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Article history: The rational thinking abilities of students require development through
iiii"’tg‘;i Xa:ﬁhzéz'zgg? effective learning strategies. This study investigates the effectiveness
Publighed: Mpay 30, 2023 of a STEM-based Problem-Based Learning (PBL) model in enhancing

students' rational thinking abilities, with consideration for gender
differences. This research uses a quantitative approach and a quasi-

Keywords: experimental design. Data analysis involved the application of Two-
Gender: Way ANOVA and Scheffe tests utilizing SPSS software. Participants
Problem-Based Learning ; consisted of Class VII students from MTs Ma‘arif Balong Ponorogo.
STEM,; The findings indicate the following: (1) the initial rational thinking

Rational Thinking; abilities of the experimental and control groups were comparable; (2)

the STEM-based PBL model demonstrated superior effectiveness in
improving students' rational thinking skills when compared to
conventional learning methods; (3) no significant disparity in rational
thinking abilities were observed between male and female students; (4)
an interaction effect between the learning model and gender was
detected, influencing students' rational thinking abilities. Specifically,
female students displayed superior rational thinking abilities when
exposed to the STEM-based PBL model. Conversely, no gender-based
discrepancy in rational thinking abilities was observed among students
utilizing the conventional model. These findings underscore the
potential of the STEM-based PBL model as an alternative approach to
foster students' rational thinking abilities.
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INTRODUCTION

Education in the era of Society 5.0 should be oriented towards equipping students with
various skills needed in this era of disruption. One important skill a student should possess is
rational thinking (Putri & Fadly, 2022; Rashidov, 2022). Rational thinking is a type of thinking
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that refers to logical and analytical thinking styles (Yang & Mattila, 2020). This indicates that
people with high rational thinking skills tend to have stronger logical and analytical thinking,
which makes them more likely to understand the reasons and explanations underlying their
decisions (Rahman, 2019). Students' rational thinking style is differentiated by gender in their
ability to solve problems or issues; males are more inclined toward a mathematical thinking,
while females are more inclined towards an abstract thinking style (Tzu-Ling, 2019). Female
students prefer abstract materials more than males (Alam, 2022).

Rational thinking ability can also be interpreted as a theoretical quality of the mind. The
rational thinking ability of students includes four things: the ability to gather information, the
ability to process information, the ability to solve problems, and the ability to draw conclusions
(Nuayi et al., 2018). World cognitive scientists also argue that increasing understanding of
rational thinking is important in achieving educational goals (Zulva, 2016). The more a person
is responsive in thinking, the more he/she can maximize their abilities to seek existing
opportunities (Matsunaga et al., 2021). Steps that can be taken in developing students' rational
thinking abilities, especially in the world of education, are by finding a suitable learning model
to be applied so that students are more enthusiastic and motivated to learn (Rusmansyah et al.,
2019; Wahono et al., 2020).

The development of education, knowledge, and technology underlies the emergence of
various models and strategies in learning (Crompton et al., 2020). The learning model
considered suitable for improving students' rational thinking abilities is the Problem-Based
Learning (PBL) model based on STEM. Problem-based or PBL learning is a learning model in
which students learn to solve problems that they receive. In PBL, student learning focuses on
complex problems, and there are no right or wrong answers, only what solutions to take (Nair
et al., 2020). The same goes for STEM-based learning, where the role of students in the
implementation of STEM-based learning is also guided to solve more complex problems and
requires high skills in solving a problem (Nasir et al., 2022). This allows students to be more
active in exchanging ideas, working in groups, and interacting with each other, either with
peers or teachers, because in this learning, the teacher is no longer the leading center of learning
(Nida’ul Khairiyah, 2019; Roshayanti et al., 2022). However, the role of the teacher here is
only as a facilitator and trainer for students.

The Problem-Based Learning (PBL) model of learning is the most innovative learning
model that can be applied in education (Smith et al., 2022). This learning model is adequate
for solving students' problems, and its application is in daily life. The PBL learning model is
also a learning model that combines everyday life problems with knowledge about concepts
and materials taught as the essential context for students to learn to support students' creative
thinking and problem-solving skills (Al-Qora’n et al., 2023). Other research also reveals that
PBL is more effective than conventional learning models (Jabarullah & Igbal Hussain, 2019).
The PBL learning model can improve students' mathematical problem solving ability and
metacognition ability (Siagan et al., 2019), PBL model is also effective for the process of
acquiring students' knowledge (lbrahim et al., 2018), and even the PBL model can improve
students' critical thinking skills (Dakabesi & Luoise, 2019; Kong et al., 2014).

Various studies on STEM have shown various benefits obtained through STEM-based
learning. STEM-based learning models have been more effective than conventional learning
(Sagala et al., 2019). STEM has also been shown to improve science process skills (Awalin &
Ismono, 2021), reduce students' cognitive load (Sundari et al., 2021), increase students'
scientific attitudes (Thahir et al., 2020), as well as students' rational thinking ability (Putri &
Fadly, 2022). Combining of PBL and STEM learning models can improve students'
metacognitive thinking abilities (Mulyani & Arif, 2021). Meanwhile, this study seeks to see
the effectiveness of the STEM-based PBL model in improving students' rational thinking skills
at the junior high school level.
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PBL is a learning approach that emphasizes real-world problem-solving through critical
thinking, collaboration, and the application of knowledge in relevant contexts (Sholihah &
Lastariwati, 2020). PBL is highly relevant to STEM education as it enables students to engage
in active and profound learning experiences that often involve applying science, technology,
engineering, and mathematics concepts to solve problems (Smith et al., 2022). Through PBL,
students can develop crucial analytical thinking, problem-solving, and teamwork skills that are
essential in STEM fields (Topsakal et al., 2022). PBL also aids students in connecting STEM
concepts to the real world, enhancing their learning motivation and developing skills relevant
to STEM careers (Salam, 2023). A practical PBL approach in STEM education can enhance
students' understanding of scientific concepts and their ability to apply that knowledge in
different contexts.

Inspired by various studies, this research investigates the effectiveness of using the
STEM-based PBL learning model in improving students' rational thinking abilities at MTs
Ma'arif Balong Ponorogo. Specifically, this study aims to: 1) determine the initial rational
thinking abilities of the experimental and control class students before the implementation of
the learning model, 2) determine whether the STEM-based PBL learning model is more
effective in improving students' rational thinking abilities, 3) determine whether there are
differences in rational thinking abilities between male and female students, 4) determine
whether there is an interaction between the learning model and gender differences in students'
rational thinking abilities.

METHODS

This research is a quantitative study that employs a quasi-experimental method. This
method is a research approach similar to a true experiment but with some limitations in
controlling variables (Rogers & Revesz, 2020). The quasi-experimental method involves two
groups, namely the experimental and control groups, but does not involve randomization in
assigning the groups. This study uses a 2 x 2 factorial design because it involves two
independent variables, namely the learning model and gender, each of which consists of two
categories. The population of this research is all 7th-grade students at MTs Ma’arif Balong.
The sampling technique used is cluster random sampling. One class is used as the experimental
group, and another as the control group. Data were collected from February 8th, 2021, to
February 22nd, 2021. The dependent variable in this study is the rational thinking ability of
students. In contrast, the independent variables are the learning model (STEM-based PBL
learning and conventional learning) and gender (male and female) of the students. The data
collection technique used was a pre-test and post-test on students' rational thinking abilities.

The instrument used to collect data in this research is a pre-test and post-test
questionnaire. The instrument created will undergo several tests, including validity and
reliability, to ensure the validity of the data before it is distributed to the respondents (Siregar,
2013). Validity testing is conducted through two methods, namely content validity, which is
done through validation by a judgment expert, and item validity, which is done using the
product-moment correlation. Meanwhile, reliability testing uses the Cronbach Alpha formula
(Surucu & Maslakgei, 2020). The first step in validating the instrument is to conduct an expert
validity test. The researcher requested the assistance of two lecturers to check whether the
instrument created was valid. The instrument declared valid by the lecturers will then be tested
for validity and reliability using SPSS software. This validity and reliability test includes all
items, which are 20 questions. Based on the validity test using SPSS software, it is known that
all items have a significance value of less than 0.05, indicating that the instrument used is
considered valid. The next step is to test the instrument's reliability, which is considered reliable
if the value of Cronbach's Alpha is greater than 0.70, while the obtained data is considered
unreliable if the value of Cronbach's Alpha is less than 0.70 (Howitt & Cramer, 2017). Based
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on the reliability test of the questionnaire instrument, it is known that the value of Cronbach
Alpha obtained is 0.916, which is greater than 0.70, indicating that the instrument used is
proven to be reliable. After being declared valid and reliable, the instrument is ready to be
distributed to the main research respondents.

This research was carried out with the procedure stated in the Figure 1. As stated in Figure
1, the research procedure started with giving pre-test questions to each class, the experimental
and control groups. The pre-test questions were given to measure the students' initial ability
before giving the learning model. The results were used to test the balance to determine whether
the rational thinking ability of the students in both classes before the experiment was the same.
Next, the students were taught about environmental pollution. The STEM-based PBL learning
model was used in the experimental class, while the conventional or lecture-based learning
model was used in the control class. The teaching was carried out according to the syntax of
each learning model using environmental pollution material. After completing a series of
experimental activities, the students were given post-test questions to determine their rational
thinking ability after the experiment.

Assumption Test (Normality) Assumption Test (Homogeneity) t test
Experiment Class: Control Class:
Using STEM-Based PBL Models Using Conventional Models

Assumption Test (Normality) Assumption Test (Homogeneity)  Two-Way ANOVA

Scheffe

Figure 1. Research procedure

The data analysis technique used in this study consisted of two stages, before and after
the experiment. Before the experiment, a balance test was conducted. The balance test was
conducted using a t-test, preceded by prerequisite tests that included normality tests using the
Kolmogorov-Smirnov test and homogeneity tests using the Bartlett test. Meanwhile, the test
after the experiment was a hypothesis test using Two-Way ANOVA. Before conducting the
Two-Way ANOVA test, prerequisite tests were carried out, which included normality tests
using the Kolmogorov-Smirnov test and homogeneity tests using the Bartlett test. A post hoc
test was conducted using Scheffe's multiple comparison tests to follow the Two-Way ANOVA
test. Technically, all tests were performed using SPSS 25 software. All data analysis in this
study used a significance level of 5%. The null hypothesis (Ho) was accepted if the significance
value or P-Value was greater than 5%, and the null hypothesis (Ho) was rejected if the
significance value or P-Value was less than 5% (lrawan, 2014).
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RESULTS AND DISCUSSION
Results

Before being given treatment, it is necessary to ascertain whether the rational thinking
skills of the experimental and control classes are the same. Based on the pre-test and post-test
data, the maximum, minimum, mean, median, mode, variance, and standard deviation values

are obtained, as listed in Table 1.
Table 1. Descriptive statistics of experimental class and control class

Statistics Experimental Control

Pre-Test Post-Test Pre-Test Post-Test
Min 74.00 73.00 74.00 63.00
Max 78.00 87.00 78.00 80.00
Mean 76.06 80.06 75.81 72.25
Median 76.00 80.00 75.50 72.00
Mode 76.00 83.00 75.00 71.00
Variance 1.26 16.73 1.58 20.73
Standard Deviation 1.12 4.09 1.13 4,55

Furthermore, statistical analysis of inferential tests was carried out based on the results
of the pre-test of students' rational thinking skills from the two classes. First, prerequisite tests
are conducted, which include normality and homogeneity tests. First, the normality test is used
to determine whether the data is normally distributed or not. Based on the normality test results,
it is known that the Kolmogorov-Smirnov test's significance value for the experimental class
is 0.058 (greater than 0.05), and for the control class is 0.116 (greater than 0.05). Therefore,
the pre-test scores for both the experimental and control classes are normally distributed.
Second, the homogeneity test ensures whether the two population distributions are homogenous.
The significance value of the Bartlett test for the pre-test data is 0.358 (greater than 0.05); hence
it can be concluded that the experimental and control classes have homogenous data
distributions.

After fulfilling both prerequisites, the balance test was conducted using the t-test. The
results of the t-test conducted using SPSS software are presented in Table 2.

Table 2. Results of balance test using t-test assisted by SPSS 25
Pre-test Value t Sig.
Experimental-Control 0.588 0.561

The Table 2 above indicates that the significance value (P-Value) of the t-test is 0.561
(greater than 0.05); hence it can be concluded that the rational thinking ability of students
before treatment between the experimental and control groups is the same. This is supported
by the fact that the means of the two groups are not significantly different, with a mean of 76.06
in the experimental group and 75.81 in the control group. Hypothesis testing is performed on
the post-test data.

Hypothesis testing was conducted on the post-test data after the experiment. Three stages
of tests were carried out, namely prerequisite tests, Two-Way ANOVA tests, and post-ANOVA
follow-up tests. The prerequisite test included normality and homogeneity tests. Normality tests
were carried out four times: normality tests on each class group and normality tests on each
gender group. The significance of the normality test using Lilliefors in the experimental class
was 0.200 (greater than 0.05), and in the control class was 0.200 (greater than 0.05), so it can
be concluded that the post-test scores of the experimental and control classes, respectively are
normally distributed. The significance of the normality test using Lilliefors in male students
was 0.145 (greater than 0.05), and in female students was 0.150 (greater than 0.05), so it can
be concluded that the post-test scores of male and female students respectively are normally
distributed.

Homogeneity tests were conducted twice: homogeneity tests among classes (experiment
and control) and groups based on gender (male and female). The significance level of the
Bartlett homogeneity test on the post-test results between classes (experiment and control) was
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0.926 (greater than 0.05), indicating that the distribution of pre-test data values in both classes
is homogeneous. Meanwhile, the significance level of the homogeneity test between genders
(male and female) was 0.166 (greater than 0.05); hence it can be concluded that the distribution
of pre-test data values between male and female students is homogeneous. After meeting the
normality and homogeneity requirements, the Two-Way ANOVA test can be conducted.

The Two-Way ANOVA test was conducted to answer the research hypothesis. The

results of the Two-Way ANOVA test using SPSS are listed in Table 3.
Table 3. Summary of two-way ANOVA test results of students' rational thinking ability

Source SS df MS F Sig.
Learning Model (A) 495,822 1 495,822 30.956 0.000
Gender (B) 26.648 1 26.648 1.664 0.208
Interaction (AB) 86.050 1 86.050 5.372 0.028
Error 448.478 28 16.017
Total 1050.219 32

Based on Table 3, it can be concluded as follows. First, for the main effect of rows, which
is the learning model (A), a significance value of 0.000 (less than 0.05) was obtained, indicating
that there is a significant difference in rational thinking ability between students who learn
using the PBL-based STEM learning model and those who use the conventional model.
Furthermore, mean, and marginal mean are required to conclude which model is more effective
in improving students' rational thinking ability as shown in Table 4. Second, for the main effect
of columns, gender (B), a significance value of 0.208 (greater than 0.05) was obtained,
indicating that male and female students' rational thinking abilities are equally good. Third, for
the interaction effect of the learning model and gender (AB), a significance value of 0.028 (less
than 0.05) was obtained, indicating an interaction between the learning model and gender on
students' rational thinking ability. Further post-ANOVA tests are needed to determine the

specific effects on each group.
Table 4. Means and Marginal Means

Learning Model Male Gender Female Marginal Means
STEM-Based PBL 77.500 82.627 80.063
Conventional 72.889 71.429 72.159
Marginal Means 75.194 77.027

Table 4 shows that the mean rational thinking ability of students who learn using the STEM-
based PBL learning model is 80.063, while students who use the conventional model have a
mean score of 72.159. The rational thinking ability of students who learn using the STEM-
based PBL learning model is better than those who use the conventional model. In other words,
the STEM-based PBL learning model is more effective in improving the rational thinking
ability of students when compared to the conventional learning model.

The results of the ANOVA test on the interaction effect of the learning model and gender
(AB) showed an interaction between the learning model and gender on students' rational
thinking ability. Thus a post-ANOVA follow-up test was needed. The results of the post-

ANOVA follow-up test using the Scheffe model comparison test are listed in Table 5.
Table 5. Summary of scheffe's post hoc comparison test
Kelompok Ho Hi Fobs Sig.

STEM-Based PBL Mg =Mgp mg ! Mg 6.559 0.016
Conventional M. =M, mey' Mg 0.532 0.475
Male mLE :mLK mLE 1 mLK 5.309 0.025
Female Moz =My, Mo My, 31.304 0.000

The post hoc Scheffe's multiple comparison test results, as presented in Table 5 above,
can be interpreted as follows. First, for students who learned using the STEM-Based PBL
model, the significance value of the mean comparison between male and female students was
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0.016 (less than 0.05). This suggests that there is a significant difference in rational thinking
abilities between male and female students who learned using the STEM-Based PBL model.
Looking at their means in Table 4, it can be concluded that female students have better rational
thinking abilities than male students. Second, for students who learned using the conventional
model, the significance value of the mean comparison between male and female students was
0.475 (more than 0.05). This suggests no significant difference in rational thinking abilities
between male and female students who learned using the conventional model. Third, for male
students, the significance value of the comparison between the experimental and control groups
was 0.025 (less than 0.05). This suggests a significant difference in rational thinking abilities
between male students who learned using the STEM-Based PBL model and those who learned
using the conventional model. Looking at their means in Table 4, it can be concluded that male
students who learned using the STEM-Based PBL model have better rational thinking abilities
than those who learned using the conventional model. Fourth, for female students, the
significance value of the comparison between the experimental and control groups was 0.000
(less than 0.05). This suggests a significant difference in rational thinking abilities between
female students who learned using the STEM-Based PBL model and those who learned using
the conventional model. Looking at their means in Table 4, it can be concluded that female
students who learned using the STEM-Based PBL model have better rational thinking abilities
than those who learned using the conventional model.

The main effects of comparing rational thinking abilities between the learning models
and genders are presented in Figure 2(a). In contrast, the interaction between learning models
and genders on rational thinking abilities is presented in Figure 2(b) below.

Main Effects Plot for Score
Fitted Means

Model Gender
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Interaction Plot for Score
Fitted Means
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Figure 2. (a) Main effect plot for score (b) Interaction plot for score
Discussion

The Problem-Based Learning (PBL) model of learning based on Science, Technology,
Engineering, and Mathematics (STEM) can enhance students' rational thinking abilities
because, in this model of learning, students are required to solve existing problems and are
expected to be proactive in finding the right solution. Additionally, the STEM approach in this
learning model combines four aspects of science, technology, engineering, and mathematics,
which can broaden students' knowledge in finding the best solution to their problems. The more
proficient and active students are in problem-solving, the higher their rational thinking abilities
will be (Tseng et al., 2013).

Rational thinking ability is a theoretical quality of the mind. Students' rational thinking
abilities encompass four aspects: gathering information, exploring or processing information,
problem-solving, and drawing conclusions. Rational thinking is a set of mental activities
ranging from simple to complex, including ten skills that underlie rational thinking abilities:
memorizing, imagining, classifying, generalizing, comparing, evaluating, analyzing,
synthesizing, and concluding (Nurachman & Irawan, 2020).

Students with good rational thinking abilities tend to rely on theoretical thinking styles
to respond to everything. People who rely on rational thinking abilities tend to have strong
beliefs in their initial decisions to protect personal interests, such as maintaining a good image.
Research results explain that rational thinking regulates how far individuals use abstractions,
which are general rules guided by analysis and logic in making decisions (De Keersmaecker et
al., 2020). Rational thinking ability also refers to a logical and analytical thinking style. Based
on this, it shows that individuals with high rational thinking abilities will have stronger logical
and analytical thinking, so they tend to understand the reasons and explanations underlying
their decisions.

The research findings indicate that the Problem-Based Learning (PBL) model based on
STEM influences students’ rational thinking abilities. If students' rational thinking abilities
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continue to develop, their learning outcomes will also improve. Other studies have also
explained that the PBL learning model impacts students' learning outcomes because, in the
PBL learning model, students must be more proactive during the learning process. Active
involvement of students in learning can bring about new knowledge and experiences for
students and cultivate a high level of curiosity toward the material being studied. The more
diligent and enthusiastic students are in learning, the higher their thinking skills will be, and
the learning outcomes they obtain will also improve.

This study is in line with the research conducted by Handika (2013), who stated that
problem-based learning has a better and more significant effect on the mastery of science
concepts in terms of the cognitive abilities of elementary school students compared to
conventional learning. This study correlates with research conducted by researchers, where
there was a significant improvement in students' understanding of the learning material taught,
thus developing their thinking skills and obtaining better learning outcomes.

Gender differences in thinking abilities can be seen in the ability to process the left and
right brains in each gender. Biologically, there are differences in the brain ability of male and
female students to understand STEM-based and problem-based learning (Saputri et al., 2018).
Female students tend to be superior in processing information using the left-brain function so
that they can be more organized in terms of dressing, and their thinking style is more prominent
in verbal learning, which prioritizes the ability to remember, memorize, observe, and
conceptualize, as in science and language learning. On the other hand, males are more
prominent in processing proper brain functions, in which they are superior in numerical or
calculative learning, such as mathematics and physics.

The learning activities that can influence students' rational thinking abilities, viewed from
gender differences, are seen from how teachers teach in the classroom and students'
participation in helping the learning process become productive and conducive. However, this
study has no relationship between gender differences in STEM-based PBL learning and
students' rational thinking abilities. The factors that influence the lack of gender differences
impact on learning may be due to students' lack of seriousness during learning activities and
the educator's ability to condition the classroom is less conducive, thus disrupting other
students' learning concentration.

This is in line with the research conducted by Wardani (2018) entitled "The Effectiveness
of STEM (Science, Technology, Engineering, and Mathematics) on Understanding Physics
Concepts in Terms of Gender Differences of Students," which states that there is no significant
influence between the learning approach and gender differences on students' understanding of
concepts. This is consistent with research conducted by researchers where there is no
significant influence related to gender differences in STEM-based PBL learning that have been
taught on students' rational thinking abilities in class VII of MTs Ma'arif Balong.

CONCLUSION

Based on the results of the analysis and discussion that have been conducted, this research
provides several significant contributions to the field of knowledge. First, the study reveals
that the initial rational thinking ability of the experimental and control group students at MTs
Ma'arif Balong is equally good, indicating a balanced starting point. Second, the findings
demonstrate that the STEM-based PBL model significantly positively impacts students'
rational thinking abilities, surpassing the effectiveness of the conventional learning model. This
conclusion highlights the value of incorporating the STEM-based PBL model in educational
practices to enhance students' rational thinking skills. Third, the research indicates no
significant difference in rational thinking abilities between male and female students. Fourth,
there is an interaction between learning models and gender differences in students' rational
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thinking abilities. Specifically, female students who learn using the STEM-based PBL model
exhibit superior rational thinking abilities compared to male students.

Conversely, no disparity in rational thinking abilities is observed between male and
female students when utilizing the conventional model. These findings contribute to a deeper
understanding of the impact of learning models and gender on students' rational thinking
abilities, providing valuable insights for educators and policymakers. By highlighting the
effectiveness of the STEM-based PBL model and shedding light on the gender dimension, this
research contributes to advancing the field of education and fostering evidence-based practices
for promoting rational thinking skills among seventh-grade students.
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