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Introduction:-

The twenty-first century is marked by increasingly sophisticated
advances in science and technology. Critical thinking and creative
thinking skills are skills needed in this century. In addition, STEM is
also needed to practice these 21st-century skills. However, the reality in
the field found that students' critical thinking and creative thinking
skills are still low. The next fact is that there is still little application of
STEM-integrated learning. The solution to overcome these problems is
STEM-integrated learning to improve students' critical and creative
thinking skills. The purpose of this study was to describe the effect size
of students' critical and creative thinking skills on STEM-integrated
learning. The research method used is a meta-analysis. The data
collected were 20 national and international articles related to the effect
of STEM learning on students' critical and creative thinking skills. The
strong or weak influence of STEM learning on critical and creative
thinking skills is determined by the size of the effect. The results of the
meta-analysis showed that the level of education, learning models, and
learning materials showed that the influence of STEM learning on
students' critical and creative thinking skills was in the high category.
This research provides an opportunity for future research to develop
STEM-integrated learning to improve other twenty-first-century skills
at every level of education, relate them to learning models, and apply
them to every learning material.
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The twenty-first century has challenges, namely world competition in various sectors, including education. This
century is characterized by advanced technology and easy access to the internet. To face the challenges of this
century, the Indonesian people must be able to prepare quality people resources. The best course of action to address
the problems of our century is education. Education graduates must master science and technology in order to be
able to take advantage of technological sophistication (Usmeldi et al, 2017). Education is a place to prepare quality

human resources.

Education is an activity that serves as a forum for transferring knowledge from teachers to students. Graduates of
educational units must be competent and qualified. Educated graduates have innovative, creative and competent
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abilities at the world level (Asrizal et al, 2018; Usmeldi, 2016). Learning in this century is directed toward being
more perceptive to knowledge, culture, art, science, math, technology, and engineering which are all incorporated
into learning (Malik, 2018). Oneof the initiatives of the Indonesian government to build education is to develop a
curriculum that makes learning centered on students and integrated learning. Learning using an integrated model
that balances a good example is to take a scientific approach while utilizing technology to use in this century's skills
(Novitra et al, 2021). Current learning is expected to give pupils the abilities and skills they need for the twenty-first
century.

These twenty-first century skills include leadership, adaptability, entrepreneurial skills, innovation, curiosity or
critical thinking, and imagination or creative thinking. Twenty-first century capabilities at least apply critical-
creative skills, integrate science with the real world, apply information, comunication, and technology (ICT),
collaborative and communicative (Asrizal et al, 2020). Twenty-first century skills are also dominant in the areas of
literacy, innovation, and high competitiveness (Grey & Morris, 2022; Orak&&inozii, 2021). Critical thinking skills
allow students to adapt to different environments to classify problems, solve problems, find solutions, find ideas,
seek truth of arguments, think inductively-deductively, play an active role, and interact with other students (Klein,
2016; Sameth&Lessy, 2022). Students who have possessing critical thinking abilities facilitates problem-solving.
Apart from critical thinking, creative thinking skills are also required. The capacity to think creatively is assume to
enforce new ideas, while critical thinking is defined as the ability to use thinking, reasoning, analysis, synthesis, and
reflection on information (Asrizal et al, 2022). People with critical thinking skills have criteria including being able
to generate fresh concepts, ideas that don't yet exist in that place, find new processes that have never been done, and
do something by looking at it from a different perspective (Annisa, 2022; Asrizal et al, 2023; Birgili, 2015). Creative
skills can bring individuals without problems with various situations and can be trained through appropriate mastery
and learning processes.

Twenty-first century learning is a technique of transferring understanding from coach to student with the student at
the center of learning. Learning in the twenty-first century is based on the principles of student-centered,
collaborative, connected to real life, and purposeful and learning is prepared physically, mentally, and socially
(Asrizal et al, 2018; Gunadi et al, 2022). One variation of learning that is sufficient to hone students' critical skills
and creative thinking are STEM learning (Science, Technology, Engineering, and Math). Integrated learning based
on ICT (Technology, Information, and Communication) can enhance students' development of twenty-first century
skills (Asrizal et al, 2022). The goal of STEM education is to foster conceptual learning, critical-creative skills, aid
pupils in developing their capacity to contribute to the economy and expand employment Astawan et al, 2023).
STEM learning greatly facilitates students' skills in developing critical-creative thinking skills.

STEM learning is integrated learning that incorporates the fields of science, engineering, technology, and math
which have complex structures and various forms in learning and practice (Gao, 2020). STEM learning is an
integrated learning that has the goal of encouraging authentic, active, holistic and meaningful learning in accordance
with twenty-first century learning (Yurnetti et al, 2020). The learning process connects human interaction with
humans or human interaction with the natural surroundings. The way students interact seen from various disciplines
can train both analytical and creative thinking abilities as well as create an innovation. STEM is an integrated
learning that is quite effective at enhancing one's capacity for critical and original thought. STEM facilitates students
in the learning process and practice. There are at least three senses that help expedite the learning process, hamely
the senses of hearing, touch, and sight (Akbari et al, 2018; Rabiat, 2017). Learning that involves many senses can
build more student knowledge and the learning process is more focused on students.

However, seen from the actual field circumstances there are some gaps. The first real condition is that students still
have poor critical and creative thinking abilities. The second real condition is that STEM learning has not been
widely implemented in schools, both junior and senior high schools (Mawrni&Sani, 2020; Nungrum et al, 2022;
Sugmagati et al, 2020; Rohman et al, 2021). The third real condition is that there is still little meta-analytic research
that describes the impact of STEM integrated improving pupils' capacity for critical and creative thought. Seeing the
gap between ideal conditions and real conditions, it is necessary to do research to explain the results of STEM
integrated improving pupils' capacity for critical and creative thought. The results of this study can also be
developed for further research related to STEM learning and twenty-first century skills.

To find out the effectiveness and how big of an impact STEM education has on students' ability to think critically
and creatively, researchers conducted a meta-analysis of 20 research journals. The objective of this meta-analysis is
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to explain how STEM has an impact on critical-creative abilities. These journals discuss the influence of STEM
learning on the capacity for critical and inventive thought in pupils. There is a need for research to see how much
influence STEM learning has. Researchers in reviewing this meta-analysis measure the effect size or the magnitude
of the influence of STEM learning on critical and creative thinking skills. This is the focus of this meta-analysis. The
researcher also analyzed each journal and grouped them based on students' twenty-first century skills, educational
level, learning model used, and related learning materials.

Method:-

The research conducted is included in literature review research, one of which is meta-analysis. Meta-analysis is a
statistical analysis in the form of quantitative data from individual research and combined to obtain conclusions
(Aslikhah, 2015). The meta-analysis presented is an illustration of the size of the effects of STEM affecting students'
critical and creative thinking skills. The meta-analysis steps carried out in this study consist of several stages.First, it
collected 20 national and international articles related to the impact of STEM on students' critical thinking skills.
Second, perform data analysis using the effect size formula. Third, grouping literature based on moderator variables,
namely based on education levels, learning models, and learning materials. Fourth, publish research results to the
public.

The variables in this study consist of three variables. The first independent variable is STEM-based learning.
Second, the dependent variables are critical thinking skills and creative thinking. Third, moderator variables are
based on education level, educational model, and learning material. This research data was obtained from reputable
national and international articles.

The data analysis technique used in this study is the quantitative analysis technique. Data analysis was carried out
using several formulations of effect sizes. The formula used (Becker & Park, 2011), namely:

Effect size one group

X ost _i re
ES === P
SD pre

This effect size formula is used for research that only uses one class as the experimental class. The research was
conducted in two tests, namely pretest and posttest. Prior to treatment, students were given an initial test. After being
given treatment, students are tested again as a final test and determine how much influence the use of STEM
learning has on critical thinking skills.

Effect size two groups posttest only

Xg—X
Es = Xe¥c
SD¢

The two groups posttest only effect size formula is a formula for calculating the effect size in research that examines
two classes. The first class is treatment is given to the experimental class, while the second class is the control or
comparison class that is not treated. However, what was tested was only on the posttest. After the experimental class
is given treatment, both classes will be tested as a final test.

Effect size two groups pretest and posttest
ES _ (Xpost _Xpre )E_(Xpost _)_(pre )C
- SD preC —SD preE —SD postE
3

This formula is almost the same as the previous formula, which is carried out in two classes. However, this formula
is for research that tests both classes with pretest and posttest. The first test administered to the two classes was a
posttest, especially to the experimental class and the control class. Following the treatment administered to the
experimental class, both classes were tested again as a posttest test.

Effect size using-count
ES=t |—+ —

ng nc
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The current effect size formula is used for studies that calculate t-counts. The formula is quite simple. The research
used in two groups, namely there is a control class and there is an experimental class.

The effect size or effect size that has been obtained can be identified according to the category, namely 0 ES 0.2
including the low category, 0.2 ES 0.8 including the medium category effect size, and ES 0.8 including the effect
size high category (Cohen, 1988). We can see the impact of STEM education in developing creative thinking skills
from this category.

Result and Discussion:-

Researchers have collected several research and journals that cover the STEM education's impact on twenty-first
century skills, namely critical and creative skills. Researchers took journals from reputable national and international
journals. The journals that have been collected were published from 2018 to 2021. The journals studied can be seen
in Table 1.

Table 1:- Journal Article Code.

Code Education Level Effect Size
J1 Senior High School (SHS) 0.06
J2 Senior High School (SHS) 2.20
J3 Junior High School (JHS) 1.48
J4 Senior High School (SHS) 0.97
J5 Junior High School (JHS) 3.34
J6 Senior High School (SHS) 0.81
J7 Senior High School (SHS) 0.32
J8 Senior High School (SHS) 1.42
J9 Junior High School (JHS) 3.09
J10 Senior High School (SHS) 0.97
J11 Senior High School (SHS) 1.03
J12 Junior High School (JHS) 1.18
J13 Junior High School (JHS) 1.11
J14 Junior High School (JHS) 1.58
J15 Junior High School (JHS) 1.82
J16 Senior High School (SHS) 3.60
J17 Junior High School (JHS) 0.97
J18 Senior High School (SHS) 2.14
J19 Senior High School (SHS) 0.96
J20 Senior High School (SHS) 0.33

The collected journals were analyzed and classified into several sections. The goal is to see an overview of the size
of the effect and how big the influence of STEM is. The classification is based on critical and creative abilities at
each stage of education, learning models, and learning resources. The size of the influence as the graphic
explanation provided shows by the researcher. Of the 20 studies on average, It demonstrates the impact of STEM-
integrated education on students' critical and creative skills.

This first graphic image is an illustration of the extent to which STEM has an influence on students' twenty-first
century abilities by education level. The twenty-first century skills are critical-thinking and creative-thinking
abilities of students. Below are examples of how STEM instruction affects students' critical thinking and creative
thinking at various grade levels. Value of the effect size can be seen in Figure 1.

117



ISSN: 2320-5407 Int. J. Adv. Res. 12(02), 114-121

ES Value
el el el IJ]J’)’J
'} '} A A '} I} '} A L ' A J

Il

SSOSS e
D 1D OV 00 = 1D s O 00 1 ) = Oy 00 W
L

Il

C3-JHS C3-SHS C4-JHS C4-SHS

C3 & C4 Educational Level
Figure 1:- ES scores of C3 and C4 for each level of education.

Researchers classified effect sizes based on students' skills and educational level. These data are C3-JHS (Critical
Skills-Junior Hight School) is the average size of STEM education exposure to the critical thinking skills of junior
high school students, C3-SHS (Critical Skills-Senior Hight School) is the average size of the influence of STEM on
the critical skills of high school students, C4-JHS (Creative Skills-Junior Hight School) is the average measure of
the influence of STEM on creative thinking skills of junior high school students, and C4-SHS (Critical Skills-Senior
Hight School) is the average measure the influence of STEM on the creative skills of high school students. The
results of the effect size description that has been calculated as the average show that both students' skills and levels
are in the high category. This is seen in the value of effect size, which is 2.41; 1.29; 0.9; and 1.79. In journals
obtained by researchers for critical skills at the junior high school average value field level is higher than the effect
sizes at other levels. The lower effect size is on junior high school creative skills.

The second picture describes the effect size description or how the influence of STEM learning that is integrated
with the model for learning critical skills of students. Learning with which learning model is most suitable for
practicing critical and creative skills can be seen in the picture. Figure 2 below displays the typical findings of the
effect size values.
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PIBL Inquiry PBL

Learning Model
Figure 2:- ES value of each learning model.
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The learning model is very important to be considered by the teacher. Choosing a learning model can improve study
results of students and some skills. Learning models that are suitable for integrated with STEM education can help
pupils develop their critical and creative skill abilities. STEM integrated learning works well. In Figure 2 it can be
seen that the learning models that are often integrated with STEM learning are PjBL, inquiry learning, and PBL.
From several journals, the commonprice of the impact size of the integrated STEM learning model on students'
critical and creative skills was obtained. The PjBL, inquiry, and PBL learning models show that this model is
suitable for integration with STEM learning and has an effect on creative and critical skills.

Researchers also grouped the description of the effect size into learning materials. Researchers collected journals
and grouped them based on material related to the STEM effect on the critical and creative abilities of pupils. As for
the materials that have been obtained by researchers, it showsin the description in Figure 3 below.

3 -
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E 16 - 1.42
= 1‘4 -
~ 12 0.97 0.81
= 1
0,8 -
0.6 0.33
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Dynamics Low of Elasticity Heat Dynamic
Gravity Fluid
Learning Materials

Figure 3:- ES value of each learning material.

STEM s learning that combines four disciplines. A teacher and researcher must be able to distinguish which
learning materials can be integrated with STEM. In STEM learning, not all learning materials can be integrated.
Learning materials that can be made integrated, such as STEM learning, are adapted to basic competencies in
subjects. The results of the meta-analysis related to learning materials turned out to be 4 materials included in the
high category, namely rotational dynamics, the law of gravity, elasticity, and heat. This means that the four materials
affect STEM learning on students' critical and creative skills. Meanwhile, dynamic fluid material has moderate
influence. This could be because the research had less impact on critical and creative skills. However, for the overall
average meta-analysis of STEM learning on students' critical and creative skills, it has a high effect.

The results of this meta-analysis found that there was a significant influence between STEM integrated learning on
students' critical-creative thinking skills. The limitation of this meta-analysis research is that it only measures the
influence of the effect size of critical-creative thinking skills, while there are other twenty-first century skills. Then
the results of this meta-analysis focus on STEM integrated learning. It is hoped that future research will be able to
describe the effect of the integrated learning model on other twenty-first century skills. The results of this study can
also be used as a basis that it is necessary to develop models and teaching materials related to STEM integrated
learning with creative-critical thinking skills.

Conclusion:-

From the results of the meta-analysis study, it was concluded that STEM learning is based on creative and critical
thinking skills in this study. First, the effect of STEM integrated learning on students' critical and creative thinking
abilities at every level of education is included in the high influential category. Second, the influence of STEM
integrated learning on students' critical and creative thinking abilities in each learning model has a high influence.
Third, the influence of STEM integrated learning on students' critical and creative thinking skills in each learning

119



ISSN: 2320-5407 Int. J. Adv. Res. 12(02), 114-121

material has a high influence. The results of this research provide an opportunity to develop STEM integrated
learning with students' critical-creative skills.
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