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ABSTRACT 

This research aims to analyze the effect of the Problem
students' creative thinking ability in the topic of the plant reproductive system
experiment with a pretest-posttest control group model. The population consisted of all Grade IX students of MTS 
Laboratorium Jambi, totaling 120 students, while the sample comprised 48 students
IX-E. The instruments used were an essay test of creative thinking ability and a student response questionnaire toward 
the Problem-Based Learning Model based
homogeneity test, and hypothesis test, while the final data analysis techniques used the N
creative thinking ability data. The results of the analysis of creative thinking ability showed an N
the experimental class, which is categorized as moderately effective, while the control class obtained an N
0.44, which is categorized as less effective. The PBL Model Based on STEM had a moderate effect on creative thinking 
ability. Based on the research findings, the dominant indicator of creative thinking was originality, which was 
moderately effective, while flexibility was found to be effective

Keywords: PBL, STEM, creative thinking, students

INTRODUCTION 
Twenty-first-century learning focuses on training 

creative thinking skills through student
learning processes, which include communication, 
collaboration, critical thinking, creativity, and 
innovation skills, commonly referred to as 4C skills
Nowadays, creative thinking is a prioritized ability in 
facing the development of the Industrial Revolution 4.0, 
as having adequate 21st-century skills will foster and 
rapidly develop creative and innovative ideas to 
respond to various disruptive innovation challenges, 
especially in science learning[2].With creative thinking 
ability, numerous opportunities and potentials for 
student self-development can be created through 
various alternative, inspiring, and innovative 
activities [3].  

Thinking creatively enables individuals to 
generate a variety of ideas in responding to challenges 
and obstacles in the learning process, for example
science learning[4]. The complex and abstract subject 
matter of science requires analytical abilities and 
creative thinking processes[5]. In this context, the 
teacher plays an important role in fostering students' 
critical thinking skills so that various ideas and 
initiatives emerge in responding to science
problems given by the teacher through participatory 
learning activities designed to be student
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This research aims to analyze the effect of the Problem-Based Learning (PBL) model based on the STEM approach on 
students' creative thinking ability in the topic of the plant reproductive system. The design used was a quasi

posttest control group model. The population consisted of all Grade IX students of MTS 
Laboratorium Jambi, totaling 120 students, while the sample comprised 48 students, consisting of Class IX

E. The instruments used were an essay test of creative thinking ability and a student response questionnaire toward 
based on STEM. The initial data analysis techniques used the normali

homogeneity test, and hypothesis test, while the final data analysis techniques used the N
The results of the analysis of creative thinking ability showed an N

erimental class, which is categorized as moderately effective, while the control class obtained an N
0.44, which is categorized as less effective. The PBL Model Based on STEM had a moderate effect on creative thinking 

search findings, the dominant indicator of creative thinking was originality, which was 
moderately effective, while flexibility was found to be effective. 

PBL, STEM, creative thinking, students

century learning focuses on training 
creative thinking skills through student-centered 

include communication, 
collaboration, critical thinking, creativity, and 
innovation skills, commonly referred to as 4C skills [1]. 
Nowadays, creative thinking is a prioritized ability in 
facing the development of the Industrial Revolution 4.0, 

century skills will foster and 
innovative ideas to 

respond to various disruptive innovation challenges, 
With creative thinking 

ability, numerous opportunities and potentials for 
development can be created through 

various alternative, inspiring, and innovative learning 

Thinking creatively enables individuals to 
generate a variety of ideas in responding to challenges 
and obstacles in the learning process, for example, in 

The complex and abstract subject 
matter of science requires analytical abilities and 

In this context, the 
teacher plays an important role in fostering students' 
critical thinking skills so that various ideas and 
initiatives emerge in responding to science-related 
problems given by the teacher through participatory 
learning activities designed to be student-centered[6]. 

Science learning at the elementary and secondary 
education levels places greater emphasis on thematic 
issues in everyday life, such as the topic of the plant 
reproductive system. The plant reproductive system, 
which is closely related to students' daily environment, 
can serve as a specific learning topic to discuss various 
commonly encountered problems and the solutions to 
address them[7]. 

To date, the elements of creative thinking skills
such as fluency, flexibility, originality, and elaboration
have not been considered urgent in solving most science 
essay questions, resulting in students' creative thinking 
ability not being clearly measured. Through the Science, 
Technology, Engineering, and Mathematics (STEM) 
approach, various science topics can
Problem-Based Learning (PBL) model, which is closely 
related to students' creative thinking ability. For 
example, the topic of the plant reproductive system can 
train students' creativity in learning about processes 
related to plant reproduction, Angiosperms, 
Gymnosperms, and reproductive technology in plants, 
which require an implementable conceptual 
understanding of scientific processes. Therefore, a 
learning model is needed that can facilitate students' 
creative thinking skills to un
contextually and applicablywith
environment.  

Jurnal Inovasi Pendidikan dan Sains 

339 

Based Learning Model Based on the Science, 
Technology, Engineering, and Mathematics (STEM) Approach on Students' 

Based Learning (PBL) model based on the STEM approach on 
The design used was a quasi-

posttest control group model. The population consisted of all Grade IX students of MTS 
consisting of Class IX-D and Class 

E. The instruments used were an essay test of creative thinking ability and a student response questionnaire toward 
on STEM. The initial data analysis techniques used the normality test, 

homogeneity test, and hypothesis test, while the final data analysis techniques used the N-Gain test and analysis of 
The results of the analysis of creative thinking ability showed an N-Gain score of 0.57 in 

erimental class, which is categorized as moderately effective, while the control class obtained an N-Gain score of 
0.44, which is categorized as less effective. The PBL Model Based on STEM had a moderate effect on creative thinking 

search findings, the dominant indicator of creative thinking was originality, which was 

Science learning at the elementary and secondary 
education levels places greater emphasis on thematic 
issues in everyday life, such as the topic of the plant 
reproductive system. The plant reproductive system, 

h is closely related to students' daily environment, 
can serve as a specific learning topic to discuss various 
commonly encountered problems and the solutions to 

, the elements of creative thinking skills, 
such as fluency, flexibility, originality, and elaboration, 
have not been considered urgent in solving most science 
essay questions, resulting in students' creative thinking 
ability not being clearly measured. Through the Science, 
Technology, Engineering, and Mathematics (STEM) 
approach, various science topics can be taught using the 

Based Learning (PBL) model, which is closely 
related to students' creative thinking ability. For 
example, the topic of the plant reproductive system can 
train students' creativity in learning about processes 

production, Angiosperms, 
Gymnosperms, and reproductive technology in plants, 
which require an implementable conceptual 
understanding of scientific processes. Therefore, a 
learning model is needed that can facilitate students' 
creative thinking skills to understand science material 

applicablywith their learning 
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The PBL model is a contextual, problem-based 
learning model that is applicable in the field of science 
and aims to guide and motivate students to solve 
problems related to science[8].Problem orientation 
through the PBL model demands that the learning 
process of the plant reproductive system becomes more 
oriented toward innovation.   

One of the learning approaches that is oriented 
toward innovation is the STEM approach. This approach 
makes it possible to train and sharpen creative thinking 
skills. STEM-integrated learning is an appropriate 
alternative approach to be applied in the science 
learning process as an effort to foster 4C skills[9]. With 
this approach, it is possible to integrate two or more 
fields of study related to the elements of science, 
technology, engineering, and mathematics[10]. In 
addition, various relevant studies related to the 
implementation of STEM can help generate new 
knowledge, answer research questions, and develop 
understanding[11].  

Based on the results of the preliminary research, 
it was indicated that students were not yet able to 
identify scientific problems measurably, propose 
solution ideas, and perform scientific elaboration. 
Therefore, the proposed alternative is to implement a 
learning process using the PBL model based on the 
STEM approach; thus, the problem orientation becomes 
more focused and scientific by utilizing the elements of 
STEM throughout the science learning process. 

In an effort to realize a more meaningful learning 
process that aligns with the challenges of the 21st 
century, PBL is integrated with the STEM approach, 
which enables students to understand the plant 
reproductive system not only from the biological aspect, 
but also from the perspective of agricultural technology 
(such as tissue culture), plant growth engineering, and 
mathematical data on plant population growth. Through 
this integration, students are encouraged to connect 

science concepts with real life, thereby promoting their 
creative thinking ability. 

The novelty of this research lies in the 
implementation of the PBL model based on the STEM 
approach, which specifically enhances creative thinking 
skills in the topic of the plant reproductive system, a 
subject that has rarely been explored in depth within 
the context of science learning at the islamic junior 
secondary school (Indonesian: Madrasah Tsanawiyah; 
MTs) level. Up to this point,the Problem-Based Learning 
Model based on the STEM model has been implemented 
only partially and has not extensively addressed the 
scientific aspects of the discussed topics, such as the 
plant reproductive system, which is a fundamental 
concept in plant reproduction that enables students to 
apply it in plant cultivation. Therefore, the form of 
innovation in this research is designed to foster and 
develop students' creative thinking ability. 

Based on the explanation above, the main focus of 
this research is to analyze the effect of learning 
experiences through the Problem-Based Learning Model 
based on STEM on students' creative thinking ability in 
the topic of the plant reproductive system. 

RESEARCH METHOD 
The research was conducted at MTS 

Laboratorium Jambi. Data collection was carried out 
over three meetings from November to December 2024. 
The research population consisted of 120 Grade IX 
students at MTs Laboratorium Kota Jambi. A total of 48 
students were selected as the research sample using 
random sampling. The research design used was a 
pretest-posttest control group design. This design 
involved two groups selected randomly [12]. The 
experimental class (X1), through pretest O1 and posttest 
O3, received treatment using the Problem-Based 
Learning Model based on STEM, while the control class 
(Y2), through pretest O2 and posttest O4, was taught 
using the PBL model without the STEM approach.  

Table 1. Research Design 
Pretest Treatment Posttest 

01 X1 02 
03 Y2 O4 

The instrument in this research used a creative 
thinking ability test that had been validated or declared 
valid through expert judgment. The data and 
information on students’ learning experiences were 
obtained through written tests and questionnaires. Data 
normality analysis was conducted using the Shapiro-
Wilk test with the Statistical Program for Social Science 
29 (SPSS 29), while the Levene’s test was used to assess 
data homogeneity, allowing for the evaluation of the 
effect of the Problem-Based Learning Model based on 
STEM on students’ creative thinking ability. The N-Gain 
test was conducted to determine the improvement and 
effectiveness of the Problem-Based Learning Model 
based on STEM on students’ creative thinking ability 
using the following formula; 

g =
𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 −  𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 −  𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
𝑥100% 

The calculated N-Gain results were then 
categorized, as presented in Table 2 below; 

Table 2. Interpretation Criteria of N-Gain Effectiveness 
Percentage Criteria 

<40 Not Effective 
40–55 Less Effective 
56–75 Moderately Effective 

>76 Effective 

To assess the effect of learning experiences using 
the Problem-Based Learning Model based on STEM on 
creative thinking ability, the indicators used included 
fluency, flexibility, originality, and elaboration. In 
addition, students’ learning activities in both the 
experimental and control classes were also observed 
throughout the learning process.   
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RESULTS AND DISCUSSION 
The results of data analysis, as shown in Figure 1, 

indicate that both the experimental and control classes, 

after being assessed for pretest and posttest abilities, 
were normally distributed, as indicated by the Shapiro-
Wilk significance value (Sig > 0.05).  

 
Figure 1. Normality Test Results

The results of the normality test, as represented 
in Figure 1, show that both the experimental class and 
the control class had normally distributed learning 
ability modalities, with groups of students having low, 
moderate, and high abilities present in both classes. 
Therefore, the data met the requirements to evaluate 
the effect of different learning experiences in the 
experimental and control classes, both before and after 
being taught using the Problem-Based Learning Model 

based on the STEM approach and using only the PBL 
model [13]. 

Furthermore, to ensure that the variation in data 
distribution in both the experimental class and the 
control class is proportional and homogeneous, 
Levene’s test was conducted, as shown in Figure 2. The 
data variation in both classes was found to be 
homogeneous, as indicated by a significance value >0.05 
[14].  

  
Figure 2. Homogeneity Test Results 

The results of the homogeneity test analysis presented 
in Figure 2 show that in both the experimental class and 
the control class, the groups of students with low, 
moderate, and high abilities were already balanced, thus 
meeting the requirements to evaluate the effect of 
different learning experiences experienced by the 
experimental and control classes. 

To test the hypothesis proposed in this study, 
whether there is an effect of learning activities through 
the Problem-Based Learning Model Based on the STEM 
approach and the PBL model alone, as indicated by a 
clear difference in the average creative thinking ability 

of students before and after experiencing different 
learning approaches in the experimental and control 
classes, a paired samples t-test was conducted, as shown 
in Figure 3. It can be seen that there was an increase in 
students' creative thinking ability in the experimental 
class taught using the Problem-Based Learning Model 
Based on the STEM approach and in the control class 
using the PBL model alone, as evidenced by a significant 
difference between the pretest and posttest results, with 
a significance value of 0.01 < 0.05. Thus, H0 is rejected 
and H1 is accepted[15]. 

.  
Figure 3. Hypothesis Test Results 

Based on the hypothesis test data in Figure 3, it 
was found that there was a significant effect of using the 
Problem-Based Learning Model based on the STEM 
approach on students' creative thinking ability in the 
topic of the plant reproductive system when compared 
to learning experiences without STEM. This finding is 
supported by the N-Gain analysis results, as shown in 
Table 3. The average N-Gain score in the experimental 
class was 0.57, which falls into the moderately effective 

category, while the average N-Gain score in the control 
class was 0.44, which falls into the less effective 
category. However, the data show that there was an 
increase in scores from pretest to posttest in the 
experimental class compared to the control class. 
Therefore, the use of the Problem-Based Learning Model 
based on STEM is moderately effective in improving 
students' creative thinking ability, particularly in 
learning about the plant reproductive system[16]. 

Table 3. Average Scores of Pretest, Posttest, and N-Gain of Students' Creative Thinking Ability 
Variable Class Pretest Posttest Gain Gain 

Index 
N-Gain Category 

Creative 
Thinking  

Ability 

Experimental 49 78 29 0.57 57 Moderately 
Effective 

Control 48 71 23 0.44 44 Less Effective 
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Furthermore, by referring to the criteria in Table 
1, the depth and breadth of students' creative thinking 
ability taught using the Problem-Based Learning Model 
based on STEM can be evaluated. It was found that the 
indicators of fluency and elaboration were not effective, 
originality was moderately effective, while flexibility 

appeared to be more prominently effective. Meanwhile, 
the PBL model without STEM showed that the fluency 
indicator was not effective, whereas the indicators of 
flexibility, originality, and elaboration were all less 
effective[17]. 

Table 4. Percentage of Achievement on Indicators of Students' Creative Thinking Ability 

Class 

Indicator of 
Creative 
Thinking 

Ability 

Pretest Posttest Gain 
N-

Gain 
N-Gain 

Score (%) Category 

Experimental 

Fluency 59 73 14 0.34 34 Not Effective 
Flexibility 63 91 28 0.76 76 Effective 

Originality 36 72 36 0.57 57 
Moderately 

Effective 
Elaboration 62 77 15 0.35 35 Not Effective 

Average 55 78 23 0.51 51 Less Effective 

Control 

Fluency 52 67 15 0.31 31 Not Effective 
Flexibility 48 75 27 0.52 52 Less Effective 
Originality 53 79 27 0.55 55 Less Effective 
Elaboration 45 68 23 0.41 41 Less Effective 

Average 50 72 22 0.44 44 Less Effective 
 

Students' creative thinking ability through the 
Problem-Based Learning Model based on the STEM 
approach showed dominant indicators in originality and 
flexibility. The supporting factors, based on a survey 
presented in Figure 4, indicated that in the "strongly 
agree" category, 71% of students found science more 
interesting, and 54% were able to guide their peers. In 
the "agree" category, the most prominent responses 
were the courage to express opinions (71%), increased 
creativity (67%), enhanced learning motivation (67%), 

and improved group collaboration (63%). Meanwhile, in 
the "disagree" category, 54% of students found it more 
effective, and 12% felt restricted in expressing opinions. 
Therefore, the Problem-Based Learning Model based on 
the STEM approach can enhance students’ motivation, 
understanding, collaboration, creativity, and confidence 
in science learning, particularly in topics such as plant 
reproduction. This model is appropriate to be adopted 
as an effective and innovative learning strategy in 21st-
century classrooms [18]. 

 
Figure 4. Questionnaire Results on the Problem-Based Learning Model Based on the STEM Approach 

The survey results, as shown in Figure 4, indicate 
a positive student response toward the effect on 
creative thinking ability, which was the focus of this 
study. Students' learning ability was assessed based on 
four indicators that were internalized in each essay test 
item[19]. The ability to generate a variety of ideas or 
different approaches to solve a problem is essential. In 
the context of learning about the plant reproductive 

system, students' ability to view a concept from various 
perspectives and to formulate multiple problem-solving 
strategies is a crucial aspect in assessing students’ 
performance and learning creativity [20]. The flexibility 
indicator was observed when students, during group 
discussions, were able to accept others’ ideas. 
Originality was reflected in the ability to modify existing 
ideas and combine them into a new, more effective 

0 20 40 60 80 100

Science is more interesting
Group collaboration

Feels restricted in expressing …
Increases learning motivation

Confident in expressing opinions
Learning is enjoyable

Increases creativity
More effective

More active during learning
Able to guide peers

Questionnaire Results on the Problem-Based Learning 
Model Based on the STEM Approach

Strongly Agree (%) Agree (%) Disagree (%) Strongly Disagree (%)
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solution. Furthermore, elaborative and fluency abilities 
were identified through efforts to relate the material on 
the plant reproductive system with principles of science 
(generative and vegetative reproduction), technology 
(plant reproduction simulations or plant identification 
applications), engineering (cuttings and hydroponics), 
and mathematics (measurement and estimation). The 
dominance of the flexibility indicator in the effective 
category was due to students being more open to 
various possible solutions and able to adapt to changes 
in the context of the problem. This ability is highly 
relevant to be applied in real-life situations, where 
problems rarely have a single correct answer but 
instead require creative thinking. In the originality 
indicator, which fell into the moderately effective 
category, it was shown that some students were able to 
express original thoughts or generate uncommon ideas 
in solving problems related to the topic of the plant 
reproductive system[21]. The findings of this research 
indicate that the implementation of the Problem-Based 
Learning Model based on the STEM approach is 
moderately effective in encouraging students to think 
uniquely and creatively, although it has not yet reached 
its full potential. Students have begun to get accustomed 
to expressing opinions that differ from common 
answers; however, teacher guidance is still needed to 
further stimulate their confidence and courage in 
consistently presenting new ideas [22]. 

In addition, the relatively low indicators were 
fluency, with an N-Gain score of 0.34, and elaboration, 
with a score of 0.35. The fluency indicator reflects the 
students’ limited ability to generate multiple ideas or 
alternative solutions when facing a problem. Meanwhile, 
the low elaboration ability was indicated by students 
not being optimal in developing or detailing their ideas 
and showing less capability of connecting concepts and 
ideas for problem-solving. This was caused by the 
students’ lack of experience in integrating various 
disciplines within the STEM approach and the limited 
time available to explore solutions thoroughly[23]. This 
condition indicates that although the Problem-Based 
Learning Model based on STEM is capable of fostering 
creativity, there is still a need for the reinforcement of 
specific strategies to train students' fluency and depth of 
thinking. The significant improvement in creative 
thinking ability in the class taught using the Problem-
Based Learning Model Based on STEM because of its 
syntactic structure, which directed students to think 
more focused and provided opportunities to become 
more practiced in solving problems using clear facts and 
focusing their attention on identifying problems through 
environmental phenomena, thereby encouraging 
students to be active and think creatively.  In contrast, in 
the class taught using the PBL model without 
incorporating STEM, the learning atmosphere appeared 
less productive, as indicated by the fluency indicator 
falling into the not effective category. Furthermore, the 
indicators of flexibility, originality, and elaboration were 
all classified as less effective[24].  Based on the survey 
results as represented in Figure 4, students' responses 
were positive, including the perception that science 

learning materials were more interesting. In addition, 
peer participation and contribution had a positive effect 
on students' learning motivation, as demonstrated by 
their courage to express opinions and their 
collaborative and participatory group work[25]. The 
PBL model in science learning, facilitated by the STEM 
approach in the topic of the plant reproductive system, 
guides students to recognize a concept or knowledge 
(science) and apply that knowledge using the skills 
(technology) they have mastered to create or design a 
method (engineering) based on analysis and 
mathematical data calculations (math). The practice of 
science learning using the STEM approach has been 
shown to create an inspiring, enjoyable learning 
environment that focuses on directing students’ skills in 
analyzing and solving real-life problems [26].  

CONCLUSION 
Science learning activities taught using the 

Problem-Based Learning Model based on the STEM 
approach have a positive effect on students' creative 
thinking ability in the topic of the plant reproductive 
system. The key finding shows that the dominant 
creative thinking abilities are in the indicator of 
originality, which is categorized as moderately effective, 
while flexibility is categorized as effective. 
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