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Abstract: The interdisciplinary STEAM concept enables a learning experience by imple-
menting a set of different skills (problem-solving, critical thinking, creativity, etc.) with
the use of technology. Considering that hybrid teaching models are becoming more
prevalent at all levels of education, our interest was the application of the STEAM con-
ceptin a flipped classroom (FC). Our theoretical research aims to present the possible
ways and effects of applying the FC to the STEAM concept. By reinterpreting and crit-
ically analyzing several scientific research papers (theoretical and empirical) on the
application of this model in the STEAM concept, we conclude that the FC can be applied
effectively. Compared to the usual ways of realizing the STEAM concept by applying the
FC, the potential of ICT is used more, time is used more rationally, and the development
of various student skills is achieved more intensively. By using technology in the pre-
paratory phase of the FC, before coming to school, students acquire knowledge at the
level of memorization and understanding, according to Bloom's taxonomy of knowl-
edge. This enables students to be engaged in acquiring knowledge at higher levels of
Bloom's taxonomy through a variety of more complex tasks in the interdisciplinary
STEAM concept. The importance and pedagogical implications of the application of a
FC in the STEAM concept are particularly reflected in the possibility of increasing the
efficiency of teaching.

Keywords: STEAM, interdisciplinary approach, flipped classroom, hybrid learning, ef-
fective teaching

INTRODUCTION

The use of new technological tools represents a global challenge in various as-
pects of everyday life. As technology and artificial intelligence continue to de-
velop, their importance in society is increasing. Educational systems around the
world face the important task of ensuring the development of specific skills and
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knowledge that will enable students to successfully cope with the challenges of
the rapidly advancing technological environment. Most countries have already
revised their educational goals, moving towards competency-based standards.
The interdisciplinary STEAM approach to education is focused on acquiring
student competencies necessary for the 21 century. This approach encour-
ages the integration of multiple disciplines (science, technology, engineering,
art, and mathematics). This contributes to a better understanding of complex
problems and the development of innovative solutions. Besides a different ap-
proach, today’s educational trends require the improvement or change of tradi-
tional teaching methods. How a teacher communicates knowledge unilaterally
to students is less likely to make an educational impact on students, who are
already familiar with the culture of acquiring various pieces of knowledge from
the internet and communicating with people in various communities online
(Jung & Hong, 2020:42). Using the potential of using technology in teaching
and learning comes to the fore, especially by organizing blended and hybrid
classes. The innovative FC teaching model has been used in the world for years,
and in Serbian educational practice it represents the most recognizable con-
cept of hybrid teaching (ZVKOV, 2021: 12).

This work was created with the desire to investigate the application of the
STEAM concept in an FC based on the available literature. There is no data on
this kind of research in Serbia. Most of the research in the world relates to the
application of STEM concepts in an FC. Not wanting to limit ourselves only to
STEM, the paper explores the application of the wider STEAM concept, which, in
addition to the interdisciplinary connection of science, technology, engineering
and mathematics, also includes art. The STEAM approach can achieve a more
interesting and realistic learning experience because the creativity of students
is included through art, which contributes to increasing the motivation of stu-
dents to learn scientific content (Irwanto & Ananda, 2022). The importance of
this topic is reflected in the need to make the application of the STEAM concept
even more efficient, using the most modern communication and technological
achievements by applying hybrid teaching models, such as an FC. We expect
that the findings and results we have reached will help practitioners in apply-
ing the STEAM concept of learning, and give theorists and researchers guide-
lines and material for further theoretical research on this topic.

METHOD

In accordance with the main goal of the research - determining the possible
ways and effects of applying the flipped classroom to the STEAM concept, the
following research tasks were formulated:
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1) to explore how the STEAM concept is applied in the FC; and
2) to explore the effects of applying the STEAM concept in the FC.

The research was carried out using a descriptive method and a content analysis
procedure. After searching the databases of scientific papers on this topic, a
reinterpretation and critical analysis of several research papers (theoretical
and empirical) on the application of the STEM/STEAM concept in a FC was
performed.

STEAM CONCEPT AND FLIPPED CLASSROOM

The transformation from the acquisition of scientific knowledge (through var-
ious subjects) to the STEM concept (interdisciplinary connection of science,
technology, engineering, and mathematics) began in the USA, where it was
identified as a significant national reform in the curricula at all educational
levels to prepare students for the global economy of the 215 century (Yakman
& Lee, 2012: 1072). The STEM/STEAM concept is successfully applied in some
European countries, and over time it has become an integral part of the edu-
cational programs of the 21 century (Erkan & Duran, 2023: 2177). Interdisci-
plinary connection was extended to art and the next step was the integration of
language, that is, the expansion of the concept into STREAM (Science, Technol-
ogy, Reading, Engineering, Art, and Mathematics).

The interdisciplinary approach represents a holistic approach to learning
that enables students to face problems that require multiple and overlapping
solutions and apply everyday situations knowledge. Learning is organized on
significant topics and problems, without taking into consideration the bound-
aries (and equal representation) of subjects (Blagdani¢ & Bandur, 2018: 279).
Students are enabled to experience and apply real learning, they not only ac-
quire knowledge but are also able to apply that knowledge in their everyday
lives (Widya et al., 2019: 335). It is of great importance because it provides an
approach relevant to real-life situations, during which students need to con-
nect knowledge from different areas to adequately approach solving different
problems in personal, professional, and social life. Communication, coopera-
tion, critical thinking, solving complex problems, and creativity are considered
key competencies of the 21 century (Hwang et al., 2015: 457). Their devel-
opment is largely possible in this kind of the learning concept. A large com-
prehensive analysis of 225 research papers on the STEM concept of education
(Freeman et al., 2014) showed that the exam results are about 6% better with
the application of active learning by applying the STEM concept than in classes
where active learning was applied via the traditional teaching.
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During the implementation of the STEM approach, according to Erkan and
Duran (2023), certain problems were observed, such as the quantity of the ex-
isting curriculum, situations when a class size is too large, the time allotted for
implementation is not enough, problems related to communication between
groups of students during teamwork, etc. The mentioned problems and the
difficulties caused by these problems indicate that STEM education cannot be
implemented effectively enough in many learning environments so there is a
need for new teaching environments. Within these goals, one of the models
being discussed and whose development is studied is the FC model (Erkan &
Duran, 2023). In an FC, with the help of technology, online teaching and face-
to-face work in school are combined. Activities, that traditionally took place in
a classroom, now take place outside a classroom and vice versa (Bergmann &
Sams, 2012; Bishop & Verleger, 2013). In this model, students first learn new
content at home, often using online resources such as videos, multimedia pre-
sentations, or texts, and then use the time at school to apply what they have
learned through discussions, projects, experiments, and other activities that
allow deeper understanding and engagement. Lower levels of cognitive activ-
ities (according to Bloom’s taxonomy - memory and understanding) happen
at home, while at school attention is directed to higher levels of knowledge
(application, analysis, evaluation, and creation) (Plageras et al., 2022; Widya
et al,, 2019). Instead of explaining new curricular content, teachers point stu-
dents to different sources of information and encourage them to think critically
about what they learn. Even an experiment a student performs according to
(video) instructions from a teacher, and then records the results and tries to
explain what he or she observed, can be a way of preparing students at home
(Blagdani¢ & Bandur, 2018). The essence of the FC is to create a stimulating
environment for learning by one’s own abilities and interests, outside of classic
classrooms (Bojovi¢ & Stojkanovi¢, 2022).

Research confirms the successful application of the FC when learning the
STEAM subjects (Bergmann & Sams, 2012; Hwang & Lai, 2017; Chaipidech &
Srisawasdi, 2017; Milovanovi¢, Ceki¢-Jovanovié, & Ristanovi¢, 2022). As the
number of courses taught in blended/hybrid learning environments increas-
es, researchers recommend more research on the best methods of combining
technology-assisted learning with face-to-face instruction (face-to-face learn-
ing) (Dori et al., 2020). According to Bergmann and Sams (2012), the FC is
not only about using online tools but also about interactive activities during
learning. The student is at the center of an active learning process, while the
teacher provides support where needed. The teacher’s role is collaborative and
mentoring, providing support through an individualized approach to students
(Bishop & Verleger, 2013). The STEAM concept, which is applied in an edu-
cational environment where a student is at the center, with the effective use
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of technology, can be considered today as an example of educational models
that lead to the change in educational systems, just like the FC. In the same
way, it can be said that the FC model and STEAM education overlap in terms
of giving great importance to the use of technology and activating students in
the learning process, as well as developing students’ competencies for the 21
century. Physics teachers (86%) and students (78%), in the course of research
in Indonesia (Puspitasari et al., 2020:179), stated that they need a STEM inte-
grated FC e-module because it benefits the improvement of critical thinking
skills. Primary school teachers, according to the research by Ceki¢-Jovanovié
and Gaji¢ (Ceki¢-Jovanovi¢ & Gaji¢ 2022: 194), realize the importance of con-
necting related content of different subjects for the overall development of stu-
dents’ personalities and the acquisition of high-quality knowledge. They have
positive attitudes about STEAM education and often apply modern technology
and mathematics in STEAM for the preparation of materials, research activities,
and the individualization of the teaching process.

WAYS OF APPLYING THE STEAM CONCEPT IN A FLIPPED CLASSROOM

Learning scientific content is most often carried out through research and ex-
perimental teaching, where students observe phenomena and draw conclu-
sions based on the results of experiments. This type of research experimental
teaching, with interactive lectures, in a study with high school students in Thai-
land, was compared with the traditional learning (via textbooks and PP pre-
sentations) and with research-based teaching in the FC (via videos and com-
puter simulations on mobile phones). The results showed that the students
who studied in a traditional way had the worst results on the test, followed by
students who were taught through research and experimental teaching. The
best results were achieved by students who studied in an FC while using tech-
nology and research and experiment. According to the authors, the integration
of the FC in inquiry-based teaching, with the technological assistance of mobile
devices and simulations as learning tools, can help students understand scien-
tific content best (Chaipidech & Srisawasdi, 2017).

Nowadays, different models of the FC (Puthanveedu, 2022) are applied
in the world, and some of them are particularly suitable for using the STEAM
concept: the classic FC (learning lessons at home, working on assignments in
a class); discussion-oriented (assigning content for learning at home, discus-
sions in a class); demonstration-focused (demonstration principles in content,
practice in classes); group-oriented (students look at materials and teach each
other in class) and others. Even a false-flipped classroom model (where stu-
dents watch video lessons in class) was studies at a STEM high school in the US.
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The findings indicated that teachers used an expanded understanding of the FC
model by allowing their students to watch videos in class. One of the biggest
challenges these teachers faced was finding and creating videos to use in their
classrooms (Kirklin, 2019).

We noticed that during the experimental programs, the integration
of project learning and FC with the STEAM concept was most often applied
(Aydin & Mutlu, 2023, Dori et al,, 2020, Plageras et al., 2022, Sholahuddin et
al,, 2023). In project learning, students perform a series of activities needed to
solve problems, with the application of appropriate strategies. Project-based
learning often involves exploring a real-world problem that does not have a
single solution. The process of project learning takes place through the joint
work of teams of students through the analysis and search of possible solutions,
the selection of the optimal solution, the defense and explanation of the chosen
solution, and the intellectual product or artifact related to the aspect of real life.
A key advantage of project-based learning is that the students themselves must
actively acquire the knowledge they need to acquire related to the concepts be-
ing covered, rather than simply summarizing the material from the class. (Dori
et al.,, 2020: 3). The FC complements project-based learning by allowing stu-
dents to acquire background information with educational videos presented
as homework before coming to the classroom, so they can focus on applying
the basic concepts from the videos in school. Students become active partic-
ipants during class, improving cooperation and communication skills as they
work together to solve problems, discuss ideas, and present their findings, all
in line with the higher levels of Bloom’s Taxonomy (Aydin & Mutlu, 2023:823).
Through the STEM approach in the FC, individualized teaching can be achieved
and at the same time collaborative activities can be organized.

THE EFFECTS OF APPLYING THE STEAM CONCEPT IN THE FLIPPED
CLASSROOM

The research on the application of the STEAM concept in the FC took place
at different levels of education by analyzing the various effects achieved. The
study conducted in four elementary schools in Indonesia was inspired by stu-
dents’ high motivation to use devices and low motivation to learn (Kurnianto et
al,, 2019: 282). The FC model provided stimulation with the help of illustrative
and contextual scientific video content and had a positive effect on students’
motivation and inspiration for learning. (Kurnianto et al., 2019: 286; Wibawa &
Kardipah, 2018: 1008). The use of technology as a learning support affects the
motivation of teachers and students (Puspitasari et al., 2020:182) and helps
them implement teaching and learning more effectively (Rahman et al., 2015).
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Students are also motivated by the active application of knowledge in solving
practical problems. This is the key in the STEAM concept so a classroom be-
comes a space for creative problem-solving and collaboration.

Authors Giiliz Aydin and Osman Mutlu (2023: 823), conducting a quasi-ex-
periment, compared the results of learning the science content of the 6"-grade
students using project learning and project learning supported by the FC model
with the results of students in the control group, who learned according to the
traditional science curriculum at school. The results showed that there was a sig-
nificant statistical difference between the experimental groups and the control
group in the academic achievements and the durability of knowledge, but with-
out a significant difference in student innovation (Aydin & Mutlu, 2023: 823). A
STEAM-based learning approach can provide a boost to students in learning ac-
tivities by improving students’ scientific, technological, engineering, artistic, and
mathematical skills. It is expected that using a STEAM approach to learning will
prepare students to face future challenges (Albar et al., 2021: 130). The scientific
literacy of students in a class that applied project-based learning in an FC was
better than with students who only applied project-based learning (Sholahuddin
et al, 2023: 239). All research indicators reach the high to very high category,
except for the possibility of proposing a hypothesis, which is in the middle cate-
gory, so it can be concluded that such teaching takes place more efficiently and
effectively. The effectiveness and efficiency of the FC, with the use of the Edmodo
application in teaching science and promoting active and independent learning
among elementary school students, was confirmed by Sze Yean (2019: 331).

The experimental application of the FC did not show better learning out-
comes in all studies. A quasi-experimental study in Turkey (Tas, et al., 2022:
335) showed no significant statistical difference between using the FC in learn-
ing the science content among the 5%-grade students on science procedural
skills and student academic achievement. Applying STEM education in an FC
demonstrated a contribution to the development of students’ competencies
for the 21% century (Fung et al,, 2022: 7). According to Plageras (Plageras et
al,, 2022: 1), it affects the ability to learn and understand scientific concepts,
cognitive skills, and promotes students’ creativity. By applying STEAMification
as a specifically developed model of the STEAM approach in an FC, positive ef-
fects were achieved on the development of creative thinking skills and creative
innovation (Wannapiroon & Petsangsri, 2020:1654). In one study, it was de-
termined, based on the opinion of the teachers, that students’ critical thinking
skills were improved by receiving the e-module, which uses the STEM integrat-
ed approach of the FC (Puspitasari et al., 2020: 182). As the most significant
conclusion of the research, Dori and her colleagues (2020: 11) emphasize the
strengthening of cooperation among students, which is reflected in teamwork
to solve problems during class through project learning in an FC.
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The results of the analysis of STEM students’ perceptions of the FC show
that the main advantages for students (according to their perception) are: the
flexibility of learning from videos (77%), better understanding of the content
(73%), advantage due to previous knowledge in the class (34%), and the mo-
tivation to study (29%). Among the disadvantages mentioned by the students
are: technical problems (34%) (related to the Internet, software, etc.), the lack
of immediate feedback, and that they prefer shorter videos (Ramirez et al.,
2014: 121). The study conducted in China on the application of the STEAM con-
cept in a combined online and offline teaching environment showed a signifi-
cantly positive effect on student learning satisfaction, although online teaching
resources showed a positive, but insignificant, effect on learning satisfaction
(Cai, 2023:72). The qualitative research results (Erkan & Duran, 2023: 2175)
revealed that students found the activities useful, educational and fun. Accord-
ing to the results obtained from the study, the use of STEM activities supported
by the FC model is recommended at all levels of education (Erkan & Duran,
2023: 2175).

CONCLUSION

The STEAM concept in the FC is most often applied through project-based
learning globally. For the application of the STEAM concept, the application of
other FC models is suitable, such as: classic FC, discussion-oriented, demon-
stration-focused, group-oriented, and even the false-FC model. Applying the
STEAM concept in an FC increases students’ motivation and enables engage-
ment and good cooperation between students. The results of the presented
research on the application of the STEAM concept in the FC confirm greater
success in student achievement on test than with the traditional teaching. The
same applies to the application of research, experimental, and project teach-
ing in STEAM without the use of a FC. Students understand the content better
and achieve better results on knowledge tests in a flipped classroom, and the
teaching is more effective compared to the usual methods of STEAM teaching
(Cf. Aydin & Mutlu, 2023; Dori et al,, 2020; Freeman et al., 2014; Sze Yean, 2019;
Sholahuddin et al,, 2023). An exception is the study in Turkey which did not
show a significant statistical difference between the experimental groups (Tas,
et al,, 2022: 335). The application of the STEAM concept in an FC affects the
development of students’ competencies for the 21 century, especially the de-
velopment of critical thinking, solving complex problems, and creativity.

Through the theoretical analysis, we came to the conclusion that the
STEAM concept can be successfully applied in an FC. We can assume that its ap-
plication in teaching practice would lead to positive teaching effects and learn-

106



STEM/STEAM/STREAM - Approach in Theory and Practice of Contemporary Education

ing outcomes. Also, it would be useful to organize empirical research, with the
aim of examining the effects of the implementation in schools in Serbia.
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