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ABSTRACT

This research aims to investigate the potential impact of  STEM-based scientific learning on the critical and crea-
tive thinking skills of  students at Universitas Pendidikan Ganesha in Indonesia. To achieve this goal, we con-
ducted a quasi-experimental research design to collect data. We provided students with hands-on experiences in 
conducting scientific experiments to solve real-world problems related to energy and air. Data regarding students’ 
critical thinking skills were gathered through tests, while data about creative thinking skills were obtained by 
observing students’ performance in mind-mapping exercises. The collected data underwent thorough statistical 
analysis, including descriptive and inferential techniques. The results of  this research show that students taught 
using the STEM-based scientific learning model outperform those taught using the conventional model (lectur-
ing). Furthermore, inferential statistical research shows that using the STEM-based scientific learning model 
predicts students’ critical and creative thinking skills considerably. These results imply that using the STEM-
based scientific learning model can help students improve their critical and creative thinking skills. This shows 
the potential to add to the body of  literature on the influence of  STEM-based scientific learning in developing 
students’ critical and creative thinking skills. Further, this study can serve as a basic reference for future studies 
aimed at investigating the influence of  STEM-based scientific education on students from various educational 
backgrounds and cultural settings.
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INTRODUCTION

Science education is crucial for today’s 
society because a community’s growth is deter-
mined, in part, by its scientific skills. Despite the 
Indonesian government’s endless efforts to imp-
rove students’ ability to master science, the 2018 
PISA survey results show that Indonesia ranked 
74th overall, out of  79 surveyed countries, with a 
reading ability score of  371, a mathematics abili-
ty score of  379, and a science ability score of  396. 
In the context of  Indonesia’s 2019 Human Deve-

lopment Index (HDI) value of  0.718, it is critical 
to comprehend the consequences of  this ranking 
at 107th out of  189 countries and territories. 
Indonesia’s HDI score of  107 shows a relative-
ly low level of  human development, highlighting 
the primary obstacles the country confronts in 
improving its overall well-being and development 
in comparison to its global competition (Soetjipto 
& Jose, 2020).

The PISA study emphasizes the importan-
ce of  improving education quality in Indonesia, 
with a special emphasis on 21st-century skills, in-
cluding critical and creative thinking. On the one 
hand, Nuri et al. (2019) emphasize the necessity 
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of  boosting Indonesian students’ critical thinking 
through science-integrated teaching. Similarly, 
Amrilizia et al. (2022) highlight the importance 
of  improving critical thinking through e-modules 
and contextual teaching. Pursitasari et al. (2022), 
on the other hand, demonstrate the importance 
of  strengthening students’ creative thinking skills 
through the use of  biotechnological modules re-
lated to real-world challenges. In a similar vein, 
Pasaribu et al. (2023) emphasize the significance 
of  nurturing creative thinking through STEM-
based worksheets. These latest studies have revea-
led that critical and creative thinking skills among 
Indonesian students are in a worrisome situation.

In today’s rapidly evolving world, where 
technological advancements and societal changes 
are happening at an unprecedented pace, the im-
portance of  STEM education in enhancing stu-
dents’ critical and creative thinking skills extends 
beyond being just an educational trend. It has 
evolved as a vital avenue for preparing students to 
flourish in an increasingly complicated and inter-
connected global context. Traditional educatio-
nal approaches, which frequently emphasize rote 
memorization and discipline-specific learning, 
are no longer sufficient in preparing students for 
the multifaceted issues they will confront in their 
personal and professional lives.

The urgency to prioritize STEM-based 
scientific education is underscored by the gro-
wing demand for a workforce capable of  driving 
innovation and economic growth. Industries are 
becoming increasingly reliant on technology-dri-
ven solutions, and the ability to navigate and leve-
rage technology is a skill that cuts across sectors. 
STEM education not only cultivates technical 
competence but also fosters critical thinking, ana-
lytical reasoning, and creativity – highly transfer-
rable skills and sought after in a wide range of  
professions.

STEM education has been identified as 
one of  the key priority areas for its crucial role in 
the country’s future economic growth and deve-
lopment (Croak, 2018), and it is becoming even 
more important in today’s world, where techno-
logy and innovation are driving progress (Nug-
roho et al., 2021). STEM is not only essential for 
students who are interested in pursuing careers in 
science or technology, but it is also critical for all 
students, as it provides them with a foundation of  
skills and knowledge that can be applied to any 
field. The importance of  STEM-based scientific 
education extends beyond just providing students 
with the skills they need for future careers. STEM 
education provides students with a strong foun-
dation in math, science, and technology, which is 

an essential skill in our rapidly evolving economy. 
Through STEM-based scientific education, stu-
dents learn to think critically and systematically, 
analyze data, and solve complex problems. By 
incorporating STEM-based scientific education 
into the curriculum and providing students with 
the necessary resources and tools, Indonesia can 
improve its position in PISA and enhance its glo-
bal competitiveness.

STEM education has been recognized as 
linked to students’ critical thinking (A’yun et al., 
2020; Hacioglu & Gulhan, 2021; Octafianellis 
et al., 2021; Parno et al., 2021; Widiasari, 2021; 
Ilma et al., 2023; Khotimah et al., 2023). Histo-
rically, the concept of  critical thinking was first 
introduced by an American philosopher, John 
Dewey, in 1910 (Hitchcock, 2017). Dewey called 
it “reflective thinking.” Over the next 40 years, 
the concept of  critical thinking gained momen-
tum, and the progressive education movement in 
the United States endorsed it (Hitchcock, 2017). 
In 1925, Edward Glaser and Goodwin Watson’s 
revolutionary work was another extension of  the 
progressive education movement’s emphasis on 
critical thinking. Critical thinking has since been 
widely applied in a variety of  sectors, including 
education.

Critical thinking entails more than just 
thinking; it also includes what a person believes 
or acts. Making informed decisions and tackling 
complicated challenges in a variety of  professions 
and circumstances requires critical thinking. As a 
result, it is necessary to use critical thinking while 
making decisions and to verify that the judgments 
made are well-justified. Developing critical thin-
king skills provides students with the resources to 
assess information correctly, present compelling 
arguments, and manage their thoughts in a clear, 
rational, and systematic manner. Students can 
improve their academic performance and expand 
their grasp of  the topic by examining and criti-
quing concepts. Furthermore, critical thinking 
encourages problem-solving creativity, which 
includes not just originating  new ideas but also 
coming up with effective solutions (Bailin et al., 
2010; Duran & Şendağ, 2012)

STEM education has also been recogni-
zed as linked to students’ creativity (Kristiani et 
al., 2017; Sirajudin et al., 2020; Widiasari, 2021; 
Doyan et al., 2022; Karmila, 2022). The ability 
to develop new and original ideas or solutions to 
issues is known as creative thinking, and it is a 
fundamental skill that is becoming increasingly 
important in today’s environment. Individuals in 
today’s quickly changing environment are cons-
tantly confronted with new difficulties and op-
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portunities. To keep up, someone must be able to 
think creatively and come up with fresh and crea-
tive solutions to challenges (Forster, 2014). 

The ability to approach problems from se-
veral perspectives is one of  the most fundamental 
components of  creative thinking. By looking at a 
problem from a variety of  perspectives, it is pos-
sible to come up with new and innovative solu-
tions that might not have been apparent otherwi-
se (Forster, 2014). This requires a willingness to 
explore different ideas and challenge assumptions 
about the problem at hand. From this viewpoint, 
creative thinking encompasses more than just the 
use of  imagination. It involves the production of  
a novel, original, and treasured outcome for eit-
her an individual or a society (Suciu, 2014). 

The 4.0 industry transforms the way 
people work, requiring new skills to succeed in 
this innovative field. Students today must deve-
lop critical and creative thinking skills  in order 
to keep up with the swiftness of  change (Islam, 
2015). Both critical and creative thinking are vital 
forms of  thinking. Critical thinking, on the other 
hand, goes beyond creative thinking in terms of  
its level of  analysis and assessment of  informati-
on and ideas (Hitchcock, 2017). Critical thinking 
entails systematically and logically assessing and 
evaluating information, arguments, and claims. 
It involves assessing evidence, identifying biases 
and assumptions, and drawing conclusions based 
on reasoned judgment. Critical thinking is often 
used to identify problems, find solutions, and 
make decisions.

On the other hand, creative thinking requi-
res a more open and flexible mindset that allows 
for unconventional and original ideas (Bailin et 
al., 2010). The process of  developing fresh and 
unique ideas or solutions is known as creative 
thinking. It often involves thinking outside the 
box, taking risks, and challenging conventional 
thinking (Werang et al., 2023a. 2023b). Creative 
thinking is often used in areas such as art, design, 
and invention, but it can also be applied to prob-
lem-solving in other fields. 

The purpose of  this study is to describe 
the impact of  STEM-based scientific education 
on critical and creative thinking skills in fourth-
semester Elementary School Teacher Education 
Program students. Students can engage in holistic 
problem-solving and get a deeper grasp of  real-
world applications by combining principles from 
multiple STEM fields. 

As displayed earlier, a huge number of  
studies have investigated the impact of  STEM 
education on critical thinking skills (A’yun et al., 
2020; Hacioglu & Gulhan, 2021; Octafianellis 
et al., 2021; Parno et al., 2021; Widiasari, 2021) 

and creative thinking skills (Kristiani et al., 2017; 
Sirajudin et al., 2020; Widiasari, 2021; Doyan 
et al., 2022; Karmila, 2022). However, within 
this set of  existing studies, only the study con-
ducted by Sirajudin et al. (2020) took place at the 
higher education level, while the remaining ones 
were carried out in junior and senior secondary 
schools. Despite these current studies, there is a 
significant gap in the assessment of  the impact 
of  STEM-based scientific learning on prospecti-
ve teachers’ critical and creative thinking skills. 
This study highlights fourth-semester Elementary 
School Teacher Education Program students to 
bridge this gap. Its goal is to shed light on the ef-
fectiveness of  STEM education in improving cri-
tical and creative thinking skills among universi-
ty-level students aspiring for careers in education.

University students are often required to 
think critically and creatively in their coursework 
and their future careers. Therefore, understan-
ding the impact of  STEM education on these 
cognitive skills in university students is crucial for 
designing effective STEM-based scientific educa-
tion curricula and preparing students for success 
in the workforce. We probed two research questi-
ons to guide this study as the following: (1) Does 
the use of  STEM-based scientific learning signi-
ficantly impact students’ critical thinking skills? 
and (2) Does the use of  STEM-based scientific 
learning significantly impact students’ creative 
thinking skills? To answer these research questi-
ons, we employed a quantitative research appro-
ach using a quasi-experimental research design.

Based on the existing literature examining 
how the utilization of  STEM learning affects stu-
dents’ critical and creative thinking, the hypothe-
tical model of  the study is presented in Figure 1.

Figure 1. The Hypothetical Model of  the Study

The study’s hypothetical model empha-
sizes the potentially transforming benefits of  
STEM education on students’ critical and cre-
ative thinking skills. It demonstrates that kids 
who are exposed to STEM education have better 
critical and creative thinking skills than students 
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who are not exposed to STEM education. By 
presenting the hypothetical model as depicted in 
Figure 1, the study anticipates finding evidence 
that students exposed to STEM education will 
demonstrate higher levels of  critical and creati-
ve thinking compared to their counterparts who 
have not received such exposure. STEM educa-
tion empowers learners to face the challenges of  
an increasingly complex and innovative world by 
instilling in them valuable lifelong tools of  critical 
and creative thinking that extend beyond the clas-
sroom. However, it is essential to note that further 
research and empirical evidence are required to 
validate this hypothetical model and draw con-
crete conclusions about the causal relationship 
between STEM education and enhanced critical 
and creative thinking skills in students. 

METHODS

As previously stated, this research  ai-
med  to examine the potential impact of  STEM 
education on students’ critical and creative thin-
king skills. To achieve this goal, we adopted an 
experimental research approach with a quasi-ex-
perimental research design. The experimental re-
search design refers to the systematic approach of  
conducting research in an unbiased and regulated 
manner to enhance accuracy and derive definite 
conclusions regarding the postulated hypothesis 
(Bell, 2009). The experimental research design 
is a scientific method that involves changing one 
or more independent variables to see if  the chan-
ges affect a second variable (Loewen & Plonsky, 
2017). This method allows researchers to look 
into the cause-and-effect relationship between va-
riables. In general, the impact of  the independent 
variable on the dependent variable is observed 
over time in order to draw a reasonable conclusi-
on regarding the causal relationship between the 
variables (Cherry, 2022).

We used an experimental research ap-
proach in our study for two reasons. For initial 
reasons, it is a widely employed strategy in our 
sector of  expertise, education. Second, the ex-
perimental study design is especially beneficial 
when time restrictions make it impossible to es-
tablish cause-and-effect correlations using other 
research methodologies (Agung et al., 2022). 
We were able to change the independent variab-
les and see the influence on the dependent variab-
les over a certain time period by employing this 
design. This allowed us to make logical conclu-
sions about the causal relationship between the 
variables we studied. 

There exist three distinct categories of  ex-
perimental research, namely: (a) pre-experimen-
tal research design, which encompasses one-shot 
case study research design, one-group pretest-
posttest research design, and static-group com-
parison; (b) quasi-experimental research design, 
which includes nonequivalent group, discontin-
uity in regression, and natural experiments; and 
(c) true experimental research design (Tanner, 
2018; Zubair, 2022). For this study, we employed 
a quasi-experimental research approach, utilizing 
a posttest-only nonequivalent groups design, as 
conducting a true experimental study is neither 
feasible nor ethically viable. The posttest-only 
nonequivalent groups’ design is a quasi-experi-
mental research framework that involves compa-
ring two groups that were not randomly assigned 
and thus are not equivalent in their composi-
tion. Within this design, both groups undergo a 
posttest assessment after exposure to a treatment 
or intervention aimed at discerning whether the 
treatment yielded a significant difference in the 
outcome variable (Krishnan, 2018). The selection 
of  study participants was accomplished using a 
purposive sampling technique, wherein specific 
characteristics were taken into account to deter-
mine the subjects (Campbell et al., 2020).

Data pertinent to the study’s topic were col-
lected through two distinct measurement techni-
ques. To gauge students’ critical thinking skills, 
we administered a standardized test designed to 
evaluate participants’ proficiency in comprehen-
ding and mastering learning materials. We asses-
sed students’ creative thinking skills in tandem by 
measuring their performance in an activity that 
required the production of  unique ideas or solu-
tions in response to a given topic. Our goal was 
to determine the extent to which this pedagogical 
method may effectively boost critical and creative 
thinking skills among participants by measuring 
these skills both before and after the application 
of  STEM-based scientific learning.

Using STEM-based scientific learning, we 
provided students with hands-on experiences in 
conducting scientific experiments to solve real-
world problems related to energy and air. The 
obtained data were subjected to both descripti-
ve (Loeb et al., 2017) and inferential statistical 
analyses (Hydayatsyah, 2021). The mean value 
and standard deviation were determined using 
descriptive statistics, while the model’s influence 
was evaluated using inferential statistics and a 
one-way MANOVA test. We used the Statistical 
Package for the Social Sciences (SPSS) version 16 
to assure the accuracy of  our results.
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RESULTS AND DISCUSSION

It is crucial to consider the assumptions 
when interpreting parametric tests in statistical 
analysis to avoid drawing erroneous conclusions. 
In this study, we utilized two assumption tests - 
normality and homogeneity assumption tests. 

The majority of  parametric tests require normali-
ty assumption, which we tested using Kolmogo-
rov-Smirnov’s Test. The data distribution needs 
to be normal, indicated by a non-significant Kol-
mogorov-Smirnov test. The outcomes of  the nor-
mality test are provided in Table 1.

Table 1. The Outcomes of  the Normality Test

Dependent Variables
Kolmogorov-Smirnov Shapiro-Wilk

Statistics df Sig. Statistics df Sig.

Critical thinking skills 1 0.141 32 0.107 0.940 32 0.075

2 0.141 32 0.104 0.957 32 0.222

Creative thinking skills 1 0.150 32 0.953 0.953 32 0.175

2 0.144 32 0.970 0.970 32 0.513

Data is considered to be normally distri-
buted if  the obtained significance level is higher 
than 0.05. The analysis technique used in this 
study was SPSS 16.0 for Windows software. 
The results of  the normality analysis indicate 
that all data, both from the experimental and 
control groups for critical and creative thinking 
skills data, are normally distributed, as evidenced 
by the Kolmogorov-Smirnov and Shapiro-Wilk 
statistical values that exhibit significance levels 
greater than 0.05. Therefore, overall, the data is 
normally distributed.

To test the homogeneity of  variance bet-
ween groups, we employed Levene’s Test of  
Equality of  Error Variances, a commonly used 
statistical method to assess whether the varian-
ce of  the dependent variable is similar across the 
groups being compared. The outcomes of  the ho-
mogeneity test, as presented in Table 2, provide 
valuable information concerning the validity of  
the one-way MANOVA test results, allowing for 
a more accurate interpretation of  the statistical 
findings.

Table 2. The Outcomes of  the Homogeneity Test

Levene 
Statistics

df1 df2 Sig.

Critical 
thinking 
skills

Based on mean 0.134 1 62 0.715

Based on median 0.084 1 62 0.773

Based on the median and with adjusted df 0.084 1 60.471 0.774

Based on trimmed mean 0.122 1 62 0.728

Creative 
thinking 
skills 

Based on mean 0.572 1 62 0.452

Based on median 0.432 1 62 0.514

Based on the median and with adjusted df 0.432 1 60.394 0.514

Based on trimmed mean 0.525 1 62 0.472

Data is considered to have the same va-
riance if  the resulting significance level is higher 
than 0.05. The analysis technique employed in 
this study was the SPSS 16.0 for Windows soft-
ware. The results of  the homogeneity of  variance 
analysis among the learning model groups indi-
cate that all Levene statistical values exhibit sig-
nificance levels above 0.05. This implies that the 
variance between the learning model groups is 

homogenous. The general description of  the rese-
arch findings comprises the distribution of  mean 
scores (   ) and standard deviation (S.D.) based 
on the learning approach (STEM-based scientific 
learning and conventional) administered to each 
treatment group. The mean scores (    ) and stan-
dard deviation (S.D.) obtained from the research 
for each learning approach group are presented 
in Table 3.
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Table 3. The Mean Score and Standard Deviation of  Dependent Variables

Dependent Variables
Experimental Group

Nonexperimental 
Group

Sum

SD SD SD

Critical Thinking Skills 82.50 6.95 69.69 7.61 76.09 9.70

Creative Thinking Skills 82.09 6.00 69.40 5.20 75.75 8.48

If  depicted in a bar chart, the mean score 
(   ) and standard deviation (S.D.) obtained from 

the research for each learning approach group are 
presented in Figure 2. 

Data in Table 3 and Figure 2 display the 
mean score (   ) and standard deviation (S.D.) 
of  critical thinking for the experimental group, 
which are 82.50 and 6.95, respectively, while the 
nonexperimental group has a mean score (    ) of  
69.69 and a standard deviation of  7.61. These fin-
dings suggest that the use of  STEM-based scienti-
fic learning is more effective in promoting critical 
thinking skills compared to the conventional ap-
proach. Data in Table 3 also displays the mean 
score (   ) and standard deviation (S.D.) of  cre-
ative thinking skills for the experimental group, 
which are 82.09 and 6.00, respectively, while the 
nonexperimental group has a mean score (   ) 
of  69.40 and a standard deviation of  5.20. The-
se findings suggest that the use of  STEM-based 
scientific learning is more effective in promoting 
creative thinking skills compared to the conven-
tional approach.

Based on data displayed in Table 3 and 
Figure 2, the results suggest that the use of  
STEM-based scientific learning is more effective 
in promoting both critical thinking and creative 
thinking skills when compared to the conventio-
nal approach. The experimental group has higher 
mean scores for both critical thinking and crea-
tive thinking skills, and the standard deviation 
is smaller in the experimental group, suggesting 

Figure 2. The Mean Score and Standard Deviation of  Dependent Variables within Each Group

that the STEM-based approach is consistently ef-
fective in improving these skills. These findings 
suggest that implementing STEM-based scientific 
learning can be a valuable strategy for educators 
seeking to enhance students’ critical and creative 
thinking skills.

To test the proposed hypothesis, we utili-
zed a one-way multivariate analysis of  variance 
(MANOVA). The summary of  the results ob-
tained from the MANOVA is presented in Table 
4.

The results of  the analysis, as presented in 
Table 4, indicate that there is a statistically sig-
nificant impact of  STEM-based scientific lear-
ning on students’ critical and creative thinking 
skills. This is demonstrated by the F coefficient 
values of  48.394 and 81.769, respectively, with 
significance coefficients of  .000 for both. The F 
coefficient value represents the ratio of  between-
group variability to within-group variability, and 
a higher F coefficient value indicates a greater 
difference between the groups being compared. 
In this case, the high F coefficient values suggest 
that there is a significant difference in the critical 
and creative thinking skills of  students who have 
been exposed to STEM-based scientific learning 
compared to those who have not. 
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Table 4. Summary of  the Results of  the One-Way MANOVA Test

Source Dependent Variable
Type III 
Sum of 
Squares

DF
Mean 
Square

F Sig.

Corrected Model Critical thinking skills 2626.563 1 2626.563 49.394 0.000

Creative thinking skills 2578.735 1 2578.735 81.769 0.000

Intercept Critical thinking skills 370576.562 1 370576.562 6.969 0.000

Creative thinking skills 367228.425 1 367228.425 1.164 0.000

STEM-Based Sci-
entific Learning

Critical thinking skills 2626.562 1 2626/562 48.394 0.000

Creative thinking skills 2578.735 1 2578.735 81.769 0.000

Error Critical thinking skills 3296.875 62 53.175

Creative thinking skills 1955.278 62 31.537

Total Critical thinking skills 376500.000 64

Creative thinking skills 371762.438 64

Corrected Total Critical thinking skills 5923.438 63

Creative thinking skills 4534.013 63

Furthermore, the Sig. coefficient value of  
.000, which is less than the commonly accepted 
threshold of  0.05, indicates that the impact of  
STEM-based scientific learning on students’ cri-
tical and creative thinking skills is statistically sig-
nificant. This result provides strong evidence to 
support the two hypotheses proposed in this stu-
dy and rejects the null hypothesis that there is no 
significant difference in critical and creative thin-
king skills between students who receive STEM-
based scientific learning and those who do not. 
The confirmation of  these hypotheses highlights 
the potential benefits of  implementing STEM-
based scientific learning programs in educational 
settings to promote the development of  critical 
and creative thinking skills among students.

In the 21st century, education systems, go-
vernments, and employers alike are recognizing 
critical thinking and creativity as fundamental 
skills for developing innovative cultures and pro-
moting responsible citizenship (OECD, 2008). 
Through the implementation of  a sequence of  
thinking skills, students can develop a more so-
phisticated understanding of  the processes to use 
when encountering new ideas, unfamiliar infor-
mation, or problems, which enhances their prob-
lem-solving skills (Retnawati et al, 2018).

Critical and creative thinking is a complex 
cognitive process that involves the use of  various 
skills, behaviors, and mindsets. These skills in-
clude logic, resourcefulness, innovation, imagina-
tion, and reason (Pacheco & Herrera, 2021). The 
application of  these skills is not only limited to 
academic subjects but also extends to everyday si-
tuations both within and outside the educational 

setting. This type of  thinking encourages students 
to approach problems from different angles and 
to consider multiple perspectives, leading to more 
innovative solutions and a deeper understanding 
of  the world around them. By engaging in criti-
cal and creative thinking, students can develop a 
more comprehensive and profound thinking pro-
cess that goes beyond surface-level comprehensi-
on (Bauld, 2022).

Effective learning is centered around pro-
ductive, purposeful, and intentional thinking. 
This means that students are encouraged to en-
gage in critical and creative thinking to develop 
a deeper understanding of  the concepts they are 
learning. One approach that emphasizes this type 
of  thinking is STEM-based scientific learning. 
This approach emphasizes the integration of  
science, technology, engineering, and mathema-
tics concepts to promote innovative and analyti-
cal thinking (Yaki, 2022). By utilizing this appro-
ach, students are exposed to real-world problems 
that require them to apply their knowledge and 
skills to find solutions. This encourages students 
to think outside the box and develop unique solu-
tions to complex problems. 

STEM-based scientific learning also 
emphasizes the importance of  collaboration and 
teamwork, as students work together to find solu-
tions to real-world problems (National Center for 
Education Statistics, 2017). By promoting critical 
and creative thinking skills, STEM-based scien-
tific learning provides students with the tools 
they need to succeed in a rapidly changing world. 
The results of  data analysis show that the use 
of  STEM-based scientific learning has a signifi-
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cant impact on students’ critical thinking skills, 
as indicated by the F coefficient value of  49.394 
with the Sig. coefficient value of  0.000. It means 
that the more university teachers utilize STEM-
based scientific learning approaches, the more 
significantly students’ critical thinking skills will 
increase. Conversely, the fewer university teach-
ers use STEM-based learning approaches, the less 
significant the improvement in students’ critical 
thinking skills will be. This finding is supported 
by the research findings of  Bulu and Tanggur 
(2021), Hebebci (2022), Mabrurah et al. (2023), 
Putra et al. (2023), Sastra et al. (2022), Sujanem 
and Suwindra (2023), and Topsakai et al. (2022) 
that the utilization of  STEM education in the 
classroom lead to significant improvements in 
students’ critical thinking skills. Since creative 
thinking skills are classified as both 21st-century 
learning skills and higher-order thinking skills, 
this finding is also in line with the research fin-
dings of  Ichsan et al. (2023), Martawijaya et al. 
(2023), Suradika et al. (2023), and Yerimadesi 
et al.’s (2023) research findings that the utiliza-
tion of  STEM-based scientific learning led to the 
improvements in students’ higher order thinking 
skills. The study shows that students who partici-
pate in STEM-based scientific learning activities 
have higher scores in critical thinking than those 
who do not engage in such activities. The results 
of  these previous studies suggest that STEM edu-
cation can be beneficial for all students, regardless 
of  their academic background or prior knowledge 
of  STEM subjects. 

The results of  data analysis also show that 
the use of  STEM-based scientific learning has a 
significant impact on students’ creative thinking 
skills, as indicated by the F coefficient value of  
81.769 with the Sig. coefficient value of  0.000. 
It means that the more university teachers utili-
ze STEM-based scientific learning approaches, 
the more significantly students’ creative thinking 
skills will increase. Conversely, the fewer universi-
ty teachers use STEM-based learning approaches, 
the less significant the improvement in students’ 
creative thinking skills will be. This finding is in 
line with the research findings of  Aguilera and 
Ortis-Revilla (2021), Amiruddin et al. (2019), 
Eroğlu and Bektaş (2022), Hebebci (2022), Iskan-
dar et al. (2020), Izzah et al. (2023), Kencana et 
al. (2020), Preca et al. (2023), Sastra et al. (2022), 
and Sutaphan and Yuenyong’s (2023),  that in-
corporating STEM education in the classroom 
lead to significant improvements in students’ 
creative thinking skills. Since creative thinking 
skills are classified as both 21st-century learning 
skills and higher-order thinking skills, this finding 

is also in line with Ichsan et al.’s (2023), Ilma et 
al.’s (2023), Martawijaya et al.’s (2023), Suradika 
et al.’s (2023), and Yerimadesi et al.’s (2023) rese-
arch findings that the utilization of  STEM-based 
scientific learning affect the students’ higher or-
der thinking skills significantly. The study shows 
that students who participate in STEM-based 
scientific learning activities have higher scores in 
creative thinking than those who do not engage 
in such activities. 

In light of  the findings of  previous stu-
dies and this study, it is clear that incorporating 
STEM-based scientific learning in the classroom 
can have a significant positive impact on both cri-
tical and creative thinking skills in students. By 
promoting the integration of  STEM education 
within educational institutions, educators can 
equip students with the means to conjure inno-
vative solutions to problems impacting their com-
munities and the global sphere. Furthermore, as 
the demand for adept technologically skilled wor-
kers continues to rise, endowing students with 
opportunities to refine these skills through STEM 
education enhances their readiness for future ca-
reers.

These findings are noteworthy as they un-
derscore STEM education’s capacity to assist stu-
dents in cultivating essential skills that can prove 
advantageous in both academic and non-acade-
mic domains. The favorable influence of  STEM-
based scientific learning on critical and creative 
thinking skills is poised to yield enduring rami-
fications, given that students who nurture these 
proficiencies are likely to perpetually employ and 
hone them across the course of  their lives. These 
findings substantiate the idea that STEM-based 
scientific learning can serve as a feasible avenue 
for enhancing critical and creative thinking skills. 
These skills are imperative for tackling intricate 
challenges prevalent in contemporary society.

The outcomes of  this study carry substan-
tial theoretical implications for the existing body 
of  knowledge concerning STEM education and 
the cultivation of  critical and creative thinking 
skills. While previous studies have explored this 
area, only a few studies have delved into the con-
text of  Indonesian Higher Education Institutions. 
Therefore, these current findings have the poten-
tial to fill the gap and provide a more comprehen-
sive understanding of  how STEM-based scienti-
fic learning impacts critical and creative thinking 
skills within this particular context.

Despite its theoretical contributions, this 
study does possess limitations. It primarily per-
tains to its narrow focus on a singular department 
and university, potentially constraining the appli-
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cability of  the results to broader contexts. Future 
research endeavors should aim to replicate and 
extend these findings in diverse settings, encom-
passing larger and more heterogeneous partici-
pant samples. Additionally, the study’s reliance 
on self-report measures of  critical and creative 
thinking skills introduces potential biases like so-
cial desirability, warranting future investigations 
to incorporate objective measures or multiple 
data sources to overcome this limitation.

CONCLUSION

Based on the results of this study, it can be 
concluded that implementing STEM-based scientific 
learning has a positive impact on the critical and crea-
tive thinking skills of students at Universitas Pendidi-
kan Ganesha, Indonesia. This highlights the potential 
of STEM-based scientific learning in transforming 
the way we approach teaching and learning. The stu-
dy suggests adding STEM-based scientific learning 
to the curriculum to improve students’ higher-order 
thinking skills, which are essential for future careers 
in science, technology, engineering, and mathematics. 
The study also highlights the importance of teachers 
receiving proper training to effectively use the STEM 
model in teaching and nurturing students’ critical and 
creative thinking. The theoretical rationale under-
lying these outcomes lies in the cognitive deve-
lopment theories that support the idea that active, 
experiential, and interdisciplinary learning en-
hances higher-order thinking skills. STEM edu-
cation aligns with Vygotsky’s and Dewey’s theo-
ries on the importance of  social interaction and 
practical experiences in cognitive development by 
providing a rich and dynamic learning environ-
ment where students engage in meaningful, col-
laborative, and hands-on experiences, leading to 
the development of  critical and creative thinking 
skills.
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