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INTRODUCTION 

The goal of education used to be to train individuals to have certain skills and knowledge in 
order that they may have a higher chance of success in the future. Due to the rapid technologi-
cal advancement in the last century and since the start of the new millennial, the future is 
more unpredictable. The goal of education now is to train individuals to be flexible and adapt-
able to the unpredictable future (Rychen & Salganik, 2003). In parallel with such a change, 
the need for pedagogical research has also increased (Evensen & Hmelo, 2000). 

What is more important is that in the face of these changes, the limitations of existing teach-
ing and learning methods are being revealed (Gilboy et al., 2015; Bazler & Sickle, 2017). The 
traditional teaching and learning method in the classroom is in need of improvement or 
changes. The manner in which the teacher communicates knowledge unilaterally to the stu-
dents is less likely to make educational impact for the 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 (Barrett, 2012; Herreid & Schiller, 2013; Roehl et 
al., 2013). The limitations and new demands in the field of education have advanced discus-
sions on alternative paradigms of education (Hidi & Harackiewicz, 2000).  

STEAM, which stands for Science, Technology, Engineering, Arts, and Mathematics, is a 
new educational system which hopes to prepare individuals for the unpredictable future. 
Originally based on STEM (which is without the Arts curriculum), STEAM aims to educate 
individuals to be able to think in a divergent and convergent manner (Bazler & Sickle, 2017). 
According to the results of research, STEAM appears to enable creative and critical thinking 
in humanities education (Ferrall, 2011). Therefore, it better educates individuals to live curi-
ously and creatively with the knowledge on arts, science, and mathematics (Spector, 2015; 
Yakman & Lee, 2012). 

However, STEAM has many problems too despite its advantages. It is true that the teachers 
who implemented STEAM recognize the importance of the integrated education method 
(Noh & Ahn, 2012). However, it has been pointed out that not only do the teachers need less 
work in implementing STEAM, but also the teachers do not seem to know the difference be-
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Review Article

This paper addresses the current problems of STEAM education and suggests a solution to solve 
one of the problems through adopting a method from Flipped Learning. Through the meticulous 
literature review, comparison, and analysis on STEAM and Flipped Learning, it will be shown 
that the methodology of Flipped Learning complements the weaknesses in STEAM. The conclu-
sion is that since there is a theoretical need for applying Flipped Learning to STEAM, further re-
search needs to be carried out to apply flipped learning in STEAM classes. 
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tween STEAM and the traditional science education (Park et al, 
2016). Therefore, in order to solve these difficulties faced by 
teachers and to fulfill the purpose of STEAM successfully, it is 
necessary to expand the class time, to diversify the class space, to 
use various teaching materials in a communicative way, to secure 
communication space between teachers and learners, to provide 
individualized learning materials which take individual differenc-
es of learners into account (Lim, Kim, & Lee, 2014). 

In order to solve the difficulties encountered by the teachers 
who want to continue to teach STEAM, such as the lack of time 
for the education, and the difficulty of knowing exactly how to 
proceed with the class, this paper suggests Flipped Learning as a 
methodology to complement STEAM. This review paper focus-
es on the need for learners and teachers to adopt the methodolo-
gy of Flipped Learning in order to effectively achieve the goal of 
STEAM. 

WHAT IS STEAM? 

STEM, an educational system that the U.S. actively introduced 
since the late 20th century, aims to advance science and mathe-
matics education as well as to focus on convergence between dis-
ciplines of science. Its goal is to enhance students’ interest in sci-
ence, technology, engineering and mathematics as well as to ad-
vance technical literacy (Breiner et al., 2012). Traditional science 
education, which excludes the humanities, plays an excellent role 
in providing knowledge of mathematics and nature and skill in 
science and technology, but it was not effective in developing the 
creativity of scientists or to discover and solve interdisciplinary 
problems. (Madden et al., 2013). To overcome this problem, the 
movement to include humanities and arts in science-based edu-
cation has been attempted by many scholars (Ghanbari, 2014). 

STEAM was first introduced in the U.S. because the American 
Academy of Sciences realized that interest in STEM education 
was declining (National Academies, 2007). Yakman (2008), who 
first proposed the structure of STEAM, criticized STEM for 
lacking convergence even though STEM adopts an integrated 
approach to teaching and learning academic concepts in science, 
technology, engineering, and mathematics. She believed that 
STEAM was an optimal education system that can provide a 
wholly convergent structure of learning experience which cannot 
be achieved by the STEM only. According to Bazler and Sickle 
(2017), STEAM education is currently an emerging educational 
model in the U.S., because it purports to overcome the weakness-
es of STEM education. 

The characteristic of STEAM is the introduction of the con-
cept of convergence between basic subjects especially with the 

arts curriculum, which has not been actively pursued in the tradi-
tional curriculum. Convergence is one of the most important 
strategies for solving complex problems and solving complex in-
tellectual problems in new fields in the 21st century. The stu-
dents need to be prepared for the future by learning how to inte-
grate ideas, approaches, and technologies from various knowl-
edge fields (National Research Council, 2014). Therefore, 
STEAM aims to develop creative and future oriented talent by 
presenting a curriculum that can integrate individualized knowl-
edge into one.  

IMPORTANCE OF CONVERGENCE IN 
STEAM 

The characteristics of convergence in STEAM can be summa-
rized as follows. First, it is learning-oriented. Chopp (2014) sug-
gests a conceptual concept of knowledge design that helps stu-
dents learn about individual subject matter in a convergent way. 
Knowledge acquisition design aims to “grant creativity and clari-
ty to the center of learning and learner attitudes” by accepting a 
new learning platform and recognizing the power of convergence 
of visualization power and knowledge (Chopp, 2014). 

Second, it is dialectical. It gives emphasis on the process by 
which learners find and pioneer knowledge acquisition on their 
own. The process of searching for knowledge is only possible 
when the learners themselves ask questions from their curiosity 
about the knowledge and find an answer to the questions. The 
nature of this process is dialectical. As found in years past, teach-
ing methods focused on teaching and learning in a dialectical way 
emphasized the importance of discussing and participating ac-
tively with other learners (Greeno, Collins & Resnick, 1996). 

Third, various educational means are utilized. As found in past 
decades, in order to effectively integrate knowledge, it is neces-
sary not only to teach using various media, but also to apply 
knowledge under various social contexts (Brown, Collins & Du-
guid, 1989). It is true that there have been many attempts to im-
prove the effectiveness of learning using various media, not limit-
ed to textbooks in education (Mayer & Moreno, 2010). Attempts 
to actively utilize various media such as the internet, video, and 
mobile learning to construct convergent knowledge are charac-
teristics of STEAM. 

APPLICATION OF INSTRUCTIONAL 
DESIGN PRINCIPLES OF STEAM 

The following instructional design principles summarize the 
re-conceptualization and restructuring of the curriculum in the 
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STEAM fields with various pedagogical teaching strategies in or-
der to solve the needs and tasks of the 21st century. Palou et al. 
(2015) applied STEAM to construct a core support system for 
engineering students who would be prepared for the 21st centu-
ry. They created a learner-centered learning environment and re-
constructed the basic courses in chemistry and environmental 
engineering. 

Coffland and Xie (2015) likewise describe the experience of 
teaching mathematics curriculum based on four skills required 
by the 21st century: Communication, Collaboration, Critical 
thinking, and Creativity (Partnership for 21st Century, 2011). 
Through this curriculum, they have enabled learners to face and 
experience the problems arising in real life in order to promote 
self-learning and to combine academic knowledge with real-life 
problems. 

Christensen and Knezek (2015) adopted an active learning 
approach. The researchers proposed an attempt to actively in-
clude technology into the middle school science curriculum 
based on the STEAM skills required by the 21st century. Stu-
dent-centered active learning has been shown to contribute to a 
long-term retention of knowledge and a deeper understanding of 
the subject (Akinoglu & Tandogan, 2007). 

Furthermore, Aschbacher, Ing & Tsai (2013) suggest that if 
the content that students learn at school is more relevant to stu-
dents personally and if the content is related to the future, the 
students’ become more drawn to the subject and learn more ef-
fectively and faster. Christensen & Knezek (2015) found out that 
with an active learning approach, students’ academic achieve-
ment increases and positively affects students’ attitudes toward 
science and related subjects. 

Based on such studies, it can be concluded that STEAM is ap-
propriate for preparing students for the future (D’Mello et al., 
2014). In addition to this, with STEAM, students will be able to 
be more creative in the process of constructing knowledge in a 
convergent way. In addition, the STEAM focus introduces a way 
to acquire knowledge connectively through interaction and co-
operation among learners, so that it is expected to increase the 
communication effect among learners.  

SUGGESTED STEAM EDUCATIONAL 
STRATEGIES TO IMPROVE 
LEARNING 

Ifenthaler et al. (2015) designed engineering education using a 
collaborative learning strategy. They suggest that the use of 
co-operative strategies has changed the attitudes of learners re-
ceiving engineering education, their thinking about themselves, 

and the activeness of a team. They published a case study that ex-
amined the effects of the learning organization model on attitude 
change, self-awareness, and organizational structure of student 
learning engineering (Mistree et al., 2014). This new curriculum 
emphasizes the capabilities and possibilities of individuals devel-
oped in a collaborative learning model and environment. In this 
model, learning took place at three levels: Individual learning, 
team-based learning, and group-based learning. Many of these 
curriculum strategies are designed to support STEM education, 
but they can also be applied to STEAM education. 

Second, they suggest that, during the class teachers should orga-
nize students into small groups for in-class class activities or for 
activities outside of class. Unlike the traditional strategy of con-
structing the contents of the lesson centered on the topic decided 
by the teacher, the students can present the tasks, problems, ques-
tions, difficulties and contents contained in the topics to the stu-
dents through one or more scenarios. Scenario-based approaches 
can be implemented under a variety of models, including prob-
lem-oriented strategies and project-driven strategies. Based on a 
scenario-based approach, students solve problems by presenting 
specific situations and scenarios in which problems are presented, 
and teachers are provided with tools to further develop the sce-
narios and the content. There is a lot of evidence to support the 
overall scenario-based approach, but there are a few drawbacks to 
the strategy of organizing students into small groups to increase 
classroom efficiency and performance. Teachers applying the sce-
nario-based approach frequently have to organize students into 
small groups and test applicability of student led-group process to 
scenario-based strategies (Prince & Felder, 2006). 

Based on these findings, Shen, Jiang & Liu (2015) proposed 
the following four STEM education strategies to improve stu-
dents’ lifelong learning skills. 
1. Designing activities to engage and motivate students in active

learning: The essence of this strategy is to develop activities
that help students take more responsibility for learning by cre-
ating student-led environment. These activities can be consid-
ered in various ways, such as demonstrating interesting scien-
tific phenomena, writing science content related to a student’s
personal life, extending learning to external learning areas, and
linking science to other exciting academic disciplines or enter-
tainment. 

2. Using a scenario-based content: A scenario-based approach
represents a broad educational strategy that provides learning
materials to students over longer periods, centered on one or
more scenarios. These cases can often be classified as prob-
lem-based, project-based, case-based, survey-based, or task-
based. 
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3. Organizing Students Focused on Collaboration: This practice
follows a strategy for organizing small groups and organizing
learning communities. Collaborative work can stimulate inter-
est in class by interacting face-to-face with students in various
classes, before and after classes, or interacting virtually through 
the Internet. 

4. Conduct research: This strategy is to encourage students to
develop research that is of interest to them under the supervi-
sion of a teacher. 

REPORTED PROBLEMS OF STEAM 

Despite the advantages of STEAM, it has been reported that 
the teachers face a lot of difficulties when applying the STEAM 
in their classrooms. Lim, Kim & Lee, (2014) examined elemen-
tary school teachers’ opinions and experiences of teaching 
STEAM, and found that they think there is lack of STEAM activ-
ities and they face difficulties in preparation for STEAM classes. 
Although most teachers see the need for teaching STEAM class-
es, the lack of instructional materials discourage them from ac-
tively teaching STEAM. In addition, Lee, Park & Kim, (2013) 
report that there is shortage of classroom hours for teachers  

to effectively carry out the STEAM classes. For the integrated 
curriculum to be delivered requires teachers to have a lot of 
knowledge and plan student activities. It takes a lot of time to 
carry out a long-term project, but the current number of assigned 
teaching hours for STEAM is not enough for such activities. Shin 
& Han (2011) pointed out that there is difficulty for teachers to 
integrate educational elements and activities through STEAM 
when they conducted STEAM classes. 

The potential difficulties that teachers face regarding STEAM 
are summarized in three points. First, there is a difficulty in lack 
of class time. STEAM not only requires a lot of knowledge and 
activities in the integrated subject matter to be delivered, but also 
demands a long enough classroom time to carry out the activities 
properly. Therefore, STEAM classes are not effective enough to 
achieve its original goal. Teachers may feel further burdened in 
overcoming the difficulties. Second, it is difficult for teachers to 
prepare class materials for STEAM. In fact, it is very difficult for 
the teachers to make the STEAM materials in accordance with 
the students’ interest and level. Third, students are not gaining 
enough knowledge that is supposed to be interdisciplinary and 
convergent. At the core of STEAM is to acquire interdisciplinary 
knowledge and to transfer such knowledge into produce more 
creativity. The activities conducted in STEAM are for acquiring 
convergent knowledge, but the problem is that learners are often 
more interested in the activities themselves rather than the inter-

disciplinary knowledge. These difficulties may be due to various 
reasons, but it is especially important to notice that there is a lack 
of communication channels to check whether learners really ac-
quire interdisciplinary skills, and that the level of individual 
learners is not properly reflected in the actual classes either. 

The current problems in STEAM, such as shortage of teachers’ 
time for preparing the STEAM classes and difficulties in coming 
up with classroom activities, can be complemented by introduc-
ing the methodology of Flipped Learning. Flipped Learning can 
be adopted to extend class time by providing opportunities to 
learn basic knowledge and concepts before STEAM class begins. 
In addition, the use of various high-tech media outside the class-
room leads to the diversification of the classroom space. With the 
various teaching materials online, learners effectively absorb the 
knowledge according to their pace and preference. It enables in-
dividuals to change their learning speed according to their learn-
ing ability. 

WHAT IS FLIPPED LEARNING? 

Flipped learning is an alternative to the teacher-centered, tradi-
tional way of teaching. It emphasizes engaging activities among 
students and interactions between teachers and students (Ham-
dan et al., 2013; Strayer, 2012). Traditional classes taught basic 
concepts and knowledge in the classroom and applied learn-
er-centered activities as homework (McCarthy & Anderson, 
2000). In contrast, Flipped Learning is a process of learning basic 
knowledge and concepts outside the classroom (Love et al., 
2014). By “flipping” the classroom, students participate in vari-
ous problem-solving activities based on learners’ interest and lev-
el of need in the classrooms, which is an innovative proposal for 
teaching methods (Bergmann & Sams, 2013). 

In addition, Flipped Learning dramatically changes the content 
and aspects of classroom instruction (Bergmann & Sams, 2014). 
Flipped Learning allows students to voluntarily solve problems by 
cooperating with each other ( Jamaludin & Osman, 2014). The 
role of the instructor is not exclusively limited to lecturing, but ex-
panded to providing feedback and advice to students. 

Bergmann & Sams (2013) believe that the most important as-
pect in Flipped Learning is the meaningful learning activity that 
occurs in the face-to-face classrooms. Also, it is emphasized that 
the center of learning is not the teacher but the activities of the 
students and the students are taking into consideration the im-
portant activities to be done in the classroom. Strayer (2012) ar-
gues that the most important stage of Flipped Learning is the ac-
tivity of expanding and deepening the concepts learned through 
video and various mediums in pre-classrooms in real classrooms. 
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In addition to the theoretical studies on Flipped Learning, the 
educational effects of Flipped Learning can be summarized in 
terms of improvement in learning ability among students (Saban, 
2013). Flipped Learning improves self-directed learning ability, 
students’ interest in learning, ability to understand the contents, 
problem-solving ability, and self-confidence. In addition, the as-
pects of cooperative learning, collaborative learning are empha-
sized by encouraging students to discuss problem-solving activi-
ties with each other, sharing knowledge among colleagues, and 
even teaching peers (O’Flaherty & Phillips, 2015). 

To sum up, Flipped Learning, which has an educational effect 
on the cognitive dimension of students which broadens the level 
of knowledge and provides opportunities for mutual knowledge 
exchange among them, is becoming a popular educational ap-
proach to fostering talented individuals for the 21st century 
(Newman et al., 2016). 

THE FOUR PILLARS OF FLIPPED 
LEARNING 

Sams & Bergmann (2014), who have been leading the study of 
Flipped Learning, have established The Flipped Learning Net-
work. According to the Flipping Learning Network Board, the 
characteristics of Flipped Learning are compared to the four pil-
lars: Flexible environment, a Learning culture, Intentional con-
tent, and a Professional educator. The detailed characteristics are 
as follows. 

First, Flipped Learning, which provides a flexible environ-
ment, accommodates a variety of learning methods. Teachers 
need to physically reconfigure the learning space for collaborative 
learning or individual learning in the process of optimizing the 
class. It is a feature of Flipped Learning to create a flexible space 
where learners can learn whenever and wherever they need. Fur-
thermore, teachers who flip the classroom tend to be flexible in 
coping with learners’ learning plans and evaluations. 

Second, Flipped Learning helps change the classroom climate 
into a learner-centered learning culture. In traditional teach-
er-centered instructional models, teachers had the authority to 
distribute information. In the Flipped Learning model, however, 
the lessons flexibly change with the learners. Such changes in-
duce the learner to explore deeply on the subject and provide a 
rich learning experience. As a result, students engage in knowl-
edge formation and evaluate their learning in a personally mean-
ingful way. 

Third, teachers who perform Flipped Learning continue to 
contemplate how to use the Flipped Learning model efficiently 
to help students understand the knowledge and the goal of edu-

cation. Teachers can optimize class time to accommodate learn-
er-centered, active-learning strategies, grade levels, and the cur-
riculum. 

Fourth, in Flipped Learning, teachers have professional knowl-
edge of technology as well as being knowledgeable on the con-
tent. The role of the professional teacher in the Flipped Class-
room is more important than the traditional classroom. During 
class time, teachers constantly observe students, provide them 
with instantaneous feedback, and assess their work. Teachers are 
reflective in the actual classrooms and engage in constructive 
criticism in relation to each other teachers to improve their teach-
ing methodologies. 

THEORETICAL ADVANTAGES OF 
COMBINING STEAM WITH FLIPPED 
LEARNING 

Flipped Learning, which is being used as a new teaching meth-
od in the current education field, can be a useful method to im-
plement the problems reported in STEAM. The first advantage 
is that Flipped Learning provides teachers with pre-learning ma-
terials and utilizes the cloud computing environment to enable 
easy learning through smartphones and tablet PCs regardless of 
where the students are and what time the students want to study. 
In addition, the pre-learning content itself provides information 
not only about the basic knowledge but also about how to practi-
cally implement the use of knowledge for students. This enables 
learner-centered education by helping students participate in real 
classroom activities more actively.  

Park (2014) state the advantages of Flipped Learning as fol-
lows. First, students learn the concept of knowledge in advance 
and can concentrate on the STEAM activities in school classes. 
Second, teachers can efficiently utilize the STEAM program by 
applying the teaching strategies or class models suitable for the 
STEAM education through Flipped Learning.

Nowadays, Flipped Learning is introduced as a new learning 
system for this digital generation because students are already fa-
miliar with the use of digital devices, can multitask, and are capa-
ble of instant online communication. The most important aspect 
is the fact that it is student-centered. It is personalized learning. 
Student-centered classrooms use Dewey’s philosophy (Dewey, 
1916) – the constructivist education paradigm as a philosophical 
basis for designing Flipped Learning (Ryder, 2006). In other 
words, Flipped Learning plays an effective role in establishing a 
student-centered classroom environment in which students se-
lect and construct content of their own. They become initiative 
as they become facilitators of knowledge, contrary to the tradi-
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tional classroom teaching methods in which teachers are the cen-
ter of the classroom. 

Flipped Learning requires the teacher to constantly check and 
verify his or her class, because the teacher requires the student to 
rebuild the existing curriculum so that the students actively par-
ticipate in the class. Through this process, the teacher prepares 
the lesson considering the interest, concern, and readiness of 
each student while considering the universal design for learning. 

The advantages of adopting Flipped Learning into STEAM 
based on methodological characteristics are as follows. First, it al-
lows teachers to balance the need to handle and deliver large vol-
umes of learning content and the need for students to build 
meaning through interaction with the content (Bishop & Ver-
leger, 2013). Second, because students actively use and apply 
knowledge in the classrooms, Flipped Learning can be seen by 
the teacher as a natural part of the students’ overcoming weak-
nesses in the learning process (Butt, 2014). Third, Flipped 
Learning can increase student participation and motivation 
(Critz & Knight, 2013). Fourth, Flipped Learning can improve 
teacher-student and peer interaction (Gaughan, 2014). 

The main advantage of Flipped Learning is that it can flexibly 
adapt to a variety of learning methods (Roehl, Reddy & Shan-
non, 2013; Schwartz, 2014). Unlike traditional classroom lec-
tures, students are free to choose where and how to view the re-
corded lecture material before class (Forsey, Low & Glance, 
2013). Teachers who have introduced Flipped Learning can no 
longer teach in class, so they can help them learn more effectively 
by developing higher-level learning methods and applying the 
practical skills (Stayer, 2012). 

According to Hamdan et al. (2013), most Flipped Learning 
studies point out that students’ perceptions and learning effects 
through Flipped Learning were generally positive and preferred 
classroom activities with interactions rather than lectures. Berg-
mann & Sams (2013) also report that Flipped Learning has 
proven to be an effective learning method for children with di-
verse learning abilities and environments. Davices, Dean & Ball 
(2013) also show that classes that adopted Flipped Learning in 
college had higher academic achievement in those who did not.
Flumerfelt & Green (2013) found that Flipped Learning has a 
positive effect on the academic achievement in high school. 

In summary, using Flipped Learning, various kinds of ad-
vanced media are utilized, interaction between learners is en-
couraged, various learner-centered activities are performed, and 
communication between teachers and students is increased 
through such an interaction-based learning methodology. By ac-
tively utilizing these characteristics of Flipped Learning, the 
teachers of STEAM will be able to solve the problems that they 

faced: they will not have shortage of time teaching the basic 
knowledge and preparing the class materials and convergent 
knowledge of STEAM. 

CONCLUSION 

STEAM is aimed at fostering talented individuals who are able 
to creatively converge knowledge to creatively converge frag-
mented knowledge. However, due to lack of time for teachers 
and effective methodology, it failed to enable students be creative 
and reconstruct the knowledge. One solution to this problem is 
to adopt the learner-centered methodology, Flipped Learning. It 
is a teaching method that can lead to integration of such knowl-
edge. The educational model which combines STEAM with 
Flipped Learning motivates a need for providing instructional 
design to promote learners’ activity, responsibility, mutual under-
standing, and mutual trust among each other. Applying Flipped 
Learning for STEAM in the current education system, which re-
quires students to be creative and flexible, will be able to not only 
positively change the interests and attitudes of learners, but also 
enhance creativity by creating a room for convergence of knowl-
edge (Lewis, 2015). 
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