, (2) add
information or data on the previous problem, (3) change the value of data, but still
preserve the condition or situation of the previous problem, (4) change the situation or
condition of the previous problem, but still preserve the data or information on the
previous problem (Suarsana et al., 2019).

In addition to paying attention to the model, approach, and learning strategies, other
factors that need to be considered in developing critical thinking skills are gender
factors. Differences in biological growth, such as in terms of gender, are important
factors in developing students' critical thinking skills (Ramdiah & Corebima, 2014).
Previous research results show that gender differences have a significant influence on
students' critical thinking (Ricket & Rudd, 2004; Azizmalayeri, et al., 2012). This is
evidenced by gender differences affecting the scores of respondents' critical thinking
(Ricketts & Rudd, 2004; Mahanal, 2012). But in other studies, it was shown that there
was no influence on respondents' thinking skills in terms of gender differences
(Thompson, et al., 2000; Cimer, et al., 2013). These different results are interesting
things to be studied together in this study.

Issues and Aims of the Research

Based on the introduction described above, the issues of this research were (1) whether
Problem Based Learning, Mathematical Posing Problems, and conventional learning,
have different effects in improving critical thinking skills, and (2) whether based on
gender differences have different effects in improving critical thinking skills. Based on
the issues, this research has the purpose to determine whether there were differences
effect on improving student’s critical thinking skills (1) between students who get
Problem-based Learning, Mathematical Problem Posing, and conventional learning, and
(2) based on gender differences.

METHOD
Research Design

This research was an experimental research with the pretest-post-test two treatment
design shown in Figure 1 (Cohen et al., 2007). The sample consisted of three groups,
two experimental groups, and one control group. The sample consisted of three groups,
two experimental groups, and one control group. Before treatment the three groups were
given a pretest (O), then the experimental group 1 was treated with the Problem-based
Learning (X1), the experimental group 2 was treated with the Mathematical Problem
Posing (X2), while the control group was with conventional learning. After being given
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treatment, all three groups were given a posttest (O), so that the improvement in critical
thinking skills of the three groups could be determined.

Expevimental | 0 X3 0
Experimental 2 O X, L0
Conirol (0] 0
Figure 1

The Pre- and Post-Test Two Treatment Design
Participants, Sampling, and Data Analysis

Participants in the research were first-year mathematics education study program
students at Universitas Negeri Semarang, Indonesia. The sample in this research were
124 undergraduate students, 42 students in experimental group 1, 39 students in
experimental group 2, and 43 students in the control group. The sampling technique was
purposive sampling while the data analysis was done by using the normalized gain and
Mann-Whitney test.

The measurement of increasing the achievement of critical thinking skills used the
normalized gain with categories in Table 1 (Hake, 1998).

Table 1

The Normalized Gain Categories
Gain Scores Gain Percentage Categories
0.7<x<1 70 <x <100 High-g
0.3<x<0.7 30<x<70 Medium-g
0<x<0.3 0<x<30 Low-g

Research Instruments

This research used instruments: test, documentation, and observation. The test is used as
pre-test and post-test to determine the achievement of students' critical thinking skills.
This test of mathematics critical thinking skills has been tested before, contains four
valid items and has a reliability of 0.702. Each item represents an indicator of critical
thinking skills. The indicators of critical thinking skills used were analyzing problems,
concluding and giving explanation, evaluating, and choosing problem-solving strategies.
The documentation used was video during lectures. Documentation and observation are
used to obtain an overview or description of the conditions of learning and students. The
description obtained is then developed exploratively.

FINDINGS

This research applied Problem-based Learning in experimental group 1, Mathematical
Problem Posing in experimental group 2, and conventional learning in the control group.
The research data were in the form of pretest and posttest scores were analyzed by using
the normalized gain and Mann-Whitney test.
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Table 2
The Results of Pretest and Posttest of Critical Thinking Skills
N Pretest Posttest
Min  Max Average Min Max Average
Problem-based Learning 42 10 65 31.07 275 100 66.67
Mathematical Problem Posing 39 5 85 29.81 20 100 63.65
Conventional Learning 43 5 60 29.83 225 825 55.23

Table 2 showed that pretest and posttest data are respectively as many as 124 students,
42 students in Problem-based Learning, 39 students in Mathematical Problem Posing,
and 43 students in Conventional Learning. The average pretest score in Problem-based
Learning is 31.07 while the average posttest score is 66.67. The average pretest score in
Mathematical Problem Posing is 29.81 while the average posttest score is 63.65. The
average pretest score in Conventional Learning is 29.83 while the average posttest score
is 55.23. The next pretest and posttest data were used to get the normalized gain scores.
The normalized gain scores are used as a percentage to find out the categories of
improving critical thinking skills.

Table 3
The Normalized Gain Percentage of Critical Thinking Skills Improvement
The Normalized Gain Percentage
Min Max Average  Average Category

Problem-based Learning 7.14 100 52.84 Medium
Mathematical Problem Posing 0 100 49.56 Medium
Conventional Learning 0 67.86 36.15 Medium

Table 3 showed that improvement in students' critical thinking skills is known by the
average of the normalized gain percentage. The improvement in the Problem-based
Learning group was 52.84 in the medium category. The improvement in the
Mathematical Problem Posing group was 49.56 in the medium category. The
improvement in the Conventional Learning group was 36.15 in the medium category.
The next step, to determine the differences in improvement in critical thinking skills
between students who got Problem-based Learning, Mathematical Problem Posing, and
conventional learning, is to test the difference in the average of the normalized gain
percentage. Testing this difference using Mann-Whitney test because there were
abnormal data as shown in Table 4.

Table 4
The Results of Tests of Normality

Group Shapiro-Wilk
Statistic df Sig.
Conventional Learning .980 43 .656
NGain Percentage  Problem-based Learning .930 42 .013
Mathematical Problem Posing 974 39 481

Table 4 showed that with the Shapiro-Wilk test, the data in the Problem-based Learning
group is not normal, indicated by obtaining Sig. 0.013 less than 0.05. The first stage of
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the average difference test is to test the difference in the average of the normalized gain
percentage between Problem-based Learning group and conventional learning group
using Mann Whitney test.

Table 5
The Results of Mann Whitney test between Problem-based Learning Group and
Conventional Learning Group

NGain Percentage
Mann-Whitney U 618.000
Asymp. Sig. (2-tailed) .012

Table 5 showed that with the Mann Whitney test, there was significant difference
improvement in critical thinking skills between students who got Problem-based
Learning and students who got conventional learning, indicated by obtaining Asymp.
Sig. (2-tailed) 0.012 less than 0.05. Because the average of the normalized gain
percentage of critical thinking skills improvement in Problem-based Learning (52.84)
more than in conventional learning (36.15), it can be concluded that the improvement in
critical thinking skills of students who got Problem-based Learning better than students
who got conventional learning. The second step is to test the average of the normalized
gain percentage difference between Mathematical Problem Posing group and
conventional learning group.

Table 6
The Results of Mann Whitney test between Mathematical Problem Posing Group and
Conventional Learning Group

NGain Percentage
Mann-Whitney U 595.000
Asymp. Sig. (2-tailed) .024

Table 6 showed that with the Mann Whitney test, there was significant difference
improvement in critical thinking skills between students who got Mathematical Problem
Posing and students who got conventional learning, indicated by obtaining Asymp. Sig.
(2-tailed) 0.024 less than 0.05. Because the average of the normalized gain percentage
of critical thinking skills improvement in Mathematical Problem Posing (49.56) more
than in conventional learning (36.15), it can be concluded that the improvement in
critical thinking skills of students who got Mathematical Problem Posing better than
students who got conventional learning. The third step is to test the difference in the
average of the normalized gain percentage between Problem-based Learning group and
Mathematical Problem Posing group.

Table 7
The Results of Mann Whitney test between Problem-based Learning Group and
Mathematical Problem Posing Group

NGain Percentage
Mann-Whitney U 763.000
Asymp. Sig. (2-tailed) .596
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Table 7 showed that with the Mann Whitney test, there was no significant difference
improvement in critical thinking skills between students who got Problem-based
Learning and students who got Mathematical Problem Posing, indicated by obtaining
Asymp. Sig. (2-tailed) 0.596 more than 0.05.

Table 8
The Results of Pretest and Posttest of Critical Thinking Skills based on Gender
N Pretest Posttest
Min Max Average Min Max Average
Male 23 5 60 30.33 20 100 60.11
Female 101 5 85 30.35 27.5 100 62.40

Table 8 showed that data of pretest and posttest of critical thinking skills based on
gender are respectively as many as 124 students, 23 male students, and 101 female
students. The average pretest score of male students is 30.33, while the average posttest
score is 60.11. The average pretest of female students is 30.35, while the average
posttest score is 62.40. The next pretest and posttest data were used to get the
normalized gain scores which will be used as a percentage to find out the categories of
improving critical thinking skills.

Table 9
The Normalized Gain Percentage of Critical Thinking Skills Improvement based on
Gender

The Normalized Gain Percentage

Min Max Average Average Category
Male 3.33 100 45.19 Medium
Female 0 100 46.21 Medium

Table 9 showed that the improvement in critical thinking skills of male students was
45.19 in the medium category. The improvement in critical thinking skills of female
students was 46.21 in the medium category. The next step, to determine the differences
in improvement in critical thinking skills between male and female students, is to test the
difference in the average of the normalized gain percentage. Testing this difference
using the Mann-Whitney test because there were abnormal data as shown in Table 10.

Table 10
The Results of Tests of Normality

Grou Shapiro-Wilk
P Statistic df Sig.
. Male 980 23 -899
NGain Percentage . -~ 960 101 .004

Table 10 showed that with the Shapiro-Wilk test, the data of female students is not
normal, indicated by obtaining Sig. 0.004 less than 0.05. The next stage of the average
difference test is to test the difference in the average of the normalized gain percentage
between male and female students using the Mann-Whitney test.
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Table 11

The Results of Mann Whitney test between Male and Female Students
NGain Percentage

Mann-Whitney U 1153.000

Asymp. Sig. (2-tailed) .956

Table 11 showed that with the Mann-Whitney test, there was no significant difference
improvement in critical thinking skills between male and female students, indicated by
obtaining Asymp. Sig. (2-tailed) 0.956 more than 0.05.

DISCUSSION

Critical thinking skills improvement in problem-based learning, mathematical
problem posing, and conventional learning

Based on Table 3, it can be seen that the improvement of critical thinking skills in
Problem-based Learning group, Mathematical Problem Posing group, and Conventional
Learning group in the medium category. Based on Table 3, it can be seen that the
normalized gain percentage of critical thinking skills improvement in Problem-based
Learning is 52.84 and in Conventional Learning is 36.15. Based on the results of the
Mann-Whitney test in Table 5, it is known there was a significant difference
improvement of critical thinking skills between students who got Problem-based
Learning and students who got conventional learning. Because the average 52.84 more
than 36.15, it can be concluded that the improvement in critical thinking skills of
students who got Problem-based Learning better than students who got conventional
learning.

Problem-based Learning provides more opportunities for students to be more active in
solving problems given, both individually and in small groups. Furthermore, as
Problem-based Learning syntax, in the learning process students are given facilities to
discuss, exchange knowledge, peer learning, work together in solving problems, and
present solutions they find (Barrett et al., 2005; Gorghiu et al., 2015; Alrahlah, 2016).
This has implications for students to always think of analyzing, evaluating, concluding,
and formulating strategies in solving problems, which are indicators of critical thinking
skills (Dwyer et al., 2014; Schoenberger-Orgad & Spiller, 2014; Samejima et al., 2015;
Fajrianthi et al., 2016; Susilo et al., 2018). The thinking process has a significant impact
on developing students' critical thinking skills (Sendag & Ferhan Odabasi, 2009;
Gholami et al., 2016). As a result, the improvement in the critical thinking skills of
students who got Problem-based Learning better than students who got conventional
learning. Based on these results it can be said that Problem-based Learning provides a
better effect than conventional learning in improving student’s critical thinking skills.

Based on Table 3, it can be seen that the normalized gain percentage of critical thinking
skills improvement in Mathematical Problem Posing is 49.56 and in Conventional
Learning is 36.15. Based on the results of the Mann-Whitney test in Table 6, it is known
there was significant difference improvement in critical thinking skills between students
who got Mathematical Problem Posing and students who got conventional learning.
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Because the average 49.56 more than 36.15, it can be concluded that the improvement
in critical thinking skills of students who got Mathematical Problem Posing better than
students who got conventional learning.

Mathematical Problem Posing indirectly forces students to understand problems through
the process of generating new problems. Formulation of the problem is the first step in
problem-solving, namely understanding the problem given (English, 1997). The process
of question asking or problem-posing begins with analyzing the problem given, then
students list attributes or registering properties of the problem. Then the students
evaluate it with "What-if-not-ing" or "What-if-not?”, what if the attributes or properties
of the problem are not met or in other conditions. "What if not?" technique has the same
value as "looking back" in solving problems in one's solution to mathematical problems
to produce new insights (Silver, 2013). Then students will be able to ask a question or
problem posing, then analyze the problem and develop a problem-solving strategy both
individually and in groups. These activities support students to always think of
analyzing, evaluating, concluding, and formulating strategies in solving problems, which
are indicators of critical thinking skills. This process has an impact on improving
students' critical thinking skills (Rosli et al., 2014), so it's better than students who got
conventional learning (Mahmuzah et al., 2014; Juano & Pardjono, 2016). Based on
these results it can be said that Mathematical Problem Posing provides a better effect
than conventional learning in improving student’s critical thinking skills.

Based on Table 3, it can be seen that the normalized gain percentage of critical thinking
skills improvement in Problem-based Learning is 52.84 and in Mathematical Problem
Posing is 49.56. Based on the results of the Mann-Whitney test in Table 7, it is known
there was no significant difference improvement in critical thinking skills between
students who got Problem-based Learning and students who got Mathematical Problem
Posing. It can be concluded that critical thinking skills improvement in Problem-based
Learning and Mathematical Problem Posing have the same condition. Problem-based
Learning and Mathematical Problem Posing both have learning steps that are capable of
impacting the process of analyzing problems, concluding and giving explanation,
evaluating, and choosing problem-solving strategies which are indicators of critical
thinking skills, so critical thinking skills improvement in Problem-based Learning and
Mathematical Problems Posing is generated in the same condition.

Based on the normalized gain percentage in Table 3 and the results of Mann Whitney
test in Table 5, Table 6, and Table 7, it can be concluded that (1) improvement in
critical thinking skills of students who get Problem-based Learning and Mathematical
Problem Posing better then students who get conventional learning and (2) there was no
significant difference improvement in critical thinking skills between students who got
Problem-based Learning and students who got Mathematical Problem Posing. In other
words, in improving student’s critical thinking skills (1) Problem-based Learning and
Mathematical Problem Posing provide better effect than conventional learning and (2)
there was no significant difference in effect between Problem-based Learning and
Mathematical Problem Posing.
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Critical thinking skills improvement based on gender

Based on Table 9, it can be seen that the improvement of critical thinking skills of male
and female students in the medium category. It can be seen that the normalized gain
percentage of critical thinking skills improvement of male students is 45.19 and female
students is 46.21. Based on the results of the Mann-Whitney test in Table 11, it is known
there was no significant difference improvement in critical thinking skills between male
and female students. Based on the normalized gain percentage in Table 9 and the results
of the Mann-Whitney test in Table 11, it can be concluded that there was no significant
difference improvement in critical thinking skills between male and female students. In
other words, in improving student’s critical thinking skills, there was no significant
difference in effect based on gender differences.

The results of critical thinking skills improvement based on gender that is relatively
similar between male and female students are natural. Previous studies based on gender
differences have varied results, including (1) superior to male students (Chen, Huang, &
Chou, 2016; Suherman et al., 2018), (2) superior to female students (Nurmaliah, 2009;
Liliana & Lavinia, 2011; Ramdiah, 2013) and (3) the result is the same (Thompson, et
al., 2000; Cimer, et al., 2013; Nunaki et al., 2019). This difference in results is possible
due to various factors, including social factors (interaction with friends, economics,
etc.), emotional factors (anxiety, motivation, etc.), intellectual factors (learning style,
intelligence quotient, etc.), pedagogical factors (methods, learning media, lecturers,
etc.), or differences in many samples. In this study there is a possibility that there are
differences in the number of samples, there are 23 male students and 101 female
students, this is because it is related to the previously selected learning groups so that it
needs to be studied in many balanced samples in the future.

Based on the learning model and gender, the improvement of students' critical thinking
skills in Problem-based Learning and Mathematical Problem Posing is still in the
medium category. Based on these results, to obtain better improvement, it is
recommended that Problem-based Learning and Mathematical Problem Posing be
applied over a longer-term (Masek & Yamin, 2011) and be carried out consistently by
providing facilities for student activities that support the development of critical
thinking skills indicators.

CONCLUSION AND SUGGESTION

Based on the findings and discussion, there are conclusions as follows: in improving
student’s critical thinking skills (1) Problem-based Learning and Mathematical Problem
Posing provide better effect than conventional learning, (2) there was no significant
difference in effect between Problem-based Learning and Mathematical Problem
Posing, and (3) there was no significant difference in effect based on gender differences.

The improvement of students' critical thinking skills is still in the medium category, to
obtain better improvement, it is suggested that Problem-based Learning and
Mathematical Problem Posing be applied over a longer-term and be carried out
consistently by providing student activities facilities that support the development of
critical thinking skills indicators.
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