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Abstract

This doctoral thesis investigates the implementation and efficacy of STEAM education in
secondary schools within the contexts of Hungary and Palestine. This research aims to explore the
advantages, challenges, opportunities, and best practices associated with its integration into
secondary school curricula in diverse cultural and educational settings. This doctoral thesis
employs a qualitative research approach, encompassing activities, observations, a systematic
literature review, and interviews to explore the implementation and effectiveness of STEAM
education in Hungarian and Palestinian secondary schools. STEAM education nurtures critical
thinking, creativity, and problem-solving skills. The research’s systematic literature review
demonstrates STEAM’s goals in education, positive implementation in schools, and outcomes.
Subsequent activities such as classroom observations, researcher-led initiatives, and interviews
examine and explore the perceptions held by educators and students regarding STEAM education
in Hungarian and Palestinian secondary schools. Moreover, the research provides rich qualitative
data to reveal the contextual factors influencing STEAM adoption and implementation with
theoretical and conceptual frameworks, and practical implications. A comparative analysis
approach also displays the commonalities and disparities between Hungarian and Palestinian
educational contexts regarding STEAM education. The findings portray a deep understanding of
STEAM education and its impact on secondary school students’ learning outcomes.

Keywords: art integration, art-based methods, STEAM education, creativity
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1. Introduction

1.1 STEAM Education

STEAM is an acronym for Science, Technology, Engineering, Art, and Mathematics and
traces back to a pivotal National Science Foundation conference in 2007, which demonstrates the
connection between arts, STEM education, and the workforce. STEAM introduces the additional
element of ‘Arts’ and there are many interpretations of this word (Sanders, 2009). The shift, from
STEM to STEAM, gained popularity and urged a broader educational approach beyond STEM
disciplines (Colucci-Gray et al., 2017). Supporters of STEAM argue that integrating arts into
STEM education can enhance cognitive skills and problem-solving abilities which could improve
students’ academic outcomes (Sanders, 2009). STEAM enhances students’ creativity through
analysis, critique, and investigation from an artistic perspective (Floerke, 2021). Furthermore,
supporters suggest that integrating arts into STEM education can help cultivate 21st-century skills,
and enable students to explore interconnections within STEM subjects and between STEM and
other areas of life (Ge et al., 2015; Hopia & Fooladi, 2019; Milner-Bolotin & Milner, 2017).
STEAM education empowers learners to engage in real-world experiences by combining science,
technology, engineering, and mathematics standards with art. STEAM education promotes inquiry-
based learning, problem-solving, and practical application. The Institute for Arts Integration and
STEAM (2021) point out that STEAM builds upon STEM benefits by offering a more modern and
innovative approach, allowing students to link their learning with art practices, design principles,
and national standards. This integration aims to provide a culturally enriching learning experience,
critical thinking, and innovation among learners. STEAM involves linking two or more disciplines
from Science, Engineering, and Math with the arts for mutual teaching and assessment (Institute

for Arts Integration and STEAM, 2021). Roehrig et al. (2021) describe STEAM as interdisciplinary
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because many disciplines are combining seamlessly to create a cohesive learning environment.
STEAM education has been efficient in students’ academic grades and life skills and competencies.
Students develop new abilities and can express themselves freely and display these new
experiences. The switch to STEAM education not only involves adding the arts but about the
teaching techniques, the learning, and the framework (Pomeroy, 2012). The idea of STEAM
education has become more popular and relevant in today’s education, where many researchers
and studies have depicted the importance and benefits of integrating STEAM education in
curriculums which was first introduced in Indonesia and the United States in 2007 (Perignat &
Katz-Buonincontro, 2019; Han & Lee, 2012). STEAM education teaches through activities from
all grade levels, from kindergarten to post-doctoral studies. STEAM education promotes positive
or negative results for students' learning. Many researchers and educators are pushing forth the
integration of arts into STEM education. This is defined as “the inclusion of liberal arts and
humanities in STEM education” (Spector, 2015, p.5). Jolly (2016) describes how STEM and
STEAM are competing against each other, however, they shouldn’t be competing they should rely
on each other and show the strengths of each subject. The Institute for Arts Integration and STEAM
(2021) displays six steps for creating an interdisciplinary STEAM-centered classroom: “focus,
detail, discovery, application, presentation, and link ”. These steps guide students to engage in
problem-solving and reflection skills in a collaborative learning environment. When implementing
a STEAM-based approach, it’s crucial to develop practical lessons associated with standards
appropriate for the grade level. For instance, Floerke (2021) displays the integration of mathematics
and music where educators can draw similarities by comparing music notes to points on a graph.
This approach boosts critical thinking as students analyze the music they listen to and link the
melodies in songs to mathematical concepts learned in class. STEAM education’s objectives are to

prepare children to think critically and creatively, cooperate, innovate, and have proper
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communication (Quigley & Herro, 2016). This is an important advantage to education because the
world is developing so innovations must be created for the future. The arts create new skills for
students from problem and critical thinking, inventiveness, group work, and the ability to have
thorough discussions which are vital for students’ future (Sousa & Pilecki 2013). The STEAM
curriculum concentrates and directs its attention to student-direct learning where teachers and
educators provide sufficient guidance and positive and useful criticism (Madden et al., 2013).
Therefore, teachers and educators are meant to change the aspect of teacher-centered classrooms
to student-centered ones to give them the proper knowledge and readiness for their future after
school (Sousa & Pilecki, 2013; Darling-Hammond, 2010; Doniger & Sydow, 2016). The
educational system needs to change with time and with this time new methods and techniques
should be introduced. Education needs to always be up-to-date and modernized to provide students
with triumph and achievement in their lives. Therefore, opening a pathway for STEAM education
can ensure the success of students. STEAM education has been efficient not only in their academic
grades but also in their life skills and competencies. Students develop new abilities and can express

themselves freely and display these new experiences (Diaz & Hernandez, 2002).

1.2 STEAM Education in Secondary Schools

If STEAM education is used in high school and higher education, students will perform
better and acquire an improved understanding of a certain subject because there is a “higher level
of contextualization of contents” (Segura, 2017, p. 309-311). Students will make better connections
to different subjects together by using STEAM in their classrooms (Guyotte et al., 2014).

Furthermore, Dobson and Burke state,

“A balance of critical thinking, analytical skill, and creativity is key for innovation. STEM, arts,
and humanities can be integrated to engage students in pursuing a balanced education —an education that
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will create more employment opportunities and options in the future” (2013, p. 20, Spyropoulou et al.,
2020).

It also allows students to develop their communication skills with one another and raise
awareness of the importance of cooperation which is vital to their career post-graduation (Connor
et al., 2015; Herro & Quigley, 2016). Through these developmental skills, students will be able to
cultivate their confidence and know that mistakes are common and necessary for development and
that is what STEAM is trying to encourage (Harris & de Bruin, 2018; Bertrand, 2019). The STEAM
curriculum plan currently lacks educator collaboration in unit planning. Ideally, each STEAM unit
should involve the combined expertise, resources, and materials of two or more educators.
Collaborative planning and teaching by multiple educators enhance content credibility and resource
availability. This collaborative approach also ensures accurate alignment with content standards
and objectives. There is a persistent need for ongoing research in STEAM education to understand
effective teaching practices. It would be valuable for educators to have access to research-backed
methods for developing and implementing STEAM curriculum. High school students are now
expected to comprehend complex texts, assess source dependability, and create arguments (DeBoer
et al., 2010). STEAM education plays a necessary role in preparing students for higher education
and future career endeavors. Students need to obtain and develop skills such as communication,
writing, expression, critical thinking, and artistic expression; and these skills can be developed
through STEAM activities (Gullatt, 2008). STEAM-based activities promote engagement among
students and can have impactful learning experiences by developing their inquiry-based problem-
solving and working independently or collaboratively. Additionally, through a STEAM-based
education, students can feel challenged allowing them to be creative, develop observational skills,
and expand the right hemisphere of their brain (Hayman, 2017). However, despite the importance

of implementing STEAM in secondary schools, there is a lack of formal training for educators in
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using STEAM concepts and this could lead to ineffective integration (Wang et al., 2011).
Educators’ attitudes, thinking, experiences, and identity efficacy can influence STEAM
achievement, therefore, this study becomes fundamental in identifying perspectives on STEAM
education at the secondary level (Nadelson, 2013). Shin and Han (2010) also portray how most
teachers have positive attitudes about integrating STEAM in the classroom, but many feel they lack
practical understanding of how to incorporate it into their teaching. Therefore, professional
development is beneficial because it concentrates on building personal and professional
confidence, learning new teaching methods, and knowledge about different teaching approaches.
Sparks (2002) also supports the advantages of professional development by stating how it provides
teachers with a deeper understanding of subject knowledge and pedagogical skills. Guskey (2002)
declares when meaningful improvements in education occur it’s due to professional development.
When conducting effective and practical professional development, educators are given the
necessary tools for research, practice, reflection, and an approach to work collaboratively. Despite
STEAM’s popularity, there is a lack of sufficient accessibility of STEAM education at secondary
schools. There is a necessity for more exploration into STEAM goals, initiatives, and perceptions
to expand STEAM interest and efficiency. Moreover, there is a lack of literature on the perceptions
of STEAM education, its impact on the student, and effective implementation and integration in

secondary schools.

Additionally, there is a scarcity of information regarding K-12 STEAM programs and to
embrace STEAM programs, administrators and educators require access to effective models that
promote departmental collaboration and co-teaching. Beyond research-based methods and models,
there's a need for both quantitative and qualitative studies to evaluate the curriculum’s

effectiveness. For instance, questions need to be answered regarding the academic advantages of
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integrating arts into logic-driven content areas, the impact of interdisciplinary curriculum on
holistic learning and innovative thinking compared to isolated disciplinary studies, and whether
both visual arts and STEM students equally benefit from a STEAM curriculum framework. While
the STEAM movement has been steadily expanding, it still requires more data to substantiate its
efficacy. Furthermore, firsthand accounts from educators regarding the feasibility of
implementation and reflections from students on their perception of interdisciplinary thinking are

essential.

1.3 STEAM in Palestine

The Palestinian government has pursued consistent efforts to enhance educational
infrastructure, teacher training, curriculum adjustment, and the establishment of a comprehensive
education system. The education system in Palestine witnessed significant challenges during the
Intifada leading to the closures of schools and universities. Consequently, private initiatives and
non-governmental organizations (NGOs) emerged to address the resulting educational crisis and
continue to play a vital role in advancing the Palestinian education system today. In Palestine,
compulsory education is mandated for children aged 6 to 15 and, after the tenth grade, students
undergo an evaluation to determine what section (science section or literary section) is eligible for
secondary school. Secondary education concludes when students complete the Tawjihi
examination determining admission to higher education institutions. Vocational training
opportunities for tenth-grade graduates are limited, with apprenticeships serving as the primary
avenue for skill development. Recognizing the significance of practical and theoretical training,
the Palestinian government implemented and offered two-year courses for skilled workers or 5 to

8-month courses for semi-skilled workers. There aren’t any specific STEAM organizations or
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STEAM integration in schools or curricula in Palestine. However, there is one major non-profit

organization that promotes STEM named, Al Nayzak, and their main aim is to

“Develop, root, and reinforce a new culture that embraces science, and to announce this culture
among Palestinian youth so that their competence in productive applied sciences could provide them
with better economic opportunities that would lead to their future prosperity.”

Their main aim is to develop scientific skills and tools for Palestinians in scientific,
entrepreneurship, technology, and engineering capabilities and offer socio-economic chances (Al
Nayzak, 2021). The organization targets ages between ten to eighteen years old students and above.
The figure below displays the program’s aims and journey regarding the development of certain

skills.

Programs’
Journey <

"

Opportunities
for youth

Innovations
and Inventions

Teaching Science
differently

o

Figure 1: Portrays the programs’ journey for STEM education and activities. Source: (Al Nayzak 2021)

The Ministry of Education and UNESCO collaborated, funded by the government of Japan,
on a project titled “Enhancing Student Competencies for Innovation and Sustainable Development
through STEAM and Coding in Palestinian Educational Institutions” in March 2021. The project
involved the training in coding, robotics, artificial intelligence, and 21st-century competencies

engaging a STEAM methodology for 100 educators and 1,000 students. Participants were equipped
16



with laptops and robotics kits and 60 students were incentivized to engage in the national
competitions of the World Robotic Olympiad (WRO), and two teams along with their mentors
participated in the 2022 WRO International Finals in Germany. The project demonstrated positive
outcomes for students to engage in STEAM activities and displayed collaborative achievements
(UNESCO, 2023). The Arab American University of Palestine (AAUP) engaged with the Ministry
of Education to create the “STEAM Palestine” program in 2019 to integrate Palestinian
universities. The program emphasized nurturing students’ analytical, problem-solving, and
teamwork skills. The program displayed different educational methodologies to foster critical
thinking, enhance students’ adaptability to contemporary scientific challenges, and develop
creativity and positive attitudes toward science, mathematics, and technology among school
students. The program was meant to inspire other research initiatives and deepen students’

understanding through active participation (AAUP, 2021).
1.4 STEAM in Hungary

Hungary’s education system starts with basic education (ISCED I+II) for elementary and
then there are three different secondary schools (ISCED I11) that are linked to elementary school.
Firstly, Secondary Grammar Schools are schools that focus on students’ careers in higher
education, secondly, Vocational Secondary Grammar Schools are schools that focus on job training
and professional education for their students, and lastly, Secondary Technical Schools are schools
that concentrate and provide occupational training for their students. Natural science is taught from
grades 1-6 (ages 6-12) in four different subjects- biology, geography, physics, and chemistry and
carries on from the 7" grade. At the Secondary Technical Schools science is taught in a more
complex way from the 9" grade and then from grades 10-12 students can learn one or two subjects

from the natural sciences (biology, geography, physics, and chemistry). The students must also
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complete a TIMSS and PISA test. However, Hungarian students’ results in the math and science
section of these tests have been declining between 2000-2012. They are very weak in these subjects
and know less than 10-15 years ago (Csapd, 2014). Hungary did change its learning targets and
used the targets from Europe 2020, because these learning targets strengthen students’ creativity,
and their skills and attention to science and math subjects (European Commission, 2010).
Hungarians’ education policy is shifting to these new objectives that not only strengthen their
knowledge and skills but also their personality and growth as an individual. In public education,
Hungarian schools focus on complex educational programs in the fields of natural sciences,
mathematics, arts, and entrepreneurship. Therefore, the strategy Hungarian schools are aiming for
IS in support of STEM education. They want to develop a correlation between teachers of natural
sciences to teachers working in STEM education. The European Union is the main source of funds
assigned to this education strategy to be implemented in schools. As well, other markets and NGOs
have been interested in this new education strategy and are assisting the teachers with the proper
tools and instruments. Though, the arts have not been mentioned visual culture and music are very
much part of the art education in Hungarian schools. Art classes are constrained in some form, but
all students until the age of 18 take some form of art during their education, even for their final
exam before graduation, students can choose an art subject for instance, fine arts, instrumental
music, or folk dance and continue after graduation with art. Also, students who are very interested
in the arts in school can take extra classes to improve their skills and can choose different forms of
art at the age of 14. Teachers are educated and qualified to teach two different topics from natural
sciences to art for example some teachers have a degree in two subjects- Geography and arts. This
is an excellent way for teachers to implement the arts in STEM education (Szabo et al;., nd).
STEAM education has been implemented in some schools around Hungary- for instance- the

Hungarian Eco-School network was initiated in 2000 and has used 40 pilot schools to portray the
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success of this plan. It is still being used and in 2006 The Green Kindergarten was introduced and
is still present where now more than 2000 members, pre-primary, primary, secondary, and
vocational schools are participating (Réti et al, 2015). The main standards and principles for this
system reinforce STEM education where transdisciplinary activities are arranged, connecting real-
life artists to the school, and meetings and team-building activities can all be seen in this school.
Teachers do attend STEAM-related training and workshops to further develop their skills and
techniques in their classrooms. Hungary does want to support its talented students where the
National Talent Program was created in 2008 to depict the recognition, assistance, and growth of
Hungarian talent. The Hungarian Parliament has been giving these opportunities to these students

since 2008 and will continue until 2028 to keep supporting them (Szabo et al, 2018).

Another institution that links visual arts with science is the Digital Craft Lab. The Digital
Craft Lab is meant to develop and research how arts and science should be connected and has three
varieties of activities. Firstly, its members create new technology and materials, create innovative
experiments, and then build these new technologies to create experience-based learning programs
for schools. STEM is certainly transformed into STEAM and Digital Craft Lab’s logo is “Be

STEAM”,

“Our main target of this programme is to develop a methodology that can generate the fusion of
knowledge sharing, can transfer modern educational contents, and can integrate them into public
education. It should be inquiry-based, so can contribute to the complex and procedural knowledge
building”.

The institution further develops creative problem-solving and ICT results, many exercises are
created for the development of their participants. They promote collaboration, interaction, drawing
skills, and knowledge about digital-creating technologies. They are trying to implement their
program into elementary schools specifically in subjects of mathematics and sciences. With the

application of the program into classrooms, students can generate and create visual works using
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new techniques which illustrates a positive reaction not only from students but teachers. However,
with all positive ventures, some negative aspects will turn up, for instance, teachers found time
management, planning, and resources (materials and Kits) to be an issue in completing these

activities (Szabo et al, 2018).

1.5 Hungary and Palestine in the Focus of STEAM Education

The decision to focus on Hungary and Palestine as research sites for the collection of data
in my Ph.D. thesis is rooted in a deliberate and comprehensive consideration of various factors,
including their socio-political contexts, educational systems, and the potential for enriching the
scholarly discourse in my field of study. Hungary stands as a compelling research site due to its
unique position within the European Union and its rich history of educational reforms and policy
developments. As a Central European country, Hungary offers a nuanced perspective on
educational practices and policies within the broader European context. Its recent educational
reforms, such as the introduction of the National Core Curriculum and efforts to enhance teacher
training programs, present an opportune moment for in-depth examination and analysis.
Furthermore, Hungary’s diverse educational landscape, encompassing both public and private
institutions, demonstrates the exploration of the complexities of educational governance,
curriculum implementation, and student outcomes. Conversely, the choice of Palestine as a
research site stems from its distinctive socio-political context and the profound impact of conflict
on its educational system. Palestine’s educational landscape reflects the intersection of historical,
cultural, and geopolitical influences. The ongoing challenges faced by Palestinian students and
educators, including restrictions on movement, resource constraints, and the politicization of
education, underscore the urgency and relevance of scholarly inquiry into the dynamics of

educational development. Moreover, Palestine’s commitment to educational advancement,
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evidenced by initiatives to strengthen curriculum development and diverse teaching
methodologies, presents an opportunity to examine the efficacy of educational interventions in
promoting sustainable development. Furthermore, my interest in exploring different perspectives
from secondary teachers and students regarding STEAM education played a significant role in
selecting Hungary and Palestine as research sites. | aim to provide a holistic understanding of the
challenges, opportunities, and perceptions surrounding STEAM education in diverse socio-cultural
contexts. Through rigorous data collection and analysis, | seek to uncover insights from the
participants regarding STEAM and ultimately, my research endeavors to advance scholarly

knowledge.

1.6 Problem Statement

This research investigates Hungarian and Palestinian teachers' and students' perceptions of
STEAM education by exploring its effectiveness and examining the support for STEAM. Studies
have found that integrating a STEAM-based curriculum can be impactful by understanding
complex concepts and making real-world connections through this inquiry-based approach (Gross
& Gross, 2016). Education needs always to be updated and modernized to provide students with
triumph and achievement in their lives and this could be achieved with STEAM implementation
(Diaz & Hernandez, 2002). Despite the growing interest and popularity of STEAM education, there
is limited knowledge about effective instructional practices, the challenges associated with
STEAM instruction, and how to integrate STEAM appropriately. Most schools have not adopted a
STEAM curriculum due to district policies and an absence of professional development.
Nevertheless, research and literature strongly support STEAM and its effectiveness for the learner
(Huser, 2020). Since STEAM education is relatively new and not fully comprehensive, this

research aimed to gain a comprehensive understanding of teachers’ and students’ perceptions of
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STEAM education. The information acquired could offer valuable insights into opinions regarding

the value of STEAM education within secondary schools.

1.7 Significance of the Research

This research delves into the perceptions of teachers and students regarding STEAM
education focusing on its implementation, importance, and support for student development. It
proposes to improve scholarly research by investigating attitudes toward STEAM education. The
implementation of a STEAM model promotes interdisciplinary learning by engaging both logical
and creative aspects of the brain (Anisimova et al., 2019). The research emphasizes the importance
of understanding how to support and promote STEAM education in secondary schools. It poses
questions for educators and administrators on the necessary resources for effective STEAM
learning to prepare secondary school students with essential skills for their education and future
careers. Another goal is to also share the positive case studies and research on integrating and
utilizing STEAM in the classroom. Lastly, the research will utilize a qualitative approach to
investigate teachers’ and students’ perceptions of STEAM education. The research questions,
literature review, and theoretical framework steered the research to uncover insights into how
educators and students perceive STEAM education, its implementation, importance, and
challenges. Findings from this research can guide educators in accurately describing and
implementing STEAM, supporting the development of STEAM initiatives, and promoting student
interest in STEAM lessons. There is limited research in Hungary and especially Palestine on
teachers’ and students’ insights on STEAM education at the secondary level and this research aims
to display their perspectives and perceptions regarding the importance of STEAM education. As
mentioned, the research utilized a qualitative approach to collect and analyze data, beginning with

STEAM activities and observations with students and interviews with teachers and students
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conducted by the researcher. The outcomes of this study can positively influence perspectives on
STEAM education by motivating teachers to adopt new teaching methods and practices, as well
as, providing school administrators with a deeper understanding of the significance of STEAM
education for secondary students. The study participants included educators and students from

secondary levels from two schools in Hungary and three schools in Palestine.

1.8 Research Questions

These research questions were tackled and expectantly answered throughout the research
about STEAM education. What are the benefits of arts in education? How do the arts promote
stronger cognitive functions in individuals? What are the challenges of implementing STEAM in
the curriculum in Palestine and Hungary? What are the perceptions of teachers, administrators, and
students towards STEAM education? How do teachers and administrators view the implementation
of STEAM education in their schools? What are the differences between teachers’ and students’
perceptions of STEAM education? How can schools implement and integrate STEAM education?
Additionally, qualitative research questions were posed during interviews to gain deeper insights

into teachers’ and students’ perceptions and practices related to STEAM education.
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2. Theoretical and Conceptual Framework

2.1 Introduction

In the ever-evolving landscape of education, the integration of STEAM has emerged as a
foundation for adopting innovative thinking, problem-solving skills, and collaboration among
learners. The theoretical frameworks provided by Jean Piaget and Lev Vygotsky offer valuable
insights into the cognitive and socio-cultural dimensions of learning and development. This
research attempts to formulate a theoretical and conceptual framework for STEAM education by
combining the pivotal contributions of Piaget, Vygotsky, Dweck, Ryan and Deci, Fullan, and the
Conceptual Model of the P21 Framework for 21st Century Learning by illustrating pathways for
effective pedagogical practices and curriculum design. The thesis aims to address and integrate

these perspectives within the context of STEAM education.

-How can Piaget’s constructivist principles inform the design of STEAM learning experiences that

promote active engagement and conceptual understanding?

-What are the ways Vygotsky’s socio-cultural framework be applied to cultivate collaborative

learning communities and foster socio-cognitive development in STEAM disciplines?

By addressing these inquiries, this research endeavors to clarify the theoretical foundations
by supporting effective STEAM education practices, thereby empowering educators to cultivate a
new generation of innovative thinkers, problem-solvers, and collaborators to navigate the
complexities of the 21st-century global landscape. The thesis seeks to bridge the gap between
theory and practice by displaying the effectiveness of STEAM implementation in learning

environments that inspire creativity, resilience, and lifelong learning among students.
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2.2 Constructivist Theory

“The principal goal of education is to create individuals who are capable of doing new
things, not simply repeating what previous generations have done” - (Piaget, 1973).

Jean Piaget’s constructivist theory proposes that learners actively construct their
understanding of the world through interactions with their environment. The main themes of
Piaget’s framework are the concepts of “assimilation, accommodation, and equilibration ”, these
concepts explain how individuals merge new information with existing cognitive structures, thus
enabling intellectual growth. Combining Piaget’s constructivist perspective in STEAM education,
educators can design new learning experiences that challenge students to explore, experiment, and
engage in hands-on activities, therefore, developing a deep understanding of disciplinary concepts
and promoting metacognitive awareness. When students engage in creative, hands-on art activities,
they are passively receiving information, but actively creating, experimenting, and connecting with
the subject matter (Piaget, 1973). This active involvement enhances understanding and contributes
to lasting memory retention. STEAM education aligns with Piaget’s philosophy by fostering an
environment where students can actively engage in creative problem-solving which is a critical
skill for students’ learning development. Furthermore, the constructivist theory asserts that learners
actively construct their understanding through interactions with their environment and that
education should focus on creating individuals who are capable of innovative thinking (Piaget,
1973). This perspective aligns with interdisciplinary learning, as it encourages students to connect
concepts from diverse subjects, enabling them to build a comprehensive understanding of complex

issues.
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2.3 Socio-Cultural Theory

“Every function in the child's cultural development appears twice: first on the social level
and later on the individual level” —(Vygotsky, 1978)

Lev Vygotsky’s socio-cultural theory emphasizes the role of social interactions and cultural
items in shaping cognitive development. VVygotsky introduced the concept of the zone of proximal
development (ZPD), which describes the tasks that learners can accomplish with the assistance of
more educated and experienced learners. Moreover, Vygotsky portrayed the significance of
scaffolding where educators provide temporary support to facilitate learners’ development toward
independence in their learning. Through Vygotsky’s framework, STEAM education displays a
collaborative learning environment that fosters peer interaction, collective problem-solving, and
the ‘co-construction’ of knowledge. He describes how vital collaboration is and how students can
extremely benefit from it where they can describe their life experiences, skills, and different
approaches to learning. This idea is not a new concept, but the implementation of it into classrooms
is new where it strays away from the traditional way of learning. Students can put forth their
narrative context in the class to their classmates and teachers becoming more engaged in the
learning and creative experience (Thomas & Chan, 2013; Guyotte, et al. 2015). Furthermore,
Vygotsky’s sociocultural theory underscores the significance of social interactions and cultural
contexts in the development of human intelligence. Interdisciplinary learning mirrors this concept
by creating socially enriched learning environments where students collaborate, share ideas and
learn from one another’s perspectives. It nurtures an atmosphere of shared knowledge construction,
which resonates with Vygotsky’s belief in the social nature of learning and the importance of
cultural context in intellectual development. Lastly, Vygotsky’s sociocultural theory underscores

the role of social interaction and cultural context in cognitive development where these social
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interactions and cooperative learning enhance comprehension and influence long-term knowledge

retention.

2.4 Self-Determination Theory

Deci and Ryan (1985) are the founders of the Self-Determination Theory (SDT) and
explain how engagement is a product of three psychological needs: “autonomy, competence, and
relatedness . This theory asserts that when these needs are met learners are more intrinsically
motivated and more engaged in their learning. Autonomy enables students to have a sense of choice
and control, competence reflects their feeling of understanding, and relatedness refers to their need
for social connections. Recent research has provided large evidence supporting the role of SDT in
raising engagement and emphasizing the importance of satisfying these fundamental psychological
needs to create an engaging learning environment (Deci & Ryan, 1985). Fredricks et al. (2004)
have identified various dimensions of engagement including behavioral, emotional, and cognitive.
Behavioral engagement includes active participation in classroom activities, emotional
engagement pertains to students’ reactions to the learning environment, and cognitive engagement
is tied to their mental effort and investment in learning. Lastly, engagement in education is a
concept that has evolved and is increasingly recognized as a multi-layered construct that goes
beyond mere participation and touches upon intrinsic motivation, psychological needs, and the

depth of cognitive involvement.

2.5 Growth Mindset Theory

Carol Dweck’s groundbreaking work on the growth mindset theory theorizes that
individuals who believe that their abilities can be developed through dedication and hard work are

more likely to embrace challenges and persist in the face of setbacks (Dweck, 2006). The arts
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associate effortlessly with this theory by encouraging students to view mistakes as opportunities
for growth. In the process of creating art, students often encounter obstacles, make revisions, and
learn from their errors. These experiences foster a resilient attitude and a willingness to tackle
complex tasks. STEAM education caters to this theory by providing a variety of opportunities for
students to express their understanding and creativity in different STEAM activities. Students with
varying talents, whether in visual arts, performing arts, or creative writing can find a platform for
their unique abilities. This diversity in artistic expression reinforces the idea that growth and
development can occur in different forms promoting a comprehensive understanding of the growth
mindset. Contemporary educational psychology has highlighted the role of self-regulated learning
in the development of a growth mindset (Zimmerman, 2000). The arts encourage students to take
ownership of their learning by setting goals, reflecting on their progress, and making adjustments
as necessary. In the work by Gordon Gyori (2020), shadow education is narrowly defined as fee-
based educational activities outside the regular school environment. Following this definition, it
delves into theoretical discussions and highlights key research directions where he proposes a fresh
perspective to gain an understanding of certain aspects of shadow education and related phenomena
through the lens of “educational behavioral science”. This field combines psychological,
sociological, economic, behavioral, and educational viewpoints. Gyori suggests that this
multidisciplinary approach can help in comprehending the evolving and increasingly influential

role of shadow education in learning and teaching (Gordon, 2020a).

2.6 The Change Theory

Michael Fullan’s Change Theory highlights the importance of combining capacity building
with accountability for effective educational change. Fullan’s model of reform works at the school,

community, and district levels by explaining the need for clarity, communication, and policy
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support for change. The Change Theory recommends four phases: initiation, implementation,
continuation, and outcome which are vital to the success of a STEAM program. Fullan’s
understandings portray the significance of ongoing support, professional development, and

resource allocation to integrate STEAM successfully into the education system.
2.7 The Framework for 215t Century Learning

The Framework for 21 Century Learning addresses the evolving demands of a globalized
world and shows some key components: Key Subjects, Learning and Innovation Skills,
Information, Media and Technology Skills, and Life and Career Skills. The framework emphasizes
interdisciplinary themes within key subjects promoting critical thinking, creativity, and
collaboration. As the world is rapidly changing, these skills are crucial for students’ success, by
pushing adaptability, problem-solving, and effective communication. The Framework for 21
Century Learning offers a comprehensive approach to preparing students for the challenges of the
modern workforce and aligns with the objectives of STEAM education. Therefore, both the Change
Theory and the Framework for 21% Century Learning demonstrate the use and importance of
implementing STEAM education. The principles obtained from these frameworks inform the
study’s exploration of teachers’ and administrators’ perspectives on STEAM, supporting the

development of innovative, problem-solving, and collaborative skills among students.

Figure 2 portrays the Conceptual Model of the P21 Framework for 21st Century Learning,
illustrating 21st Century Student Outcomes and Support Systems (Partnership for 21st Century
Skills, 2013). According to Remake Learning (2016), the learning environment enables teachers
and administrators to use a STEAM-based approach to create meaningful learning experiences.
Professional development is essential to integrate these skills and uphold the initiative. The main
subjects and 21%t Century themes encompass English (reading or language arts), World Languages,
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the Arts (music or visual art), mathematics, economics, science, geography, history, government,
and civics (Partnership for 21st Century Skills, 2013). Life and career skills encompass flexibility
and adaptability, social and cross-cultural skills, leadership and responsibility, and productivity and
accountability. In the Learning and Innovation Skills domain, students are encouraged to
collaborate effectively, think creatively, innovate in their work, and communicate ideas clearly
(Miller et al, 2023). Integrating the Information, Media, and Technology Skills domain in a
STEAM-based approach helps students develop information, communications, and technology

literacy, enabling them to use information accurately and creatively for their projects or issues.

Core Subjects and Information,
21st Century Themes Media, and
Technology

Life and
Career Skills

Skills

Figure 2: P21 Conceptual Framework for 215 Century Learning. Source: (Partnership for 21st Century Skills, 2013)

2.8 Conclusion

In conclusion, the theoretical and conceptual framework chapter of this Ph.D. thesis has
served as a foundational keystone, providing a comprehensive combination of theoretical
perspectives and conceptual frameworks that reinforce the study’s overarching research objectives.
This chapter has explained the theoretical foundations that inform the study’s approach,

methodology, and interpretation of findings. The research drew upon diverse theoretical
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approaches and conceptual frameworks that sought to construct a holistic understanding of the
complexities essential within the study. Furthermore, the theoretical and conceptual framework
chapter has underscored the significance of interdisciplinary perspectives and demonstrated

insights from diverse disciplines.
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3. Systematic Literature Review

This systematic literature review delves into different bodies of work of articles and books
on STEAM (Science, Technology, Engineering, Arts, and Mathematics) education in the context
of secondary schools. STEAM education is recognized as a fitting response to the challenges of
the 21% century, and STEAM learning emerges as a pedagogical method that connects necessary
and crucial skills for learning development. The majority of sources collected indicate that adopting
STEAM enhances creativity, problem-solving abilities, scientific inquiry, critical thinking, and
other cognitive advantages among learners. The literature explores the positive influence of
STEAM learning displaying how students are actively learning and centred around a student-
learning approach. When teachers integrate STEAM, it is found to positively impact children
through enhanced professional learning. The literature also explores how when students learn
through STEAM it can contribute to boosting their self-confidence, integrating a spectrum of skills,
and building knowledge about the world. The goal of this systematic review is to explore

progressive learning approaches in education when incorporating STEAM.
3.1 Introduction

STEAM is an educational strategy that combines insights from science, technology,
engineering, arts, and mathematics to tackle real-world issues encountered by students. This
approach aligns with the contemporary necessity for comprehensive and interconnected learning
essential for navigating the complexities of the 21% century (Yakman & Lee, 2012). Due to the
rapidness of science and technology, educational trends need to be in pace with these fields. This
leads to change and people need to adhere to these changes to develop. When viewing education,

these rapid changes need to commence from early childhood in the curriculum and learning
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environment (Draper & Wood, 2017). Early childhood education needs to utilize new tools and
methods to encourage new skills such as creativity, critical thinking, collaboration, communication,
technology skills, social skills, and knowledge. All these skills are vital and should be guaranteed
from a young age to develop their skills and knowledge for the future. Children have a hard time
learning from traditional approaches, but by using and implementing new methods children will
have a better grasp and understanding (Purakom & Soykeree, 2017). This type of education offers
students the essential knowledge and interdisciplinary view to solve a problem (Vasquez, et al.
2013). Therefore, art-based methods are as important as science or math and this mindset needs to
be shifted and added in STEM to become STEAM (Dejonckheere, et al. 2016). This approach is
gaining momentum globally with promising outcomes reported across various educational settings.
Many countries are actively promoting STEAM integration across all levels of education.
Integrated STEAM education is often regarded as a more holistic and well-rounded approach

compared to its predecessor, STEM.

STEAM education has become more popular and relevant in today’s education, where many
researchers and studies have depicted the importance and benefits of integrating STEAM education
in curriculums which was first introduced in Indonesia and the United States in 2007 (Perignat &
Katz-Buonincontro, 2019; Han & Lee, 2012). STEAM education teaches through activities from
all grade levels, from kindergarten to post-doctoral studies. STEAM education promotes optimistic
results for students learning. Jolly (2016) describes how STEM and STEAM are competing against
each other, however, they should not be competing they should rely on each other and show the
strengths of each subject. Teachers and educators consider when learning through STEAM,
students will be more involved and enthusiastic about the lesson and develop their critical thinking

skills (Tippett & Milford, 2017).
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To progress towards the inclusion of arts within integrated STEAM education, it’s imperative
to clarify their current status. This demands a comprehensive understanding of how arts are
integrated into STEAM initiatives to fully influence their educational potential. This study
undertakes a systematic review of STEAM proposals targeting secondary education levels, where
the theoretical foundations of STEAM have seen notable advancements. The goal is to discern the
attributes of STEAM educational plans concerning arts education and evaluate the influence of
integrated STEAM education on the development of artistic competencies. Many research findings
have linked the importance of introducing new and creative methods in education, and highlight
the necessity of adapting to the constantly changing interdisciplinary approaches in teaching. This
new adaptability to teaching and learning is influenced by technological advancements and socio-
cultural and political factors. This change is seen as fundamental for equipping both learners and
educators to succeed in an evolving world depicted in studies by OECD (2019), Schleicher (2018),

and Tait & Faulkner (2016).

3.2 Research Questions

This dissertation aims to contribute to the understanding of STEAM education by
examining various qualities and dimensions. STEAM education represents an interdisciplinary
approach that integrates these core disciplines, fostering creativity, critical thinking, and innovation
among students. Despite its growing popularity, there remain significant gaps in our understanding
of the effectiveness, implementation, challenges, and broader implications of STEAM education.
Therefore, the research questions presented below have been formulated to guide the inquiry into

STEAM education and to address these complexities.

RQ1: How do existing educational policies and frameworks support or hinder the implementation
of STEAM education initiatives?
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RQ2: What professional development opportunities are necessary to support teachers in effectively
implementing STEAM pedagogy in their classrooms?

RQ3: What is the impact of integrating art-based methods within STEAM education on students’
engagement, creativity, and interdisciplinary learning outcomes?

RQ4: How do educators perceive the role of art-based approaches in enhancing STEAM education,
and what are the challenges and opportunities they encounter in implementing such methods
effectively?

RQS5: To what extent does the incorporation of art-based activities in STEAM education foster
critical thinking skills, problem-solving abilities, and innovative thinking among students, and how
do these outcomes compare to traditional STEM-focused approaches?

These research questions outlined above allow for the exploration of the multifaceted nature of
STEAM education and its potential impact on student learning. This dissertation attempts to obtain
information from other researchers, articles, and books to portray the effective implementation of
STEAM education and investigate its implications to prepare students for future success and

contribute to broader educational goals.

3.3 Methods

A systematic literature review provides an overview of the literature in a particular field,
including the main ideas, models, and debates (Petticrew & Roberts, 2006). Systematic reviews
aim to compile the results of numerous primary research studies on a particular subject while
attempting to minimize both bias and random error (Cook et. al, 1997). This thesis aims to conduct
a systematic literature review that examines studies related to STEAM learning in secondary
schools. The literature was chosen from online sources, including books and journal articles.
Searches were conducted through JSTOR, SCIENCE DIRECT, ERIC, and Scopus indexed open
access journals, using keywords such as STEAM education, art education, art-based methods,
STEAM integration/implementation, art in STEAM, and STEAM in secondary schools. These
terms were strategically chosen to enhance the precision of the search to capture the importance of

STEAM education. The specific terms and their combinations were adjusted as needed for different
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databases to ensure a comprehensive and targeted search. The sources found were mostly published
between 2007 and 2023. A summarized table is displayed below when searching for literature

regarding STEAM education.

Year of Publication 2006-2023

Databases JSTOR, SCIENCE DIRECT, GOOGLE, SCOPUS, ERIC

Types of Document Books, articles, chapters

Subject STEAM education

Keywords STEAM, art integration, art-based methods, STEAM
integration/implementation

Table 1: The chosen literature for the systematic review

After examining the titles, abstracts, and keywords of articles, the following criteria were
used for inclusion: Articles must contain the specified search terms in their titles, abstracts, or
keywords. The focus of the article should be on STEAM education. The article should focus on
integrating STEAM and implementation with primary or secondary education students. Articles
should discuss art education and using different art-based methods in STEAM, and lastly, articles
should examine the outcomes and challenges of STEAM education. Following this process, after
researching, collecting literature, and reading through the literature, 172 articles were selected and

used for full-text examination regarding the mentioned criterion.

3.4 Results

Certain articles and books were reviewed and examined to be used for this review. The
sources used were assessed for relevancy to the topic of STEAM education and art integration.
Articles and a few books, which accumulated to pieces of literature, were utilized and coded to find
similarities. The table below depicts the categorization of the goal of STEAM education, challenges
of STEAM, different STEAM definitions, art in STEAM, art education, STEAM integration, art-

based research and methods, STEAM implementation, and STEAM outcomes. Coding and
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categorizing were the most appropriate and applicable approaches to analysis. Table 2 demonstrates

the sources used to acquire the relevant information.

Section Results n Example Sources
Goals of STEAM An approach to promote new insights and creations by Kant et al., 2018; Quigley & Herro, 2016; Bush
education combining STEM subjects and the arts. STEAM 24 et al., 2016; Sharapan, 2012; Keane & Keane,
develops students’ creativity, problem-solving skills 2016; Peppler & Wohlwend, 2018; Katz-
in real-world settings, and active learning. Buonincontro, 2018; Long & Davis, 2017
Different STEAM Transdisciplinary STEAM education implies the Liao, 2016; Glass & Wilson, 2016; Quigley et al.,
Terms complete integration of all disciplines. 2017; Chung et al., 2022
Interdisciplinary learning integrates multiple academic 49 Togou et al., 2020; Lu & Ma, 2019; Maeda, 2013;
disciplines into a unified educational approach. Nguyen et al., 2020
Art integration is a teaching approach where students Silverstein & Layne, 2010; Marshall, 2014; Long
learn and understand through art. II & Davis, 2017; Perignat & Buonincontro,
2018; Yakman, 2008; Yakman & Lee, 2012
Different Art-Based Performing Arts: Students can collaborate, present, Colucci-Gray et al., 2019; Segarra et al., 2018,
Methods attain confidence in learning, and improve their Novék, 2019.
communication skills.
Visual Arts: Visual arts allow children to observe two-
dimensional and three-dimensional works which 17 Camargo et al., 2020; Chen & Huang, 2020; Oh
improves effective learning and engagement in STEM et al., 2013; Timotheou & loannou, 2019; Wang
disciplines. etal., 2018
Music: Enhance students’ attitudes toward the subject
and offer an authentic and creative learning experience. Wellington et al., 2020; Milne & Calilhanna,
2019; Engelman et al., 2017
Boice et al., 2021; Mastrorilli et al., 2014; Mishra
& Henriksen. 2013; Art, 2013; Marmon, 2019;
STEAM Integration & Proper and positive implementation of STEAM in 31 Boytchev & Boytcheva, 2020; Madden et al.,
Implementation elementary, secondary, and university settings. 2013; Delaney, 2014; Tesconi & de Aymerich,
2020; Callahan, 2019; Morton et al., 2017; Park,
2014; Timotheou & Ioannou, 2019; Zaratin, 2020
STEAM Outcomes Creativity involves the conceptualization of new ideas, Lutenist, 2012; Friedman, 2010; Kampylis &
originality, and purposeful uniqueness Berki, 2014; Taylor, 2016
Collaboration promotes group learning by aiding and Bequette & Bequette, 2012; Guyotte et al., 2014;
developing students’ thinking, oral communication, and Hattie, 2012; Tait & Faulkner, 2016
leadership skills.
Innovation encourages students to tackle challenges in Ritchhart, 2015; Wagner, 2012; Meyer & Turner,
their learning and problem-solve in diverse ways. 2006
Design Thinking is a method used for creative problem- 51 Bush et al., 2016; Gross & Gross, 2016; Boy,

solving and is found in STEAM education

Project- Based Learning allows students to engage in
real-world projects to deepen their understanding and
knowledge

2013; Brophy et al., 2008

Knapp, 2018
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Engagement- Effective STEAM education programs Engelman et al., 2017; Upitis, 2011
must prioritize student engagement through the use of
hands-on and real-world activities

Critical thinking is when students apply their existing Demirel, 2012; Seferoglu & Akbiyik, 2006;
knowledge. Howard et al., 2015
Growth mindset theory explains an individual’s Dweck, 2006

abilities and intelligence can be developed through hard
work, and learning from failure

Table 2: Results of Systematic Review on STEAM Education. Source: (Author)
3.5 Discussion
3.5.1 Goals of STEAM Education

Two main perspectives emerge regarding the purpose of STEAM education. The first
perspective highlights the integration of broad skills such as creativity, problem-solving,
interdisciplinary knowledge, and encouraging innovative ways of understanding. Shifting from
STEM learning to STEAM, there was a strong prominence on engaging minority and female
students. For instance, Kant et al. (2017) conducted an empirical study focusing on Native
American girls, claiming that STEAM education promotes interest in STEM studies and careers
among indigenous students. Similarly, Quigley and Herro (2016) mention STEAM’s goal of
involving the arts to attract students who typically shy away from STEM fields. Bush et. al (2016)
discuss how mathematics-focused STEAM projects, highlighting the emerging literature on
integrating arts into STEM engage diverse learners. Keane and Keane (2016) stress the need for all
students to develop mathematical, scientific, and creative skills for increasingly technology-driven
jobs. Sharapan (2012) explains how STEAM integrates arts into STEM curricula to facilitate
children’s expression of STEM concepts. Peppler and Wohlwend (2018) argue that STEAM
approaches promote new insights and creations that transcend individual disciplines by combining
STEM and the arts. Studies demonstrate that STEAM education develops children’s active
engagement and empowers them to take initiative in applying their knowledge to boost their self-

confidence (Wahyuningsih et al., 2018). Kim and Kim (2016) propose three key learning criteria
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for STEAM education: situational context, creative problem-solving, and emotional engagement.
The situational context involves experiencing the need to solve real-world problems, creative
problem-solving encourages students to develop their solutions, and emotional engagement sparks
students’ enthusiasm for tackling new challenges through interest, motivation, and the satisfaction
of success. Bequette and Bequette (2012) advocate for seeing arts as a valuable goal in STEAM
education because it promotes cross-disciplinary learning in various educational settings. Gettings
(2016) stresses STEAM’s potential for contextual learning by overlapping subjects to deepen
understanding. STEAM education embraces a holistic approach to learning by catering to the needs
of the “whole child” by addressing their social, emotional, and academic requirements (Connelly,
2012; Katz-Buonincontro, 2018). This educational framework has the potential to cater to
individual student needs due to its student-centered and open-ended nature, providing multiple
entry points for students of varying abilities and levels of proficiency. Ejiwale (2012) emphasizes
the importance of offering open-ended learning activities, granting students the freedom to explore
and experiment based on their interests and learning preferences. Long II and Davis (2017)
emphasized the significance of STEAM education in society stressing its role in nurturing
innovation and fostering creative problem-solving skills among students. Anthony and Ogg (2019)
illustrated how STEAM education facilitates a deeper comprehension of science through its
practical applications in real-world contexts. Jamalian (2018) argued that integrating arts into
STEM disciplines empowers learners by stimulating problem-solving abilities and encouraging
creativity. Furthermore, Mace (2018) suggested that STEAM education promotes collaboration,
widens the scope of artistic expression, and enhances female participation and engagement in
STEM subjects. Implementation of STEAM education at a college level, as seen at RISD, has
allowed graduates to excel in both traditional arts and nontraditional fields promoting their artistic

perspectives effectively (Allina, 2018). The STEAM curriculum at RISD encouraged innovation
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by implementing an empowerment-focused approach. The RISD model facilitates individual
agency, enabling students to acknowledge and embrace their unique perspectives in creative and
critical thinking (Allina, 2018). STEAM education displays an open-ended inquiry approach and
offers numerous benefits. Leszczynski et al. (2017) identify both advantages and challenges
associated with this approach, firstly, students may experience feelings of uncertainty and
confusion. However, the nature of open-ended inquiry-based projects parallels the real work of
scientists, requiring collaboration, resource allocation, and interdisciplinary problem-solving

(Leszczynski et al., 2017).

Presently, there is a scarcity of research tackling the development process and efficiency of
STEAM-based curricula, as noted by Ghanbari (2015) and Herro and Quigley (2016). Herro and
Quigley (2016) show the scarcity of in-depth documentation on STEAM education, therefore, they
conducted a case study involving middle school teachers’ perspectives regarding STEAM.
Ultimately, there is a pressing need for case studies focusing on elementary or secondary-level
STEAM-based institutions or programs, specifically examining curriculum and instruction, to
provide educators with a workable model for STEAM education. As much as researchers strive for
STEAM education to be implemented in schools there are many challenges that teachers and
educators face. Norton and Hathaway (2015) explain that teachers have a difficult time being
creative and innovative in their classrooms and Kirschner (2015) agrees with this concept because
he posits how 2 1st-century education is challenging and the traditional forms of education are being
left in the past for advanced forms of teaching. Consequently, 21st-century teachers need to be
imaginative and inventive in their teaching to have a creative learning experience for their students
(Henriksen, et al. 2019). STEAM education needs to have a design structure to benefit the students

and teachers and teachers need to come together to find better ways and ideas to integrate STEAM
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into curricula focusing on students’ creativity, individuality, connecting them to real-life instances
and experiences, project-learning, and cooperation (Sawyer, 2011; Henriksen, et al. 2019).
Additionally, there are not enough tools and resources for teachers to fall back on when
implementing STEAM into their classrooms (Henriksen, et al. 2019). Another aspect to keep in
mind when trying to integrate arts into classrooms is the teachers with not much background in art.
These teachers do not know where to commence when attempting to use arts in their classrooms,
therefore, the school needs to aid these teachers with the proper resources, materials, and
workshops to be accustomed to the arts. Sustainability is a crucial challenge for STEAM education
because many innovative initiatives are run as part of after-school or summer youth programs and
workshops. Programs within the school environment are often part of funded projects or short-term
projects within schools participating in STEM/STEAM challenges (Chung et al., 2022). A
coordinated approach that integrates STEAM learning into school-based curricula is recommended
to ensure access for all learners and prevent the loss of potential from innovative initiatives.
Another challenge is the need to enhance the overall quality of STEAM education research,
particularly in studies focusing on the use of emerging technologies in STEAM education. As
STEAM education is a relatively new and emerging field, these limitations are not unexpected, but
their identification emphasizes the crucial need for adopting robust methodologies to study the
effects of emerging technologies on students’ learning in STEAM education. The present research
also has limitations. Some extracted studies lacked adequate reporting of settings, study design
characteristics, and participant demographics, restricting the depth of inferences that could be
drawn. The emerging nature of the field may have resulted in incomplete capture of instances of
good practice due to poor dissemination and recording, despite efforts to include grey literature,

selective publication bias could still be a factor.
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3.5.2 Different STEAM Terms

Transdisciplinary Learning

The majority of the articles initially introduced the concept of STEAM as an acronym for
Science, Technology, Engineering, Arts, and Mathematics. However, there are various descriptions
of the STEAM concept in the reviewed literature, three terms were identified: transdisciplinary,
interdisciplinary, and art integration (Marshall, 2014). Transdisciplinary STEAM education
involves the complete integration of disciplines without any boundaries, with lessons dealing with
authentic problems or inquiry (Liao, 2016; Glass & Wilson, 2016; Quigley et al., 2017). Chen and
Huang’s (2020) unit primarily focused on students’ knowledge of transportation but drew on
aspects from other disciplines, qualifying as transdisciplinary. Kim and Park (2014) posit that
STEAM education should witness the convergence of five domains within a single class,
emphasizing problem-solving rather than a mechanical combination of disciplines. Some studies,
despite articulating the goal of applying prior knowledge, appeared to mechanically combine
different STEAM components. For instance, in developing an iSTEAM course for high school
students studying electronic science and engineering, Chung et al. (2022) set learning goals
encompassing all disciplines, requiring students to apply existing knowledge and develop new
knowledge. Whether classified as transdisciplinary or interdisciplinary, these studies serve as
examples of explicit integration of the STEAM approach across various disciplines. STEAM is not
solely interdisciplinary but can also be characterized as transdisciplinary, as it surpasses the
confines of individual disciplines (Costantino, 2018; Herro & Quigley, 2016; Kreber, 2008). Within
a transdisciplinary framework, students possess the ability to apply their knowledge across
disciplines and tackle creative challenges both within and beyond classroom settings (Gess, 2017;

Liao, 2016). STEAM equips students with skills such as critical thinking, problem-solving,
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collaboration, communication, creativity, and innovation, which can be transferred to diverse
contexts (Liao et. al, 2016). The transdisciplinary approach in STEAM education is highly
esteemed by educators and learners alike, as it enables students to approach problems or design
processes from multiple perspectives applicable to real-world scenarios (Costantino, 2018).
However, implementing a transdisciplinary approach in the classroom can pose challenges, as
teachers need expertise across various content areas to create authentic learning experiences (Herro
et. al, 2017). Kim et al. (2019) introduced a center as an institute for transdisciplinary arts-STEM
collaborations, emphasizing the rarity of opportunities for collaboration between musicians,
technologists, and research institutions, and the significance of accessible opportunities for such
open-ended and long-term collaborations. Scholars such as Gulliksen (2016), Pallasmaa (2009),
and Patton & Knochel (2017) have underlined the importance of engaging the sensory aspect of
learning by suggesting that it plays a vital role in understanding our physical and mental capacities
which is essential for human exploration, inquiry, and innovation. Insights into transdisciplinary
STEAM practice draw from Carol Dweck’s (2008) research on growth mindsets displaying that
STEAM skills can be nurtured and developed. Perignat and Katz-Buonincontro (2019)
distinguished between transdisciplinary and interdisciplinary STEAM studies, with the former

fully integrating all components for authentic problem-solving and inquiry.

Interdisciplinary Learning

A study by Togou et al. (2020) deems STEAM as more interdisciplinary as they taught
physics and math concepts to students through the engineering design and fabrication of 3D mini
rockets. This complexity arises from the traditional structure of education, which often
compartmentalizes subjects. STEAM, a combination of STEM and art and design thinking,

signifies the integration of artistic and design perspectives into an interdisciplinary curriculum
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encompassing science, technology, engineering, and mathematics (Lu & Ma, 2019; Maeda, 2013).
Art-based methods promote interdisciplinary learning by combining the analytical thinking of
STEM with the creative thinking of the arts. Teachers appreciate that this approach helps students
make connections between seemingly unrelated subjects. Interdisciplinary learning, which
integrates multiple academic disciplines into a unified educational approach, is strongly grounded
in various educational theories that emphasize the importance of holistic and interconnected
knowledge acquisition. This perspective aligns with interdisciplinary learning, as it encourages
students to connect concepts from diverse subjects, enabling them to build a comprehensive
understanding of complex issues. By synthesizing knowledge from various disciplines, students
can engage in creative problem-solving and critical thinking, hallmarks of Piaget’s constructivism.
Interdisciplinary learning mirrors this concept by creating socially enriched learning environments
where students collaborate, share ideas and learn from one another's perspectives. Interdisciplinary
learning recognizes and accommodates these varied intelligence by allowing students to engage
with subjects in ways that resonate with their unique strengths. Interdisciplinary learning
emphasizes the collaboration and integration of knowledge across different disciplines to provide

a holistic perspective (Nguyen et al., 2020).

Arts Integration

Many authors use the term arts-integration, Liao (2016) states that arts-integration is a
pedagogical approach predating the concept of STEAM and warns against potential confusion
when discussing the same content and ideas under different terms. Arts integration is a teaching
approach wherein students construct and demonstrate understanding through art. Through a
creative process, students connect an art form with another subject area achieving objectives in

both domains (Silverstein & Layne, 2010). Marshall (2014) characterizes Silverstein and Layne’s
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definition of arts integration as multi-modal arts-based learning, which exceeds the notion that art
production merely serves as a teaching and learning strategy for other subjects. Marshall further
suggests that arts integration constitutes a transdisciplinary field because it exceeds disciplinary
boundaries. The inclusion of arts (A) in STEM transforms STEM into STEAM, emphasizing the
importance of creativity, artistic expression, and holistic learning in STEM education (Long I,
Davis, 2017; Perignat & Katz-Buonincontro, 2018). The theory of Multiple Intelligences,
developed by Howard Gardner, defines the existence of eight distinct intelligences: “naturalist,
spatial, linguistic, intrapersonal, interpersonal, musical, logical-mathematical, and bodily-
kinesthetic” (Gardner, 1983). Gardner challenges traditional views by asserting that individuals
possess a broader range of abilities and are not confined to a single intelligence. This theory
emphasizes the connection of these intelligences and their application in problem-solving and
understanding diverse content areas (Rabalais, 2014). Gardner suggests that individuals can draw
upon one or multiple intelligences to tackle tasks, theorize solutions, and navigate different
domains which raises a holistic approach to learning (Gardner, 2011). STEAM represents an
instructional approach centered on the advantages of integrated learning. However, in practice, the
arts are often sidelined within arts integration practices in mainstream classrooms focusing on the
‘core’ subject(s) (LaJevic, 2013). Furthermore, according to Riley (2013), the arts are frequently
relegated to enhancing lessons rather than serving as a means of fostering understanding and
communication. Despite the positive claims regarding the significant benefits of integrating the
arts into STEM education (Catchen & DeCristofano, 2015), many within STEM fields perceive the
arts as lacking objectivity. This perspective may contribute to a lack of enthusiasm to embrace the
term STEAM because it removes the attention from STEM (Dunning, 2013; May, 2015). Educators
should approach discussions of STEAM with concern, especially using the term art integration

because it can demonstrate the arts not as a distinct subject area, but merely as a tool for teaching
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STEM subjects. When stressing on the term arts integration within STEAM it could lessen the idea

that all subjects should be regarded as equal within the framework of arts integration.

Many articles discuss the integration of arts education typically refer to including visual or
performing arts, design processes, techniques of various mediums, and critiquing final products.
This perspective values the arts for fostering imagination and expressivity, with an emphasis on
introducing new concepts and possibilities. Some of these articles also refer to National Core Arts
Standards or Studio Habits of Mind, which are specific habits identified by art educators to promote
creativity and skill development in art classrooms. Some articles explain that the purpose of
incorporating the ‘A’ in STEAM is to encompass non-STEM disciplines such as the liberal arts
and humanities. Yakman (2008, 2012) introduces the concept of STEAM, written as STZ@M, from
the perspective of an integrated curriculum. In her framework, an integrated curriculum breaks
away from the limitations of discipline-based education. STX@M offers a structured curriculum
framework that integrates traditional academic subjects within an interdisciplinary context. She
defined it as “Science and Technology, interpreted through Engineering and the Arts, all based in
a language of Mathematics ’(Yakman, 2008, p.21). In this perspective, the ‘A’ in STEAM includes
all the arts, humanities, and social sciences which accents a comprehensive approach to the
curriculum (Yakman & Lee, 2012). Yakman further argues for the significance of all subjects, and
that students should be exposed to each. However, in the STEAM Pyramid framework by Yakman,
these subjects are not equally prioritized; rather, they constitute one-fifth of an integrated
curriculum still primarily focused on STEM disciplines. Yakman promotes the integration of
various subjects through a shared project and allows individual subjects within the STEAM

curriculum to be taught by different educators. Consequently, the implementation of this concept
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may not be apparent to those without access to such professional development and curriculum

resources, thus raising questions about its practical application in daily school curricula.

Life-Long
Holistic

/ STZ@M

Figure 3: STEAM Pyramid. Source: (Yakman, 2008)

Quigley et al. (2017) distinguish between the plural ‘Arts’ referring to liberal arts
disciplines, and the singular ‘Art’ encompassing visual, musical, and performance art. It's worth
noting that this delineation differs from definitions provided by the National Coalition for Core
Arts Standards (2013) and the National Art Education Association (2016). Clapp and Jimenez
(2016) propose three interpretations of the ‘A’ in STEAM: arts as a discipline, arts as aesthetics, or
arts as creativity and innovation in STEM. Some articles either lack a specific definition of the ‘A’
beyond the term ‘Arts’ or define the ‘A’ as ‘Arts’, but use it interchangeably with project-based
activities, basic drawing or painting tasks, technology-based activities, or any form of building or
making of a final project where students do not explicitly learn about the arts (Choi & Behm-
Morawitz, 2017; Corbi & Burgos, 2017; Grinnell & Angal, 2016). In such cases, the concept of

arts leans more towards technological aspects. Watson and Watson (2013) refer to “artistic
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thinking” as the added ‘A’ in STEAM, aiming to stimulate innovative problem-solving through
creative thought processes. Another example is an article by Moyer and Miller (2017), which
describes a STEAM project focusing on environmental concerns and includes elements like painted
rocks and a mural (used to conceal a propane tank), suggesting representation of the ‘Arts’
component within the project. Art is the application of human creativity, imaginative skills, and
innovativeness. When art is implemented in education it can aid in the learning process through
visual, tangible, and performing arts. This form of education has become popular and educators are
portraying the importance of arts in education. Art education has a lot of benefits for the students,
for instance, better cognitive skills, and improvement in comprehension, and communication.
Gadsden (2008) expressed the significance of art by stating that by learning through the arts
students approach learning from a different perspective and experience. It allows students to be
more engaged in their learning and learn through multi-layered ways. Furthermore, Richard and

Treichel (2013) discuss art integration as an,

“Instructional approach used by teachers to work collaboratively to teach the content and processes
of two or more subject areas, including one or more arts areas, and to increase the ability of students to
identify, create, and apply authentic learning connections” (p. 224).

The goals of art are progressively expanding to hold not only the appreciation and production of
artistic works but also design and media. Modern curricula now prioritize a comprehensive
understanding and influence over the visual environment. While creativity remains a central theme,
there is a growing emphasis on cognitive development. The curricula stress the practical relevance
of the discipline in the professional world by seeking to distance it from its previous perception.
Art educators aim to establish equal standing for art and design education alongside other
fundamental disciplines. Consequently, curricula function as support tools by positioning the
discipline as one that evolves and stays modern while being assessed by today’s educational

policymakers (Karpati, 2019).
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3.5.3 Different Art-Based Methods

Art covers various forms, such as drawing, painting, sculpture, architecture, music,
literature, drama, and dance. Art stimulates cognitive, social, emotional, and physical development
(Doyle, 2017). Students actively participate in music by singing, listening, moving, composing,
playing, and creating their instruments. Visual arts for students involve drawing, painting, and
diverse artistic activities. Art enhances daily life, promotes thoughts and emotions, and contributes
to holistic development (Maeda, 2013; Radziwill et al., 2015). Consequently, the question is how
can an individual become a scientist, engineer, or mathematician without these basic art skills? It
is very hard to imagine children and students not delving into and using arts in their studies. As
Edwards (2010) stated art has five main components literature, drama, music, dance, and visual

arts.

Performing Arts

Performing arts can highly benefit STEAM education because it allows students to
collaborate, present, and attain confidence in learning. It improves their communication skills and
go in hand with the scientific and technical aspects. One form of performing arts is theater, theater
i1s a form of art where individuals can express themselves by acting in a variety of styles and
methods that can be explained diversely among people. Theater is a great way to use in any science
setting because it allows students to get creative and use acting as a way to understand and explain
conceptual things; which leads to engagement to form discussions. This results in a student-
oriented form of the classroom rather than a teacher-centered one because it allows the students to
convey themselves and tell the story about a certain topic. Students can use a script provided by
the teacher to re-enact a certain scenario, but students should have the competence and freedom to
use improvisation. Improvisation allows students to create their understanding or ideas of a certain

topic and gives students the tools to think and articulate quickly. Additionally, when using drama
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it illustrates concepts or employs rhyming poems and songs for memorization purposes (Colucci-
Gray et al., 2017). Thus, how can theater benefit STEM education? Primarily, the theater is a great
way to use in any science setting because it allows students to get creative and use acting as a way
to understand and explain conceptual things; which leads to engagement to form discussions. This
results in a student-oriented form of the classroom than teacher-centered because it allows the
students to convey themselves and tell the story about a certain topic. Students can use a script
provided by the teacher to re-enact a certain scenario, but students should have the competence and
freedom to use improvisation. Improvisation allows students to create their understanding or ideas
of a certain topic and gives students the tools to think and articulate quickly. The next form of art
can be dance, dance is an excellent way for students to express themselves through movement.
Movement can be used “to convey the complexity behind human discoveries and knowledge in
science” (p. 3). The performing arts serve as a way for students to explore, interpret, and assess the
significance of their creative endeavors, through this students can pursue their ideas and uphold
their artistic vision (Michaud, 2014). The integration of drama into STEAM education fosters
social interactions and collaborative activities among participants (Dorion, 2009). Additionally,
Abed (2016) and Alrutz (2004) promote how drama develops collaborative learning experiences
and boosts students’ enthusiasm for scientific inquiry. Drama can serve as a channel for
comprehending scientific concepts (Dorion, 2009) and illuminating the methodologies of scientific
inquiry (McGregor, 2012, 2014). Cogswell and McLauchlan (2014) assert that drama serves as an
effective pedagogical tool, enabling students to articulate their thoughts and convey information
through artistic expression that complements cognitive processes. Drama activities in STEAM
classes allow students to enjoy using tools and working in groups to become more motivated in a
particular topic. In the Forum Theatre within the Theater of the Oppressed, students are encouraged

to step into different roles, perspectives, and scenarios adopting a space where they can explore
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and express their thoughts and emotions without fear of judgment. Through the theatrical medium,
individuals can delve into challenging themes, personal experiences, or societal issues by using
different characters and narratives that act as a buffer for open and honest self-expression. This
creates an environment where students feel safe to share their feelings, ideas, and perspectives

leading to a more inclusive and supportive educational setting (Novak, 2019).

However, the use of drama in the STEAM classroom also presents challenges, for example,
not all students want or can participate, some students find it difficult to complete the activities,
and do not have enough time, experience, and confidence. Through a variety of interdisciplinary
studies, both students and teachers in the STEAM classroom can experience the power of attention
to the social environment and the importance of interdisciplinary teamwork. The latest research in
this area also shows that the drama-based practice used in teacher training can promote many
aspects of higher education (Cziboly et al. 2021; Malinina, 2023). A significant contribution and
less researched area of drama pedagogy to this STEAM concept is Dorothy Heathcote’s expert
drama curriculum (Heathcote & Herbert, 1985). The ‘Mantle of the Expert’ methodology of this
model - in the 1980s — in an undiscovered way by STEAM researchers, runs parallel to the current
outputs of STEAM classrooms. This pilot study shows that the distance between theory and real
teaching can be overcome with drama-based pedagogy in teacher education. Lastly, drama in
education can improve social, communication, and cognitive skills (Freeman et. al, 2003). Social
skills are vital skills for students because they can express positive or negative emotions, protect
themselves, or ask for help. If students cannot fully express themselves socially, it can be through

drama (Isyar & Akay, 2017).
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Visual arts

In the realm of visual arts within STEAM education, the integration often involves a
utilitarian approach, as described by Wellington et al. (2020). This perspective emphasizes the use
of visual arts as a tool for STEM learning rather than fostering the development of arts-related
skills and competencies. An illustration of this approach is evident in the work of Kim et al. (2015),
where the arts component involved drawing figures based on fixed instructions, resulting in
predetermined visual outcomes. In other instances, drawing and modeling are incorporated in the
initial stages of developing projects like robots, virtual reality (VR) games, or augmented reality
(AR) environments. Visual representations, such as images or schematics, are utilized to plan and
conceptualize the construction of objects (Camargo et al., 2020; Chen & Huang, 2020; Oh et al.,
2013; Timotheou & loannou, 2019; Wang et al., 2018). Visual arts allow children to observe two-
dimensional works, for instance, drawing and painting, as well as three-dimensional works such as
models, sculptures, and tangible items. All these visual arts should be implemented because it

promotes an effective learning experience in STEM disciplines (Wynn & Harris, 2012).

Music

Music stimulates inquiry, dialogue, and critical thinking (Segarra et al., 2018). Wellington
et al. (2020) explored how incorporating music in digital technology and science in concepts like
bodily movement, vibration, and sound can enhance intercultural connectivity. Music is usually
linked with various coding and programming initiatives, often involving software applications
(Milne & Calilhanna, 2019). Engelman et al. (2017) showcased that combining programming with
music can enhance students’ attitudes toward the subject and offer an authentic and creative
learning experience. Additionally, McKlin et al. (2018) demonstrated how EarSketch, a
collaborative learning tool, introduces programming through music remixing. Kritsis et al. (2018)

show Leap Motion, a creative tool to learn science through musical activities. Wellington et al.
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(2020) findings suggested a connection between science, music, and teaching using digital
technologies. Music also stimulates inquiry, dialogue, and critical thinking (Segarra, et al. 2018).
Chang and Chou’s (2020) statistical analysis revealed a significant positive impact on students’

creativity in science and technology when exposed to visuals and music.

3.5.4 STEAM Integration and Implementation

Boice et. al (2021) conducted a study using a mixed-method approach to investigate a
yearlong STEAM teacher training program. The program involved STEM and arts teachers who
collaborated to design and implement STEAM lessons in nine schools. The study focused on
various aspects, such as the importance of STEAM teacher training, the teachers’ insights into the
training, challenges in implementing STEAM activities, and STEAM design. The study’s findings
demonstrated the positive impact of training for teachers and students, increased teacher
collaboration, and higher scores for students who were exposed to STEAM. Similarly, Mastrorilli,
Harnett, and Zhu (2014) piloted a study to research the impact of professional development training
on art teachers and their students. The research investigated the nature of art implementation, its
successes and challenges, the impact of teachers’ instructional practices and knowledge in art, and
the effect on students’ achievement through art. This study involved 77 schools and the findings
displayed positive outcomes on teachers’ instructional practices and students’ arts achievement.
This research contributes to understanding the effects of professional development on arts
education. Quigley and Herro’s (2016) study investigates STEAM implementation in science and
math middle school classes. The study offered research-based evidence for educators regarding
STEAM. The study included 21 science and math teachers and utilized a qualitative methodology
by using the teachers’ reflections, observations, and field notes. The findings of the study portrayed

how teachers had difficulty in incorporating the arts into their lessons and assessing the students,
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but teachers displayed the importance of STEAM and its ongoing interest, collaboration skills, and
the addition of technology. These studies boost the literature review because they display awareness
of STEAM teacher training programs, their challenges, and their impact on both teachers and
students. When understanding the successes and challenges in implementing STEAM education
can create and design professional development initiatives. An article from UDIR (2019)
emphasizes the importance of clear expectations and motivation in realizing students’ learning
potential. The article underscores the significance of having high yet realistic expectations of
students, emphasizing that teachers must also set expectations for themselves. UDIR states that
learning activities should include challenges and drive, highlighting how students’ motivation and
mastery can enhance concentration and reduce social and emotional difficulties. Professional
competence, including both organized and flexible teaching, and a deep understanding of the class
as a social system, is crucial for teachers. An engaged teacher can create curiosity and dedication.
The article concludes by noting that being in a situation one doesn’t master can weaken
expectations of mastering and may lead to low motivation. Students facing a fear of failure might
develop negative coping strategies, such as conflicts and disruptions, to avoid challenging learning
situations. Mishra and Henriksen organized a study in 2013 that depicted STEAM activities and
practices that promoted engagement among students and were more ambitious which led to an
increase in their learning. Critical thinking comes into the picture for students’ increase in their
learning and is seen when doing STEAM activities. Through critical thinking, students can manage
and practice their ideas creatively and unravel issues using innovative skills (Art, 2013; Marmon,
2019). Many activities are used to achieve STEAM goals which include museum visits, hands-on
experimentation, engaging in interactive books, gamification, simulations, and video creation (Li
& Wong, 2020). Gamification has been gaining prominence and is the integration of game elements

into educational content (Boytchev & Boytcheva, 2020). Madden et al. (2013) and Ghanbari (2015)
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discuss the emergence of STEAM models in higher education, piloted by industry leaders like
Lockheed Martin, supporting a more holistic approach to education. Colleges and universities are
attempting to integrate arts with STEM subjects through multidisciplinary programs and integrated
courses. Some institutions focus on community-based learning to nurture creative scientists
capable of tackling global challenges. Ghanbari (2015) highlights STEAM programs at the
University of Texas-Dallas and the New York Film Academy collaborating with NASA. Madden
et al. (2013) cite examples such as the State University of New York, Rhode Island School of
Design, Maryland Institute College of Art, Bryant College, and Rensselaer Polytechnic Institute
attempting STEAM implementation. For instance, the State University of New York at Potsdam,
supported by Lockheed Martin, encourages creative thinking through the integration of arts,
humanities, and STEM. Additionally, the Rhode Island School of Design offers integrated courses
to link STEM and STEAM education. The Maryland Institute College of Art incorporates STEAM
elements into its graduate research program. STEAM education is informally embraced and
recognized as integral to art and design schools (Madden et al., 2013). In addition, several post-
secondary institutions like Bryant College in Rhode Island merge creativity with business and
engineering, focusing on fostering skills such as creative problem-solving, teamwork, and the
innovation process. Rensselaer Polytechnic Institute offers programs in electronic arts, games and
simulation arts and sciences, innovation, and society, incorporating assignments that integrate
STEM into STEAM. Many post-secondary institutions aim to provide students with opportunities
to develop creativity, innovation, and collaboration skills within the framework of STEAM

education (Madden et al., 2013).

The implementation of STEAM education was also displayed in various elementary and

secondary schools. There are a few approaches when implementing STEAM education, such as
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fully integrating arts into STEM subjects, implementing STEAM curricula, establishing STEAM
schools or classes, creating maker spaces for STEAM projects, or hosting workshops. However,
the adoption of STEAM programs has grown in the United States, Canada, Europe, and Korea, for
instance, Andover High School, Da Vinci Schools, Drew Charter School, Fisher STEAM Middle
School, Quatama Elementary School, and Pulaski Middle School (Herro & Quigley, 2016,
Delaney, 2014). For instance, Boston Arts Academy operates a STEAM lab, supported by a
director, which enables teachers and students to explore the connections between arts, science, and

math. The STEAM lab incorporates technologies like 3D modeling, electronics, and digital media.

The project Global Science Opera is an exemplary STEAM implementation, an initiative
coordinated by Scientix a science education network in Europe. Each year, Scientix introduces a
STEAM proposal for producing a science opera centered around a specific theme. Schools from
various countries participate by creating their two-and-a-half-minute scenes, encompassing aspects
such as scriptwriting, music composition, set design, and costume creation. This initiative includes
metacognitive activities, such as visits to scientific institutions, virtual discussions, and inquiry-
based or design thinking tasks (Tesconi & de Aymerich, 2020). Projects like the UK CREATIONS
and “The Imagineerium” Sonic Pi in the UK point out the partnerships between teachers, artists,
and science experts to integrate science and art through artistic mediums like dance, opera, visual
arts, and theater. These projects allow students to engage in scientific exploration alongside
traditional problem-solving and digital design approaches. Togou et al. (2020) study displays the
Erasmus Newton project applying Fab Lab-based learning to enhance the interest and motivation
of primary and secondary school students in science. Small workshops were designed and equipped
with 3D printers and other computer-controlled tools for personalized digital creation, and students

engaged in activities to develop their STEAM knowledge and skills. These investigations sought
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to understand how exposure to emerging technologies could influence students’ enthusiasm for
various STEM fields. Other studies shared a common goal of observing the impact of STEAM on
students’ attitudes toward specific STEAM disciplines and future career possibilities (Callahan,
2019; Morton et al., 2017; Park, 2014; Timotheou & loannou, 2019). Furthermore, Hug et al.
(2017a, 2017b) organized workshops for primary and secondary school children which aimed to
establish connections between computational thinking and musical thinking. This approach

resulted in students perceiving programming as less ‘hard and boring’.

In the United States, collaborative projects such as RISD Lab provide students with
transdisciplinary learning experiences. These projects allow students to explore abstract concepts
through diverse inquiry methods in science, art, and design (Costantino, 2018). Another project
named, GetWet, focuses on a water pumping station at a heritage site aiming to engage students in

real-life contexts connecting science and technology (Colucci-Gray et al., 2017).

A study by O’Leary and Thompson (2019) employed a cluster random sample that assessed
the impact of visual art, specifically drawing, on long-term retention of science subjects. The study
involved 55 5™ and 6th-grade students. The students were given tasks that incorporated visual arts
into their science lesson. The findings suggested that visual art integration, particularly drawing,
could promote long-term retention of STEM content compared to traditional approaches. O’Leary
and Thompson’s (2019) study demonstrates the potential benefits of visual art integration in STEM
learning and student retention. This insight contributes to the broader understanding of
interdisciplinary approaches by aligning with the exploration of STEAM perceptions among
teachers and students in this research. This study links to the literature review because it accentuates
the importance of policymakers evaluating and fully integrating interdisciplinary educational

experience, more specifically the Arts.
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Zaratin’s (2020) qualitative case study aimed to show the process educators undergo when
implementing a STEAM curriculum in a K-4 elementary school. The study sought to gain a deeper
understanding of teachers’ perspectives regarding an effective STEAM program. The study
addressed what the requirements are for elementary teachers to successfully apply a STEAM
curriculum in their classrooms. It explored teachers’ understandings of elementary-level STEAM
education, their confidence in teaching STEAM, and difficulties when applying STEAM. The
sample consisted of five K-4 teachers participating in a STEAM initiative in a suburban New York
elementary school during the 2019-2020 school year. The findings indicated that none of the
reviewed lessons provided rich opportunities for inquiry-based STEAM learning, despite teachers
using the term in interviews. Although technology was frequently used, mathematics, engineering,
and arts were not observed. The study’s limitations included potential bias in the focus group
resulting in limited generalizability due to the small school district’s regional biases and specific
cultural contexts. Despite these limitations, Zaratin’s (2020) study aided the dissertation by offering
significant research on STEAM perceptions and its effective qualities with valuable qualitative
insights. These examples showcase diverse approaches to STEAM education, emphasizing the
importance of seamlessly integrating arts with science, technology, engineering, and mathematics
in the learning process. The MoveLab study was designed to create a computing self-concept
among underrepresented girls through technology-enhanced dance performance by being in
collaborative groups. This was believed to be essential for building agency and a sense of
empowerment, as evidenced by participants’ statements, stressing how learning computation
allowed them to support each other’s learning processes (DesPortes et al., 2016). Graham and
Brouillette’s (2016) study examined the theory that the Arts could serve as a potent tool for upper
elementary students. Additionally, the research delved into assessing the impact of STEAM lessons

in physical science classes among students in grades 3 to 5. The study involved a lot of participants
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starting with a cohort of 893 students across five schools, involved teachers who had undergone
one year of training before the experiment. The second cohort, with 1,263 students, featured
teachers engaged in co-teaching with teaching artists. The findings showed that when STEAM was
involved in the lessons students had higher grades in physical science and found art integration to
be beneficial to young English learners. This study merges well with the literature review because
it promotes the use of art in classrooms and how adding the arts can aid in students’ learning. In
the context of developing the STEAM curriculum, teachers play a crucial role in designing and
planning STEAM learning (Land, 2013). The involvement of teachers is vital for the success of
such learning experiences where students benefit significantly from intentional, stimulating, and
developmentally appropriate activities that specifically support their understanding of STEAM
concepts (Aldemir & Kermani, 2016). Gébor Klima, a teacher at Eotvos Jozsef Secondary
Grammar School, Budapest, conducted a school experiment about developing biology-oriented
materials with visual culture tools and media to foster creativity and digital aptitude within science
education (Needle et al., 2007). His research offered that when students creatively engage with
biology topics it enhances comprehension, using qualitative and quantitative methods. Klima’s
research suggested that combining science with art pedagogy increases an awareness of
environmental issues and population challenges. The research involved seventh-grade students
from a secondary grammar school, focusing on biology topics related to environmental and social
concerns. Students worked collaboratively and produced animations using paper cut and stop
motion techniques to visualize environmental issues and societal dynamics discussed in biology
classes. Klima stated that the integration of digital tools alongside traditional drawing methods
enabled comprehensive visual skill development and provided an authentic learning environment.
Additionally, lively discussions about sustainable practices stimulated critical thinking regarding

consumption and its environmental implications. Therefore, Klima (2019) states that visual culture
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is an effective discipline and digital tools offer an interdisciplinary methodology reshaping the role
of art education in schools. Lastly, in the pilot study from Kasbary and Novak (2024), they
conducted two STEAM activities integrating drama into a science and history lesson. The pilot
study involved 19 first-year university students participating in these activities and the findings
demonstrated a positive reaction from the students from participant observations. The pilot study’s
findings portray how students felt they could be as creative and imaginative as they want, have
motivation to learn in the lesson, have problem-solving and thinking skills, and collaborate. The
STEAM activities displayed the integration of drama in science by creating a dance or series of
movements on the life cycle of a butterfly, and the second activity was integrating drama in history
where students created a short skit regarding the Indian Caste System. This pilot was deemed

successful because the students reflected upon the activity with positive feedback.

3.5.5 STEAM Outcomes

STEAM education objectives are to prepare children to think critically and creatively,
cooperate, innovate, and use proper communication (Quigley & Herro, 2016). This is an important
advantage to education because the world is developing so innovations must be created for the
future. Sanders (2009) further explores this idea and states that the arts should be applied in math,
science, and technology. The main concept of STEAM education is to include all forms of
discipline in education by evenly delving into creativity, criticality, and analysis. Therefore,
STEAM is meant to incorporate all subjects together to allow students to think differently, engage
in problem-solving, cooperate, and be innovative. The arts can create new skills for students from
problem-solving to critical thinking, inventiveness, group work, and having thorough discussions
(Sousa & Pilecki 2013). The STEAM curriculum concentrates on student-direct learning where

teachers and educators provide sufficient guidance with positive and useful criticism and feedback
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(Madden et al., 2013). Therefore, teachers and educators are meant to change the aspect of teacher-
centered classrooms to student-centered to give the proper knowledge and readiness for their future
(Sousa & Pilecki, 2013; Darling-Hammond, 2010; Doniger & Sydow, 2016). According to Rolling

(2016), he states how STEAM is important and quotes:

“STEAM matters because we are more than just instructors of art and art education. While most of
our students year in and year out will not become professional artists, we are nevertheless arguably
the primary teachers of creativity our students will ever have throughout their education.
Fundamentally, our job is to instigate and foster art practice and design thinking as a means for
individual learning, social responsibility, and creative problem solving—mediating ideas and
materials toward meaningful and enduring solutions ” (p. 4).

Many studies focused on cultivating 21st-century skills, including persistence, creativity, and
problem-solving, within the context of STEAM education. Several studies in the field of STEAM
education focused on the development of 21st-century skills, including persistence, creativity, and
problem-solving. The importance of cooperative learning in creative workshops is seen as
influential in enabling active learning by empowering students and fostering a sense of respect
among peers (Jesionkowska et al., 2020).

Creativity

“Creativity is a key priority and STEM educators need to embrace the arts to foster students’ creative design
and performance, using various media: IT leaders should add an ‘A’ for fine arts to the science, technology,
engineering, and math charter - STEAM, not STEM” (Peter Taylor, 2016, p. 126).

M.L Stein, author of Creativity in Culture (1953) provides insights into the understanding
of creativity. He emphasizes that creativity involves purposeful deviation from the existing norm
and is problem-dependent. Creativity involves the conceptualization of new ideas, and when
applying STEAM lessons it fosters creativity, originality, and purposeful uniqueness. Creativity, as
defined earlier, doesn't involve judgment about the utility, practicality, or objective of ideas; it
revolves around originality and meaningful thought. Kampylis and Berki (2014) explained that

creative thinking gives students a chance to incorporate their imaginations into their subjects. Boy
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(2013) also suggests that students need to cooperate to foster creativity and to share their skills and
ideas of a certain subject. This promotes innovative ideas, new skills, and abilities. Critical thinking
skills become crucial when students analyze their creative ideas and evaluate their relevance to the
topic at hand. The integration of arts in STEM education provides knowledge from a unique
perspective, enabling students to explore new solution sets and consider options not available in

traditional STEM approaches.

STEAM education has demonstrated positive impacts on creativity, as seen in a study from
the Journal of Technology and Design Education that implemented an effective STEAM activity
resulting in increased verbal and figural creativity among a group of 7th-grade girls in Istanbul,
Turkey. The study is titled “Exploring the Effectiveness of STEAM design processes on middle
school students’ creativity”; where it compared a control group of students learning with a
traditional science curriculum from a textbook and the group was exposed to the same content
through varied STEAM-oriented lessons. The results indicated a significant difference in favor of
the experimental group demonstrating enhanced verbal and visual creativity (Ozkan & Umdu
Topsakal, 2019). Similarly, McKlin et al. (2018) investigated the impact of Earsketch on students’
creativity and persistence in computer science portraying a commitment driven by
identity/belongingness and creativity. Oh et al. (2013) observed enhanced creativity in elementary
students following a STEAM program employing Scratch for game design and play. Sakon and
Petsangsri (2021) evaluated their STEAM instructional model’s effect on creativity in packaging
design within a college-level computer graphic design course. Chang and Chou (2020) discovered
that involvement in activities utilizing processing software and the Leap Motion sensor elevated
the creativity level among science and engineering students (Perignat & Katz-Buonincontro, 2019).

Deloitte’s (2015) analysis of the future of information technology (IT) professionals argues that
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creativity is crucial and should be prioritized. Taylor (2016) suggests that educators in STEM fields
incorporate elements of the arts to improve students’ abilities in creative design and performance,

and suggests the inclusion of arts and advocating for STEAM rather than STEM.

Collaboration

Glaveanu (2011) advocates that collaboration is an intersubjective aspect where people’s
understanding, learning, and creativity join together to make a creative and cooperative effort.
Guyotte et al. (2015) also support the concept of collaboration, in the context of engagement, as
vital and a better way of learning than doing it individually. Students can put forth their narrative
context in the class to their classmates and teachers and students become more engaged in the
learning and creative experience (Thomas & Chan, 2013; Guyotte, et al., 2015). For educators in
art and design, the concept of STEAM encompasses more than just enhancing STEM subjects with
design skills; it entails collaborative efforts among educators across various disciplines (Watson,
2016). Art and design educators are encouraged to engage with their educators in STEM fields to
explore how art can be integrated into the STEM/STEAM curriculum (Bequette & Bequette, 2012).
Through these efforts, it promotes mutual learning between art and STEM instructors (Wynn &
Harris, 2012). This approach emphasizes an interdisciplinary and collaborative perspective on
STEAM entering into a transdisciplinary realm (Guyotte et al., 2014). Furthermore, Guyotte et al.
(2014) state that a transdisciplinary STEAM curriculum can evolve into a form of social practice
and facilitate collaborative creativity among students. Previous research also indicates that
innovative educators gain confidence when receiving support from like-minded individuals who
share unconventional perspectives which creates a unified team (Hattie, 2012; Tait & Faulkner,
2016). Scholars such as Dweck (2008), Wagner (2012), and Tait and Faulkner (2016) underline the

significance of self-reflection in fostering innovative collaborations where educators can make
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informed decisions based on both collective and individual insights rather than external influences.
Wagner (2012) reminds us to not “give in to the temptation that you can do this thing you want to
do all by yourself. You can’t” (p. 245). Research on the impact of integrative forces in learning, as
evidenced by Barniskis (2014) and Ritchhart (2015), highlights the significance of modeling as an
implicit aspect of teaching. This implies that teaching is not solely about the demonstration, but
also involves a “continuum of explicit and implicit sharing of our identities as thinkers and

learners” (Ritchhart, 2015, p. 125).

Innovation

The establishment of innovative learning and teaching environments through
transdisciplinary STEAM relies on the integration of diverse perspectives and expertise. Ritchhart
(2015) and Wagner (2012) describe this transdisciplinary modeling as a dynamic process of
creative inquiry and problem-solving, fostering a culture of motivated and innovative thinking.
STEAM emphasizes the ethnography of teacher practice, including interactive modeling,
embracing growth mindsets, and collectively constructing knowledge, ultimately leading to
innovation (Meyer & Turner, 2006; Dweck, 2008). Research from Taylor (2016) and Wagner
(2012) underscores the significance of generating new knowledge and experiences to tackle

challenges, emphasizing that the practical application of knowledge is paramount.

Design Thinking

Design Thinking is a method used for creative problem-solving and is found in STEAM
education (Bequette & Bequette, 2012; Bush et al., 2016; Gross & Gross, 2016). Design thinking
refers to the cognitive processes and problem-solving skills utilized by designers in their
professional practice (Watson, 2015). Donar (2011) identifies and investigates the nature and

pedagogy of design thinking, and how it is a growing trend towards a more integrated, cross-
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disciplinary, and holistic approach. Design thinking has garnered increasing attention for its
application in integrating STEAM principles into engineering domains, although it also serves as
a standalone framework applicable across the arts and sciences. Notably, both engineers and visual
artists can employ design thinking methodologies (Boy, 2013; Brophy et al., 2008). The Stanford
School of Design has developed the Stanford design model which is one of the most recognized
and widely used, this model served as the guiding framework for teachers as they re-created their

curriculum to incorporate STEAM principles (Plattner et al., 2015).

Project-Based Learning (PBL)

An instructional approach where students engage in real-world projects to deepen their
understanding and apply knowledge and skills. PBL is foundational to effective STEAM education,
promoting creativity and a departure from traditional teaching methods (Adams, 2005). PBL
provides an alternative approach to traditional teaching methods and can foster creativity, critical
thinking, and collaboration among students (Knapp, 2018). Researchers (Kokotsaki et al., 2016;
Krajcik & Blumenfeld, 2006; Larmer et al., 2015) have presented similar attributes to the
effectiveness of PBL on how it fosters the exploration of authentic questions and issues, prompting
students to utilize their conceptual understanding of subjects and link it to practical applications.
Grant (2011) identified that PBL has improved student motivation by emphasizing the role of
cooperative learning techniques. Ilter (2014) also depicted the positive effect of projects on
cooperative learning and the development of students’ theoretical understanding and academic
motivation. Larmer et al. (2015) support PBL by stating when implementing it in the classroom
students will acquire authentic learning, examine essential questions, and apply real-world content.
Research conducted in 2014 demonstrated that students displayed greater success in college when

their high school experiences involved a student-centered instructional approach, including project-
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based teaching, collaborative learning, and performance-based assessments (Friedlaender et al.,
2014). Al-Balushi and Al-Aamri (2014) showed an investigation involving sixty-two 11th-grade
female students in Oman participating in environmental science projects. The outcomes revealed
significant advancements in both environmental knowledge and enthusiasm for utilizing new

technology in designing their projects.

Engagement

Artistic activities like drawing, painting, or creating music can engage students in ways that
traditional lectures and textbooks may not. Teachers notice that students become more enthusiastic
about STEM topics when they are presented in a visually or aurally appealing manner. Engagement
in education is a dynamic concept that exceeds both old and new educational theories while being
continuously informed by cutting-edge research. Engelman et al. (2017) examined the impact of
engagement with emerging technology, specifically Earsketch, on students’ creativity, persistence,
and attitudes toward computing. It prompts students to construct their understanding through active
exploration and making connections with the subject matter. Guyotte et al. (2014) perceive STEAM
as a social practice characterized by active engagement with materials, consideration of audience,
and interaction with the community, aligning with the notion of students actively sharing their
learning experiences and outcomes. Engaging with a broader community and having the chance to
showcase their work enables students to imbue their designs with greater intentionality. It also
allows them to articulate their thought processes and reflect on feedback received from others.
Upitis (2011) emphasizes the centrality of student engagement in learning and underscores the arts’
role in fostering engagement by encouraging cognitive learning, collaboration, and emotional

connection with concepts.
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Critical Thinking

Demirel (2012) characterizes critical thinking as when students apply their existing
knowledge and modify it through evaluation. Fundamentally, critical thinking involves the capacity
to scrutinize events, conditions, or ideas and make judgments while evaluating the reliability and
validity of information using logical and intellectual standards (Seferoglu &Akbiyik, 2006). This
advanced cognitive skill allows individuals to examine and fix errors and shortcomings in current
knowledge or situations, leading to appropriate solutions (Howard et al., 2015). Critical thinking
skills embody tasks like recognizing and analyzing the credibility of information sources,
establishing connections, and drawing conclusions (Thurman, 2009). In summary, the defining
features of critical thinking involve- engaging in reasoning and skepticism, studying situations
from various perspectives and dimensions, being open to change and innovation, resembling
thoughts without preconceived notions, maintaining an open-minded attitude, thinking analytically,
and lastly paying attention to details. Critical thinking brings forth advantages such as individuals’
ability to think independently, steer clear of impulsive behavior, and articulate problems (Demirel,
2012). From an educational viewpoint, it becomes necessary to adopt both critical and creative
thinking skills. These skills empower individuals to assess and analyze discussions, obtain meaning
from observations, engage in thorough reasoning, and critically evaluate assumptions across

diverse fields.

Growth Mindset and Real-Life Applications

Lastly, STEAM education can effectively grow the students’ mindset. Carol Dweck’s
groundbreaking work on the growth mindset theory theorizes that individuals who believe that their
abilities can be developed through dedication and hard work are more likely to embrace challenges
and persist in the face of setbacks (Dweck, 2006). The arts associate effortlessly with this theory

by encouraging students to view mistakes as opportunities for growth. In the process of creating
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art, students often encounter obstacles, make revisions, and learn from their errors. These
experiences foster a resilient attitude and a willingness to tackle complex tasks. The arts cater to
this theory by providing a variety of opportunities for students to express their understanding and
creativity. Students with varying talents, whether in visual arts, performing arts, or creative writing
can find a platform for their unique abilities. This diversity in artistic expression reinforces the idea
that growth and development can occur in different forms promoting a comprehensive
understanding of the growth mindset. Art-based methods encourage students to take ownership of
their learning by setting goals, reflecting on their progress, and making adjustments as necessary.
Therefore, fostering a growth mindset is proved by contemporary educational theories that stress
the importance of embracing challenges, recognizing diverse talents, and promoting self-regulated
learning. This approach supplies students with a broader perspective on personal development,

flexibility, and the belief in the power of effort and dedication.

3.6 Conclusion

In conclusion, the synthesis of diverse scholarly perspectives presented in this literature
review demonstrates the potential of STEAM education within contemporary educational settings.
The discourse surrounding STEAM pedagogy illustrates its capacity to promote multidimensional
competencies essential to skills of the 21st century. As seen throughout the literature review,
educators and researchers depict the benefits of integrating STEAM education in schools, however,
there also exists an apparent acknowledgment of the challenges to effective implementation. This
review sought to provide a nuanced understanding of STEAM’s efficacy in developing learning
experiences, 2 1st-century skills, and stimulating innovative approaches to education. The literature
portrays divergent perspectives and theoretical frameworks for STEAM education transcending

disciplinary boundaries and fostering intellectual growth and creativity. Land (2013) demonstrates
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the positive arguments for STEAM that it unifies students’ thinking, artistic disciplines, and self-
motivation. Furthermore, Yakman and Lee define STEAM education as, “the interpretation of
science and technology through engineering and the arts (a century that covered the humanities
was studied); all based on mathematical elements” (p. 1076). Zamorano et al. (2018) express
STEAM as an integrative aspect that merges sciences, technology, engineering, art, and math to
aid in students’ lives. White (2010) further states how adding the arts into STEM connects all these
aspects and his views are that the arts are the main feature of creativity, creativity produces
innovative concepts, and these innovations build for future industries, and with these modern and
new industries promotes new jobs and boosts the economy (Marmon, 2019). Lichtenberg et al.
(2008) defend White by stating the main value of art is creativity and that each person creates their
process and skills (Feldman, 2015; Marmon, 2019). To integrate art into STEM education teachers
need to design and create new objectives that target students’ creativity and innovativeness through
the STEM subjects. Through the process of design, creative problem-solving is introduced into the
STEAM concept and in curriculum development. Teachers, when designing, begin contemplating
and considering curriculum development; and students also have accessibility in the design process
where they take this new design and implement change in their learning process. Students and
teachers have a clearer objective of what they want in the classroom and can reshape the curriculum
to be STEAM-based (Hoadley & Cox, 2009). This literature review portrayed different researchers'
perceptions, purposes, and definitions regarding STEAM education and the effectiveness and
outcomes of STEAM. The literature portrayed the advantages of art and how STEAM should be
an integral part of today’s education system starting from any educational setting. As popular as
STEAM is, there are struggles and challenges to its implementation in the classrooms and curricula.
STEAM practitioners are trying to promote the importance of STEAM and how the arts benefit

students from collaboration, creativity, in-depth learning, and more. Therefore, to give equal
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opportunity to the arts, educators need to add arts to STEM and shift it to STEAM (Herro et al.,
2017). STEAM education can improve students’ communication, critical thinking, and problem-
solving skills by giving a hands-on experience with different topics. It also allows students to begin
reflecting on their experience with STEAM activities have different interpretations and get
feedback for their work which is vital in their learning development (Costantino, 2018). Lastly, this
literature review depicted different academic settings where STEAM has been integrated and
implemented into the lesson and the positive experiences teachers and students had from it. The
impact of learning through STEAM allows students to be more active and take initiation of their
knowledge, promotes cognitive outcomes, and positive connections, and increases self-confidence
and engagement in the classroom. This review sought to set important precedence towards STEAM
education. The analysis of the collected studies provides a comprehensive view of a dynamic,
pedagogically advanced, and innovative landscape in STEAM education. Challenges and barriers
to STEAM integration highlight the importance of evidence-based evaluation studies for
effectiveness. Examining the motivations of STEAM education researchers reveals a broader
conceptualization of learning beyond disciplinary skill sets, and STEAM education utilizes and
addresses real-world problems, targets the development of critical 21st-century skills, and
challenges traditional forms of participation. Few studies discussed future work, but one common
recommendation was the need for more professional development in STEAM education to support

teacher development.
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4. Research Methods and Design

4.1 Introduction

The objective of this qualitative study is to investigate, comprehend, and reveal secondary
educators’ and students’ viewpoints and encounters regarding STEAM education. This research
has the potential to advance knowledge regarding the implementation of STEAM integration in
secondary schools by examining the insights from educators and students. Raising awareness
among educators of STEAM education and its methods can enhance its integration into curricula
(Bell, 2016; Stubbs & Meyers, 2015; Zimmerman, 2016). Through this study, educators and
students may gain a deeper understanding of the difficulties and benefits associated with integrating
STEAM into classrooms. Furthermore, the findings of this study may assist future educators in
developing and integrating STEAM practices in classroom settings from professional development.
Additionally, it is important to inspect and evaluate the qualifications for effective instruction that
influence secondary teachers’ attitudes, perceptions, and confidence in implementing STEAM
education (Wang, 2012). The identified themes aim to offer and depict a deeper understanding of
the teachers’ and students’ personal thoughts about STEAM, alongside their practical experiences
and after the completion of the STEAM activities from the researcher on how it impacts students’

learning and teaching.
4.2 Qualitative Method

Chapter 4 provides a detailed account of the chosen research method and design depicting
the reason behind selecting a qualitative design coupled with qualitative methods. This chapter
explains the research questions, sampling criteria, participants, procedures for obtaining informed

consent, measures to ensure credibility and reliability, and the geographic location of the study.
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Additionally, it delves into the data collection procedures, the reason for these chosen methods,
and the approach to data analysis. Qualitative research was chosen over quantitative research to
hold various facets of a situation and define a comprehensive understanding of the main idea
(Creswell, 2013). Stake (2010) explains qualitative research as a process aimed at gaining a deep
understanding of a single phenomenon and how it operates. Qualitative studies are suitable when
there is limited information about the topic, the variables are not well understood, and existing
theoretical frameworks are insufficient (Yin, 2009). In qualitative research, establishing credibility
involves guaranteeing that research results are perceived as believable from the perspective of the
research participants. Yin (2014) advocates for the triangulation of multiple sources of evidence to
enhance the credibility of a research. It is beneficial to obtain various sources of evidence from
multiple participants for the researcher to identify themes and patterns. Research notes were
utilized to capture reflective thoughts, questions, decision-making processes, and ideas throughout
the data collection process (Merriam, 2009). In qualitative research, dependability is vital and
should be achieved through the consistency of research findings. To create dependability, definite
procedures and guidelines were established for data collection, documentation, and analysis.
Participants were chosen to represent the broadest possible variation within the population
(Merriam, 2009). Reliability in qualitative studies pertains to the consistency and dependability of
the collected data (Yin, 2009). Elements such as trustworthiness, authenticity, and credibility
contribute to reliability (Creswell & Miller, 2000). Credibility relates to the believability of the
findings and is supported by evidence from the participants and theoretical notions (Merriam,
2002). The researcher will conduct data analysis to demonstrate a detailed depiction of the data and
to certify credibility. Therefore, this research seeks and focuses on the outcomes of secondary

teachers’ and students’ perceptions regarding STEAM education.
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Data collected from the STEAM activities and field notes from student observations will
be utilized to triangulate with the interview data. Through the analysis of these documents and
interviews, patterns and themes are anticipated to surface (Yin, 2009). Triangulation is a method
often applied to explore findings by integrating multiple data sources. Cohen and Manion (2000)
defined triangulation as a means to comprehensively understand and interpret the details of human
behavior by examining it from various perspectives. Stake (2010) characterized triangulation as a
process to gather evidence from diverse individuals, types of data, or methods of data collection to
support findings. Triangulation serves to improve the legitimacy of a study by examining a situation
from multiple viewpoints (Stake, 2010). In this qualitative research, data triangulation is
accomplished by gathering responses from participants through open-ended interviews and by
using member checking to prove the accuracy of the data. The triangulation approach can minimize
any biases and enhance the reliability of the data (Bogdan & Biklen, 2006). In this research,
triangulation will be achieved through the use of diverse data sources, interviews, document
analysis, observations, and field notes. The semi-structured interviews will include open-ended
questions related to secondary teachers’ and students’ perceptions regarding STEAM education and
integration. This research aims to provide a comprehensive understanding and analysis of STEAM

education’s potential.

4.2.1 Triangulation

Triangulation methodology was chosen for this research as a deliberate strategy to navigate
the intricate landscape of the research objectives. This section delves into the nuanced reasoning
behind selecting triangulation as the preferred methodological framework, offering a detailed
exploration of its relevance, distinctions, and suitability within the research context. The decision

to adopt the triangulation methodology rests on its ability to address the inherent complexity of the
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research questions comprehensively by integrating multiple data sources, methods, and
perspectives. This approach not only mitigates potential biases and limitations associated with
singular methods but also enriches the depth and breadth of the study findings. Acknowledging the
subjectivity of reality and the diversity of interpretations, triangulation embraces a pluralistic
approach to data collection and analysis. By triangulating data from varied sources, the research
aims to capture the multifaceted nature of the research topic, encompassing both objective
observations and subjective experiences. This inclusive methodology facilitates a more nuanced
understanding of the research phenomenon and seeks to enhance the credibility and trustworthiness
of its findings. Triangulation ensures that the study outcomes withstand scrutiny and contribute
meaningfully to scholarly discourse. In summary, the decision to employ triangulation
methodology in this research emanates from a nuanced understanding of its relevance, advantages,
and applicability within the research context. Triangulation offers a robust framework for
navigating the complexities of the research questions and displaying multiple perspectives to yield
rich and multifaceted insights. The research embraced triangulation to advance scholarly inquiry

and generate knowledge that is both rigorous and impactful within the field.

4.2.2 Interviews

Interviews serve as a valuable tool for researchers to compare data displaying the central
themes and notions from the participants. In qualitative research, interviews are designed to delve
into the deeper meaning behind participants’ experiences (Yin, 2014). Additionally, interviews hold
a paramount position in qualitative research, as they empower researchers to delve into individuals’
perspectives, experiences, understandings, meanings, interpretations, and perceptions of reality. In
the realm of educational research, three primary interview formats are commonly employed: fully

structured, semi-structured, and unstructured (Cohen et al., 2007; Mertens, 2010; Robson &
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McCartan, 2016). A semi-structured interview follows a predefined guide encompassing specific
topics, default phrasing, and sequence while remaining adaptable to the introduction of
spontaneous questions. This approach facilitates the systematic collection of comprehensive data
while retaining the conversational and context-driven nature of the interview (Cohen et al., 2007).
The interviews in this research are influential in eliciting the perspectives and opinions behind
participants’ experiences in the context of implementing STEAM and its importance in education.
Most of the interviews were conducted in person at the participants’ respective schools and online
if it was more convenient for the participants. Each interview was either audio recorded or
transcribed directly and afterward coded for analysis. The interview questions were designed to
obtain participants’ perceptions regarding the integration and implementation of STEAM
education in secondary classrooms. The preliminary questions centered around whether
participants heard the term STEAM and what they knew about STEAM education. Subsequent
questions related to the participants’ reflection and perception regarding STEAM, their
experiences, advantages, challenges, and STEAM integration’s impact on students’ learning. The
open-ended questions used during the interviews are provided in Appendix B for reference. In the
pursuit of my Ph.D. research objectives, the semi-structured interview methodology was selected
due to its capacity for fostering in-depth discussions on quality and encouraging personal insights
from various participants including students, teachers, and principals within the chosen institutions.
This approach was deemed appropriate as it enables direct communication and allows interviewees
to express their opinions and values authentically. The relationship between interviewer and
interviewee, as theorized by scholars like Pierre Bourdieu, Alain Accardon, and Susan Emanuel
(1999), is foundational to this method and relies on trust and rapport. The primary objective of the
interviews is to elicit knowledge regarding participants’ perspectives and experiences within a

specific context, thus supporting a scientific understanding of social phenomena. This approach, as
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discussed by scholars such as Brinkmann (2018) and Kvale & Brinkmann (2015), seeks to uncover
the meanings rooted in individuals’ experiences and interactions within a given social context. The
semi-structured nature of the interviews allows for flexibility and aims to capture the diverse
perspectives of the participants, concerning STEAM education in secondary schools in Hungary
and Palestine. Interview planning is crucial in achieving research objectives by constructing a
comprehensive interview script serving as a guide. This script assists in framing related questions
and ensures alignment with the research focus. As highlighted by Ferreira (2014), interviews
represent intersubjective constructions shaped by the interaction between interviewer and
interviewee. Despite all the advantages of semi-structured interviews, challenges may arise, such
as maintaining focus, managing silence, avoiding judgment, and upholding ethical standards, as
outlined by Adams (2010). In summary, the semi-structured interview methodology offers a
nuanced approach, deeper understanding, and exploration of the participants’ perspectives and
experiences. This method allows for rich and meaningful data collection essential for advancing

scholarly inquiry.

4.2.3 Activity and Observation

STEAM activities integrate multiple disciplines allowing learners to make connections
between different subjects and promoting a well-rounded approach to education. STEAM activities
involve hands-on application, problem-solving, engagement, and collaboration among students.
STEAM activities can develop critical thinking, creativity, and innovation, and many of these
activities are experimental and realistic where participants learn by doing. This approach is
effective because it makes learning more engaging and sparks curiosity, and an exploration to
understand the world. Hence, STEAM activities portray a practical application of academic

concepts and let learners see real-world applications. Through these activities, individuals can
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express themselves and appreciate diverse perspectives. In summary, STEAM activities provide
practical approaches to education developing learners' skills and abilities to prepare them for
successful educational journeys and future careers. Gorman and Clayton (2005) portray
observation studies as systematically recording observable phenomena or behavior in a natural
environment. Some scholars embed observation within the broader framework of ethnography,
while others narrow it down to participant observation. Spradley (1980) suggests that participation
observation leads to ethnographic description and portrays ethnography as the task of illustrating a
culture with the primary goal of understanding it from the native perspective. Chatman (1992)
describes ethnography as a method of enabling researchers to gain an insider’s view through
observing in social settings. Becker and Geer (1970) define participant observation as an activity
where the observer engages in the daily life of the subjects, observing events, listening to
conversations, and interacting with people over an extended period. Participant observation is a
valuable method for gaining insight into participants’ perspectives by actively engaging in their
activities. This type of method can be triangulated when obtaining the findings from one source or
through a different data collection method. Additionally, observations help researchers understand
participants’ nonverbal expressions and social interactions. During the STEAM activity
observations, the researcher will record observations by hand to capture behaviors, movements,
tone, and verbal and nonverbal expressions that could provide further insight into the research
process. Field notes taken during observations serve as a record of what was observed that aids in
remembering certain details later (Merriam, 2002). Researchers employ field notes to thoroughly
document nonverbal cues, settings, participant behaviors, and other interactions. These notes are
used to interpret participants’ perspectives and meanings (Yin, 2014). Additionally, field notes must
be rich in description to capture the subtleties. These notes were used to record reflective insights

during and after the STEAM activities which followed nonverbal and verbal signals, the physical
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environment, and participant engagement. The analysis of field notes helped identify any emergent
themes and then served for later coding and analysis. Field notes offer a chance to gather additional
data and allow the researcher to document and reflect upon observations, thoughts, and experiences
related to the research setting and activities. Yin (2009) advocates that field notes serve as essential
tools for conducting case studies and enhance the reliability of the research. To minimize bias, the
researcher asked the teachers during the STEAM activity to fill out an observation sheet regarding
students’ participation and engagement for the research to be more credible. The observation sheet

can be found in Appendix 7 for reference.

4.2.4 Participant Observation

Allen (2017) explains participant observation as the process of entering a group of people
with a shared identity to gain an understanding of their community. This process includes gaining
knowledge and a deeper understanding of the participants, interactions, and events that take place
at the research site. Researchers can gain an understanding of the group once they spend time with
a group of people and closely monitor their actions, speech patterns, and norms. Participant
observation, allows the researcher to seek out information through the researcher’s direct
participation and observation in the activities of the group being studied. Erlandson, Harris,
Skipper, and Allen (1993) view participant observation as a method of collecting data that enables
the researcher to describe existing situations using the five senses, furthermore, DeMunck and Sobo
(1998) describe participant observation as the primary method used by anthropologists doing
fieldwork. Fieldwork involves when the researcher is actively looking and writing detailed field
notes (DeWalt & Dewalt, 2002). Nweke and Nwoba as described in Okolie and Ajene (2019),
explain how participant observation serves as a method of gathering data, an approach for inquiry,

and an essential element of qualitative research. Additionally, Allen (2017) describes participant
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observation as immersing oneself within a group and sharing a common identity to comprehend
their community dynamic, which entails acquiring in-depth insights into the individuals,
interactions, settings, and occurrences. Lastly, Erlandson et al. (1993) view participant observation
as a means to collect sensory-rich data, offering a vivid portrayal of the studied situation. Sanghera
(2001) explains six factors researchers need to take into consideration during the research process-
time, place, social circumstances, language, familiarity, and social consensus. These factors serve
as guiding principles for structuring research efforts and facilitating a systematic approach to

document the researcher’s methodology and achieve meaningful results.
4.3 Participants

In qualitative research, sample size varies depending on the study’s nature (Patton, 2002).
McNamara (2009) noted that there is no set sample size for qualitative studies due to the extensive
data generated and the complexity of the analysis. Similarly, Patton (2002) stressed that the
credibility of qualitative research relies more on the richness of information gathered than on
sample size. The participants in this research consisted of secondary teachers and students from
two Hungarian and three Palestinian secondary schools. The sample size for this research
comprised 23 secondary teachers, one from each grade level, selected from the target schools for
the interviews. For anonymity, teachers have been assigned to numbers and their nationality for
instance: Hungarian Teacher- HU Teacher 1 or Palestinian Teacher- PA Teacher 13, and so forth.
The sample size for the secondary students, for the interviews, comprised 23, one from each grade
level and the targeted schools, students as well were labeled the same as teachers for anonymity
based on their nationality and assigned number, for instance, Hungarian Student- HU Student 1,

Palestinian Student- PA Student 13, and so on. Lastly, 496 students, between grade levels 9®-12%,
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took part in a STEAM activity and observations for the research. The tables below display the

participants who contributed to the research to obtain the research objectives.

Participants Grade Level Gender Years of Teaching
experience
Hungarian Principal 1 Principal Female 15+
Hungarian Teacher 2 9t Grade Math Female 5+
Hungarian Teacher 3 10 Grade Science Male 10+
Hungarian Teacher 4 11" Grade Physics Male 10+
Hungarian Teacher 5 10" Grade Math Female 5+
Hungarian Teacher 6 9% Grade Science Female 5+
Hungarian Teacher 7 9-12" Grade Art Male 5+
Hungarian Teacher 8 11" Grade Science Male 10+
Hungarian Teacher 9 10" Grade Math Male 10+
Hungarian Teacher 10 12 Grade Math Male 10+
Hungarian Teacher 11 10 Grade Science Female 5+
Palestinian Principal 12 Principal Female 15+
Palestinian Teacher 13 9" Grade Science Female 5+
Palestinian Teacher 14 10" Grade Math Female 10+
Palestinian Teacher 15 10 Grade Science Male 10+
Palestinian Teacher 16 12t Grade Science Male 10+
Palestinian Teacher 17 11" Grade Math Male 10+
Palestinian Teacher 18 9" Grade Science Male 10+
Palestinian Teacher 19 10" Grade Math Female 5+
Palestinian Teacher 20 10* Grade Science Female 5+
Palestinian Teacher 21 11" Grade Math Female 10+
Palestinian Teacher 22 12" Grade Science Female 10+
Palestinian Teacher 23 9" Grade Math Female 5+
Table 4: Description of Teacher Participants (Interviews)

Participants Grade Level Gender Age
Hungarian Student 1 10" Grade Female 16
Hungarian Student 2 9" Grade Female 15
Hungarian Student 3 11" Grade Male 17
Hungarian Student 4 12" Grade Female 18
Hungarian Student 5 9" Grade Male 15
Hungarian Student 6 9" Grade Female 15
Hungarian Student 7 11" Grade Female 17
Hungarian Student 8 12" Grade Female 19
Hungarian Student 9 10" Grade Male 16
Hungarian Student 10 11" Grade Female 17
Palestinian Student 11 9% Grade Female 15
Palestinian Student 12 11* Grade Female 17
Palestinian Student 13 10" Grade Female 16
Palestinian Student 14 12" Grade Female 18
Palestinian Student 15 11* Grade Female 17
Palestinian Student 16 10" Grade Male 16
Palestinian Student 17 9% Grade Male 15
Palestinian Student 18 9% Grade Female 15
Palestinian Student 19 12" Grade Female 18
Palestinian Student 20 10" Grade Female 16
Palestinian Student 21 11* Grade Female 17
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Palestinian Student 22 9% Grade Male 15
Palestinian Student 23 12t Grade Male 17
Table 5: Description of Student Participants (Interviews)
Participants Grade Level Nationality School
16 9t Grade Hungarian School 1
14 10" Grade Hungarian School 1
17 11" Grade Hungarian School 1
15 12 Grade Hungarian School 1
12 9t Grade Hungarian School 2
20 10" Grade Hungarian School 2
26 11" Grade Hungarian School 2
25 12 Grade Hungarian School 2
20 9% Grade B Hungarian School 2
24 10" Grade B Hungarian School 2
27 11" Grade B Hungarian School 2
24 12" Grade B Hungarian School 2
17 9t Grade Palestinian School 1
16 10" Grade Palestinian School 1
16 11" Grade Palestinian School 1
15 12" Grade Palestinian School 1
28 9t Grade Palestinian School 2
28 10" Grade Palestinian School 2
15 11" Grade Palestinian School 2
22 12" Grade Palestinian School 3
16 9t Grade Palestinian School 3
17 10" Grade Palestinian School 3
22 11" Grade Palestinian School 3
23 12" Grade Palestinian School 3

Table 6: Description of Student Participants- STEAM Activity and Observations

4.4 Data Collection

Before data collection, approvals were obtained from the research institutions with
permission from the school principal. The researcher contacted one of the teachers of each school
to assist with conducting the STEAM activity in a science and math class between the grade levels
of 9th and 12th. The researcher gave the designated math or science teacher for their respective
grade level the information letter and consent forms to partake in the STEAM activity for their
parents to sign if the student is under 18 years of age. When the researcher obtained all the consent
forms, the STEAM activity was conducted with the respective teacher present in the classroom to

assist with observational notes.
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4.4.1 STEAM Activity and Observation

I researched and prepared two STEAM activities that seemed suitable for secondary school
students for a math and science class, where I explored different STEAM activities on the internet.
After researching and investigating the appropriate STEAM activities, I began to reflect on what
the objectives are and the possible outcomes when students participate in the STEAM activities. I
decided to create two PowerPoints, one for each activity, by giving a brief introduction to the math
or science lesson and the instructions for the STEAM activity. Additionally, I created an
observation sheet for the teachers aiding me during the activity. In this observation sheet, the
teachers will write the description of the STEAM activity, what the participants were doing during
the STEAM activity by specifying certain behaviors or interactions, and what methods were used
(see Appendix 7). During the STEAM activity, I, the researcher, observed and recorded how the
students were engaging and interacting with one another during the activity. I was writing field
notes that served as a written log of immediate observations and emerging themes. [ watched, audio
recorded, and documented the students’ participation during the STEAM activity, noting particular
actions, interactions, or reactions. I took detailed field notes while my fellow teacher filled out the
observation sheet to capture qualitative aspects, such as student conversations, expressions, and
collaboration. We intentionally positioned ourselves within the classroom to have an encompassing
and clear view of the students. I walked around the groups, stopping to audio-record and take notes,
and choosing optimal vantage points to observe multiple students simultaneously allowing for a
more comprehensive understanding of the collective experience. Qualitative data, including
observations, interviews, and field notes, can be analyzed thematically. After the completion of the
activity, I collected the teachers’ observation sheets and with my filed notes I identified recurring

themes, patterns, and meaningful concepts that emerged from the data and provided a
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comprehensive understanding of the qualitative aspects of the STEAM activity. These qualitative
measures collectively contribute to a holistic understanding of the STEAM activity and highlight
the participants’ experiences and perspectives. Through this qualitative approach, I gained valuable
insights into the intricate dynamics of art-based methods within the interdisciplinary context of
STEAM education. I also employed the constant comparative method by continually comparing
new observations with existing codes and themes to refine and deepen the analysis. Lastly,
throughout the observation process, I engaged in reflexivity by acknowledging my role as an
outsider and how my presence may influenced the participants’ engagement and reaction to the
activity. This self-awareness is crucial for mitigating biases and enhancing credibility. I collected
nuanced qualitative data from note-taking, strategic observation, and the observation sheets where
the data displayed a comprehensive understanding of the participants’ experiences, emotions, and
interactions during the STEAM activity. Furthermore, to enrich the dataset and enhance the validity
of the findings, the observation sheet was dispersed to the classroom teacher, who provided
additional insights and observations based on their pedagogical expertise and intimate knowledge
of the student’s capabilities and tendencies. The completed observation sheets were subsequently
collected, collated, and subjected to qualitative analysis to discern emergent themes, patterns, and
discrepancies in students’ engagement with the STEAM activity. This methodological framework
facilitated a holistic and nuanced understanding of the multifaceted dimensions of student
participation in STEAM learning experiences, thereby enriching the empirical basis for subsequent

interpretations and conclusions within the broader context of the doctoral thesis.

4.4.2.Semi- structured Interviews

The researcher was assisted with a list of math and science teachers who were interested in

partaking in the interview portion of this research. When the teachers agreed to the interview they
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signed the Participant Consent Form (refer to Appendix 2-4 ) and the information letter and format
of the interview were given to each participant. Individual semi-structured interviews were
conducted at times and locations convenient for each participant. All interviews were recorded and
conducted in a confidential and secluded manner, with only the interviewee and researcher present.
Interviews were chosen as an optimal method for gathering data on perspectives, experiences, and
personal narratives (Yin, 2014). The semi-structured interviews consisted of open-ended questions
aimed at obtaining teachers’ perceptions of STEAM education (refer to Appendix 8). Each semi-
structured interview lasted approximately 30-45 minutes. Regarding the students’ interviews, the
researcher asked the students if they were willing to participate, and if so they were given a
Participant Consent Form to obtain permission from their parents if under 18 years of age. When
the forms were collected, the interview was conducted at their respective schools with a teacher
present and the interviews lasted around 20-25 minutes. The semi-structured interviews contained
open-ended questions designed to acquire students’ perceptions of STEAM education (refer to
Appendix 8). Each semi-structured interview consisted of twelve questions posed to each
participant (refer to Appendix 8). The interviews were conducted in English, recorded, and later
transcribed for data analysis. All interviews were recorded for accuracy and replayed to ensure
precise transcription. Each transcript underwent a thorough review by the researcher at least three
times to guarantee accuracy. Research notes were carefully maintained by the researcher to capture
relevant gestures, sounds, or noteworthy occurrences during interviews that may not have been
captured by audio recordings. The researcher engaged in bracketing by setting aside all
preconceptions (Merriam, 2002). The researcher independently analyzed the transcripts which
involved a thorough reading and re-reading of field notes and transcripts to ensure accuracy and
identify significant statements and meanings. The researcher used a qualitative software planned

to highlight and group coded words around meaningful thoughts or ideas in the data, known as
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categorization. The objective is to discern patterns, themes, and meanings from interviewees’
statements and phrases. Lastly, the researcher reflected on what was transcribed about STEAM
education to see if the participants’ perceptions supported the main problem statement of the

research.

4.4.3 Thematic Analysis

The research applies a thematic analysis and follows the methodologies brought forth by
Merriam (2002). The researcher possessed the ability to empathize with the participants’ lived
experiences and essentially captured the relevance of their shared perceptions supplementing the
thematic analysis (Shank, 2006). Merriam (2002) describes coding as a process of questioning,
comparing, and drawing conclusions from the data to gain new insights. The analysis process
involves transcribing the recorded interviews, coding the data, classifying the coded data, and lastly
recognizing similar patterns and themes. The analysis began with the STEAM activities and
observation, subsequently, the researcher will employ the constant comparative method to code
and record data until emerging themes become apparent. The constant comparative method entails
breaking down the data into meaningful units and coding them into categories (Glaser, 1965).
Additionally, documentation and field notes were used to reinforce themes that were applicable
throughout the analysis process. The coding process began with open coding involving repeated
readings to identify concepts and categories regarding perceptions of STEAM which generated
numerous codes. These codes were subsequently organized into categories. The themes were
compared with the themes from the research notes and cross-checked against coded citations and
the entire dataset. A comprehensive review of the data was conducted to identify any additional
themes. The researcher iteratively read and re-read the data to continually identify themes until no

further themes emerged. The coding process was guided by the framework and procedures
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proposed by Miles et al. (2014) and involved two primary phases: the initial coding phase (first
cycle) and the subsequent pattern coding phase (second cycle). To begin, the researcher conducted
the initial coding phase, where data from interviews was systematically dissected into distinct
components. These components were then closely examined and compared to identify
commonalities and differences between teachers and students from Hungary and Palestine. This
initial coding phase employed two distinct methods: descriptive coding, which entailed assigning
concise labels to encapsulate the essence of data segments, and using MAXQDA, which directly
employed participants’ own words and phrases from the data. The subsequent pattern coding
(second cycle) was carried out to condense these summaries into a smaller number of categories
and themes. Throughout the entire coding process, the researcher maintained analytic memos, as
advocated by Saldana (2013). These memos served as documentation of the evolving coding
process, prompting deeper reflections by the researcher on the significance of the data. They
constituted a transitional phase bridging the gap between coding and the subsequent reporting of
the study’s findings. The data was stored, secured, and protected on the researcher’s laptop with a
protected password. Each participant had a folder labeled with a number and nationality to
distinguish between the participants and maintain participant confidentiality. Original paper
documents such as the researcher’s field notes and the teacher’s observational sheet were stored in
a locked file drawer at the researcher’s home and were then scanned to have a digital copy and
secured in a protected password folder. The final stage was data verification which involved
checking the legitimacy of the data by reviewing the transcripts and codes to prove the problem

statement (Sarantakos, 1998).
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4.4.4 Ethical Considerations

I submitted a research proposal to my faculty, who granted ethical approval before
commencing data collection at the Hungarian schools. Regarding the Palestinian schools, I
contacted the schools directly with the information letter about my research regarding the data I
will collect, and consent forms. Throughout the research process, I remained conscientious about
the potential impact on participants and society as a whole, ensuring appropriate conduct. Kumar
(2005) emphasizes the unethical nature of collecting information without participants’ knowledge,
willingness, and informed consent. Hence, I informed all participants that their involvement was
voluntary, and they had the liberty to withdraw from the study at any time. In the course of the
study, informed consent was obtained from all participants, who were also assured that they were
not obligated to answer any of my questions that made them uncomfortable. Participants received
advance notice of the interviews, an overview of the discussion topic, the type of information
sought, the research’s purpose, and how their provided information would be used. Before each
interview, participants were informed about the expected interview duration, and ample time was
allocated for them to ask any questions related to the research topic. All participants signed a
consent form, indicating their willingness to participate while ensuring confidentiality and
anonymity throughout the process. The information letter and consent forms are seen in Appendix
1-5 for reference. Participants were anonymized as Hungarian Teacher/Student (HT#1/HS#2)
Palestinian Teacher/Student (PT#14/PT15), and so forth. The research excluded any identifying
details such as their name, age, or school affiliation. Furthermore, given my role as an insider in
the research, measures such as the school teachers were employed to mitigate the potential
influence of insider status on data analysis and interpretation. I made sure to be mindful of the
participants and just focused on questions about the topic and I established a rapport with the
participants to encourage candid and transparent responses (Merriam, 2002).
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4.5 Limitations and Conclusion

The research design of this study exhibited several limitations. Firstly, the sample size for
the interview portion may have been insufficient to fully capture the significance of STEAM within
the data, thereby deterring the ability to generalize findings to a wider population. Thus, the limited
number of interviews conducted might not accurately reflect the diverse viewpoints and beliefs
held by all teachers and students in Hungary and Palestine regarding the significance of
incorporating STEAM education. Another notable limitation is the impact of COVID-19, which
likely affected the research process and outcomes. The global pandemic disrupted traditional
educational practices, shifting many teaching and learning activities to remote or hybrid formats.
This change in the educational landscape could have influenced the perspectives and experiences
of educators regarding STEAM integration. Furthermore, the absence of Canadian participants and
secondary schools in the research sample presents a limitation in terms of the geographical scope
and diversity of perspectives represented. Canada displays a rich educational landscape and diverse
cultural contexts that could have offered valuable insights into STEAM integration practices.
Therefore, the absence of Canadian participants diminishes the comprehensiveness and scale of the

research findings.

This chapter has provided a detailed overview of the research design and methods employed
in this thesis. The research design was carefully crafted to address the central research questions
regarding STEAM education. The research applied a qualitative approach using qualitative
methods such as interviews, document analysis, STEAM activities, and observations. This
demonstrated a nuanced exploration of the participants’ perspectives regarding the research topic.,

Despite the mentioned limitations, the chosen methods and design can offer valuable insights into
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the complexities of STEAM education and set the base for the following analysis and discussion

chapters.
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5. Data Analysis and Results

5.1 Introduction

The main point of this investigation is centered on the perceptions of educators,
administrators, and students regarding the integration of STEAM in a secondary educational setting
in Hungary and Palestine. The researcher aimed to deepen their understanding of how STEAM
education is being put into practice at the secondary level. Data collection for this research entailed
STEAM activities, observation, field notes, and semi-structured interviews. The thesis aimed to fill
a research void concerning the necessity and support for implementing STEAM in secondary
schools in Hungary and Palestine. STEAM education bridges students’ learning experiences with
their life experiences or cultural backgrounds, as highlighted by Hammond and Jackson (2015).
Teachers’ instructional approaches are also influenced by their cultural perspectives which impact
students’ learning outcomes. The research followed Yin’s (2014) methodology of data
triangulation and validating the research outcomes from various sources. This triangulation
involved comparing and verifying findings from teacher, administrator, and student interviews, and

observation notes to determine consistent conclusions.

Chapter 5 is structured into seven sections, each serving a distinct purpose. These sections
include the Participant Sample, STEAM activity and observation, Summary of the Findings,
Participant Sample, teachers and students interviews, Summary of the Findings, and Chapter
Summary. Firstly, the participant sample section provides a description of the research’s
participants and an overview of the demographics and characteristics of the participants. The Data
and Results sections present the collected data and the results of the analysis in an organized
manner to demonstrate a clear understanding of the study outcomes. The Summary of Findings

Section portrays the key themes derived from the coding process from the information gathered
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from the STEAM activity, observations, and semi-structured interviews. The section also illustrates
an overview of the major findings obtained from the analysis. The last section, Chapter Summary,

summarizes the main points that occurred from the study findings.
5.2 Participant Sample

Secondary schools were the main sample for this research to emphasize the lack of arts in
education. The researcher contacted, via email, various schools in Hungary and Palestine. The
introduction emails entailed the information letter regarding the research, an introduction of the
researcher, and a description of the data collection. Upon agreement with two Hungarian and three
Palestinian schools, the researcher met with a fellow teacher from each school to assist with
coordinating the dates and times to conduct the STEAM activities and interviews. The researcher
reached out personally to teachers and students to partake in an interview. Four-hundred ninety-
six students participated in the STEAM activities. Every individual before the STEAM activity
was given a consent form to sign and return to the researcher. Qualitative data was collected from
the STEAM activities and observations administered between the dates of October 2021 and March

2023.
5.3 STEAM Activity and Observations
5.3.1 Green City Activity

This STEAM activity that was conducted in the 11" and 12th-grade classrooms involved
the subjects of science and engineering. The name of the STEAM activity is “Green City”, in this
activity, students were put into groups of 3 or 4 depending on the size of the students in the class,
and where they were given A3 paper or a poster to create their version of a green or eco-friendly

city. Before dividing the students, the researcher gave a brief and short PowerPoint of what is a
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green city and some aspects of what makes a green city environmentally friendly by using photos

and infographics. After the short presentation, students began creating their green city, which took

about 30-45 minutes, depending again on the class time the school had assigned. Lastly, the

students presented their green city to the rest of the class which lasted about 10 minutes total. The

project samples from this activity can be found in Appendix 9.

Participants

Summary

Palestinian School #1- 111" Grade
Science Class
(16 Students)

Palestinian School #1- 121" Grade
Science Class
(15 Students)

Palestinian School #2- 111" Grade
Science Class
(15 Students)

Palestinian School #2- 121" Grade
Science Class
(22 Students)

Context Environment
Topic: Green/Eco- Seating
friendly City Arrangement:
Students have their
desks
Duration: 45’
Topic: Green/Eco- Seating
friendly City Arrangement:
Students have their
desks
Duration: 45°
Topic: Green/Eco- Seating
friendly City Arrangement:

Students have their
desks, but are
paired together

Duration: 50°

Topic: Green/Eco-
friendly City

Seating
Arrangement:
Student pairs are
seated in a two-
person desk

Duration: 50’
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First, the students were given a 10° PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 4 and
were given A3 papers to create their green city.
Students had to move around their desks in the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 10° PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3 and
were given A3 papers to create their green city.
Students had to move around their desks in the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3 and
were given A3 papers to create their green city.
Students had to move around the classroom to their
groups. The researcher began observing the groups’
activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3-4
and were given A3 papers to create their green city.
Students had to move around the classroom to get to
their groups. The researcher began observing the




Palestinian School #3- 111" Grade
Science Class
(22 Students)

Palestinian School #3- 12" Grade
Science Class
(23 Students)

Hungarian School #1- 11" Grade
Science
Class
(17 Students)

Hungarian School #1- 12" Grade
Science Class
(15 Students)

Hungarian School #2- 11" Grade A
Science Class
(26 students)

Topic: Green/Eco- Seating
friendly City Arrangement:
Students have their
desks
Duration: 45’
Topic: Green/Eco- Seating
friendly City Arrangement:
Students have their
desks
Duration: 45’
Topic: Green/Eco- Seating
friendly City Arrangement:
Students are seated
in pairs
Duration: 45’
Topic: Green/Eco- Seating
friendly City Arrangement:
Students are seated
in pairs
Duration: 45’
Topic: Green/Eco- Seating
friendly City Arrangement:

Students are seated
in groups around a
table

Duration: 60’
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groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 10’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3-4
and were given A3 papers to create their green city.
Students had to move around their desks in the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 10’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3 and
were given A3 papers to create their green city.
Students had to move around their desks in the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 10’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3-4
and were given A3 papers to create their green city.
Students had to move around in the classroom to get
into a group. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 10’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 3 and
were given A3 papers to create their green city.
Students had to move around to get to their group.
The researcher began observing the groups’ activity
and engagement. Later, each group presented their
green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 4-5
and were given white posters to create their green
city. Students didn’t have to move because they were
already seated in a group upon entering the
classroom. The researcher began observing the



Hungarian School #2- 11" Grade B
Science Class
(27 Students)

Hungarian School #2- 12" Grade A
Science Class
(25 Students)

Hungarian School #2- 12" Grade B
Science Class
(24 Students)

Topic: Green/Eco-
friendly City

Seating
Arrangement:
Students are seated
next to each other
in three rows in the

Duration: 60’ classroom
Topic: Green/Eco- Seating
friendly City Arrangement:

Students are seated
in groups around a

table
Duration: 60’
Topic: Green/Eco- Seating
friendly City Arrangement:

Students are seated
in groups around a
table

Duration: 60’

Table 7: Participants of the Green City STEAM Activity and Summary

5.3.2 Geometric City Activity

groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 4-5
and were given white posters to create their green
city. Students didn’t have to move because they were
already seated in groups in a row upon entering the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 4-5
and were given white posters to create their green
city. Students didn’t have to move because they were
already seated in a group upon entering the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

First, the students were given a 15’ PowerPoint
presentation from the researcher about the topic of a
green and environmentally friendly city. After the
presentation, the researcher explained the STEAM
activity. Students were then put into groups of 4-5
and were given white posters to create their green
city. Students didn’t have to move because they were
already seated in a group upon entering the
classroom. The researcher began observing the
groups’ activity and engagement. Later, each group
presented their green city to the class.

This STEAM activity was conducted in the 9" and 10" grade classrooms involving the

subject of mathematics. The name of the STEAM activity is “Geometric City”, in this activity,

students were put into groups of 3 or 4 depending on the size of the students in the class, and where

they were given A3 paper or a poster to create their geometric city. Before dividing the students,

the researcher gave a brief and short PowerPoint on a simple lesson about basic geometry and some
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examples of geometric cities by using photos and infographics. After the short presentation,

students began creating their geometric city, which took about 45 or 60 minutes, depending on the

class time the school had assigned for their math class. Lastly, the students presented their

geometric city to the rest of the class which lasted about 10 minutes total. The project samples from

this activity can be found in Appendix 10.

Participants

Summary

Palestinian School #1- 9" Grade Math
Class
(17 Students)

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Palestinian School #1- 10" Grade
Math Class
(16 Students)

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Palestinian School #2- 9" Grade Math
Class
(28 Students)

Context Environment
Topic: Geometric City Seating
Arrangement:
Students have their
desks
Duration: 45’
Topic: Geometric City Seating
Arrangement:
Students have their
desks
Duration: 45’
Topic: Geometric City Seating
Arrangement:

Students have their
desks, but are

Duration: 50’ paired together

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Palestinian School #2- 10" Grade
Math Class
(28 Students)

Topic: Geometric City Seating
Arrangement:
Student pairs are
seated in a two-

Duration: 50’ person desk

First, the students were given a 10’ PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
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engagement. Later, each group presented their
geometric city to the class.

Palestinian School #3- 9" Grade Math
Class
(16 Students)

First, the students were given a 10’ PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Palestinian School #3- 10" Grade
Math Class
(17 Students)

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #1- 9" Grade Math
Class
(16 Students)

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #1- 10" Grade Math
Class
(14 Students)

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #2- 9" Grade B
Math Class
(12 students)

Topic: Geometric City Seating
Arrangement:
Students have their
desks
Duration: 45’
Topic: Geometric City Seating
Arrangement:
Students have their
desks
Duration: 45’
Topic: Geometric City Seating
Arrangement:
Students are seated
in pairs
Duration: 45’
Topic: Geometric City Seating
Arrangement:
Students are seated
in pairs
Duration: 45’
Topic: Geometric City Seating
Arrangement:

Students are seated
in groups around a
table

Duration: 60’

First, the students were given a 10’ PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
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began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #2- 10" Grade Math
Class
(20 Students)

Topic: Geometric City Seating
Arrangement:
Students are seated
next to each other

First, the students were given a 10’ PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #2- 9" Grade A
Math Class
(20 Students)

Duration: 60’ in three rows in the
classroom
Topic: Geometric City Seating
Arrangement:

Students are seated
in groups around a

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

Hungarian School #2- 10" Grade B
Math Class
(24 Students)

Duration: 60° table
Topic: Geometric City Seating
Arrangement:

Students are seated
in groups around a
table
Duration: 60’

Table 8: Participants of the Geometric City STEAM Activity and Summary

5.3.3 Data Collection

First, the students were given a 10° PowerPoint
presentation from the researcher on a quick and brief
lesson on simple geometry rules and examples of a
geometric city. After the presentation, the researcher
explained the STEAM activity. Students were then
put into groups of 4 and were given A3 papers to
create their geometric city. Students had to move
around their desks in the classroom. The researcher
began observing the groups’ activity and
engagement. Later, each group presented their
geometric city to the class.

In this Ph.D. study, the observation method serves as a way to capture different insights into

students” engagement and behaviors during STEAM activities. | thoroughly documented

observations to reveal the diverse dynamics within the classroom environment. An observation

sheet was provided to teachers allowing them to offer supplementary perspectives on student

interactions and performances during these activities. Data collection commenced with the

researcher’s presence within the classroom setting, the researcher prepared a PowerPoint
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presentation regarding the STEAM activity, the researcher gave a 10-15 minute presentation and
explained the activity, and then students conducted the activity. The figure displays the process of

conducting the STEAM activity in a math or science classroom.

| utilized a participatory observation approach and was actively immersed in the learning
environment, keenly observing students’ actions, interactions, and reactions to the activity at hand.
Detailed field notes were diligently recorded by the researcher, and teachers recorded their
observations by completing the observation sheet to collect qualitative data about student
engagement levels, collaborative efforts, problem-solving strategies, and indicators of creativity
and critical thinking. This instrument facilitated systematic data collection and enabled teachers to
document appropriate and valuable observations regarding student behavior, academic
performance, and social interactions throughout the activities. Two research questions were

answered by conducting STEAM activities in secondary math and science classrooms.

RQ1: What are the key factors influencing the successful implementation of STEAM education
programs in secondary math or science classrooms?

RQ2: How does STEAM learning impact students’ learning experience, attitudes, interests, and
academic achievement?

These research questions were answered during the activity and when the researcher coded the
field notes and observation sheets into two thematic code groups, the positive advantages of

STEAM activities, and the challenges of conducting a STEAM activity in a math or science lesson.
5.3.4 Results

The detailed findings from these observations are crucial for a complex exploration of the
interdisciplinary learning environment. The themes that emerged from the observations and field

notes from this activity are displayed in the table below.
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Theme 1 Collaborative Decision Making
Theme 2 Dynamic Role-Shifting

Theme 3 Engagement

Theme 4 Creativity and Innovativeness
Theme 5 Positive Expressions/Emotions

Table 9: Summary of Observation and Field Notes

Several salient themes emerged from the observations conducted by both the researcher and
teachers, shedding light on various facets of student engagement and performance during STEAM
activities. Commencing with the first theme that occurred from observations and field notes was
that students were immediately ready to work together. Students began having discussions on how
they wanted to plan their city. Many groups are animated and lively about the activity. Observations
revealed that decision-making was not dominated by a one-person discussion; but rather, a
collective effort. Students actively participated in expressing their opinions and exchanging design
aspects, having a united approach to the creative process. Small groups were formed organically,
with students engaging in lively discussions about their artistic vision and how to incorporate
scientific concepts into the collaborative activity. The initiation of collaborative discussions
demonstrated a proactive approach to the interdisciplinary approach of the project. Throughout the
activity, observations further revealed a balance between divergent and convergent thinking.
During the beginning of the activity, students started with divergent thinking by brainstorming
different ideas for the activity. As the project progressed, there was then a shift towards convergent
thinking, where students collectively narrowed down their ideas to create a cohesive, unified, and
creative depiction of their green city. Therefore, observations have indicated a willingness among
the students to compromise for the collective benefit of the activity, depicting the ability for
effective communication and solutions. The first observation that was automatically seen was
collaboration. This theme was highly evident during the activity which revealed shared efforts

among the group participants. Primarily, the formation of the collaborative groups was natural and
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organic, highlighting students’ natural inclination to work together. As they commenced the
geometric art project, students gravitated toward one another and discussions about the activity
flowed seamlessly. This initial grouping not only showcased the social dynamics within the
classroom but also laid the base for the collaborative atmosphere that was portrayed throughout the
entire activity. Within these groups, the researcher observed animated discussions and exchanges
of ideas. Students actively engaged with one another, not only on the artistic factors of their city
but also on the different geometric shapes and tools to use to create their city. This observation was
taken a step further from just the collaboration aspect mentioned above. The discussions in the
groups revealed a collective sense of exploration and problem-solving, as students directed the
connection between art and math. This collaborative problem-solving was particularly evident
when groups faced challenges in merging artistic creativity with mathematical accuracy when using
specific tools to create geometric shapes. The observation further revealed a versatile approach to
problem-solving, reflecting the students’ capacity to adapt, think critically, and creatively address
issues encountered during the activity. Initially, students grasped the task of trying to mix art into
this geometry activity, by discussing different designs, what shapes to use, what places will be in
their city, and how to be innovative. This creative problem-solving displayed the students’ ability
to pilot the differences between blending art and math. There were also instances where some
groups restarted their activity by taking another paper to re-design or rec-create their city or making
adjustments based on mathematical considerations emphasizing the application of problem-solving
skills. This mirrored real-world problem-solving situations where adaptability and adjustment are
essential. The observations underline the importance of cultivating adaptive thinking and

collaboration which are crucial skills to their broader academic and professional development.
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The next theme that emerged from analyzing the data was dynamic role-shifting. Throughout
the activity, roles within the groups were also dynamic. Students were shifting between leadership
roles from being active contributors to having supportive roles. The fluidity of roles ensured that
each participant had opportunities for both individual expression and collaborative contribution.
From this activity, students showcased the adaptability and flexibility of navigating the STEAM
activity. The observation of dynamic roles within collaborative groups during the STEAM activity
provided beneficial and valuable insights into the adaptability of student interactions. One aspect
of the dynamic roles was the alternation of leadership within the collaborative groups. At different
stages of the art activity, various students took on leadership roles, pushing them into making
decisions about the activity and providing guidance to their teammates. Therefore, the STEAM
activity allowed each student the opportunity to exercise leadership skills and provide their ideas
and perspectives to succeed in their activity. This led the observer to view how most students were
active contributors to the activity. Some students began taking the lead in proposing artistic ideas
and explaining different scientific terms and concepts, other students were giving feedback, some
with better artistic abilities took initiation in drawing or sketching, other students were
communicating effectively with the group, and lastly, some students were giving positive
encouragement to their teammates regarding the ideas about the activity. In conclusion, these
observations portrayed how students were collaborating in their group to create a unique and
thoughtful green city. Through this role-shifting student demonstrated different skill sets that
contributed to the overall success of their STEAM activity. Some students had artistic skills in
drawing, some students enjoyed coloring, and some students preferred sketching their city. It was
important to view how each student used their strength in the group to complete the activity. Thus,
recognizing students’ preferred skills demonstrated an acknowledgment of individual strengths

within the collaborative context, promoting an inclusive and well-rounded approach to the art
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activity. The thorough field notes taken during each session of the collaborative STEAM activity
further enriched the qualitative analysis, capturing the details of student engagement,
innovativeness to the activity, and expressions. The following detailed notes and findings emerged
from the observation. The observer wrote notes consistently during the activity process and
documented high levels of engagement among the students. Regardless of perhaps never
accomplishing or conducting a STEAM activity before, there was a profound enthusiasm and
commitment to the activity especially during the collaborative process. Students’ engagement
created an atmosphere of collective creativity and shared learning. The diversity of artistic
contributions was a striking feature noted in the observer’s notes. Students embraced a range of
creative expressions, experimenting with different colors, textures, and artistic techniques. From
sketching representations to then creating detailed illustrations of their green city, therefore, the
notes illuminated unique and contrasted styles from each participant which impacts the
collaborative learning process. Many students portrayed the importance of innovation through their
green city posters. Each group was different and illustrated innovative ways to make a green and
eco-friendly city. Students brought forth different and unique concepts on how to promote a green
city, which showcased a forward-thinking approach to the connection of art in science and
engineering. Students’ green cities illustrated a plethora of colors and different color schemes.
Students wanted to color to demonstrate the different aspects of their green city. Vibrant and
contrasting colors are usually used when there is a sense of excitement and enthusiasm, while some
groups use subdued tones or just black and white which can portray a thoughtful and contemplative
mood. The classroom setting presented a dynamic environment where students enthusiastically
participated in the activity requiring them to visually interpret and represent mathematical
principles through artistic means. The diverse range of artistic approaches employed by the students

was markedly noteworthy. Some students chose to create intricate geometric patterns, while others

102



embraced abstract representations, demonstrating a range of artistic interpretations. There was a
diversity of artistic styles observed that underscored the individuality and creativity of each student,
revealing a variety of perspectives within the learning environment. This art-math integration not
only deepened the students’ comprehension of mathematical concepts but also explained the
complex nature of artistic expression. More importantly, this activity strayed away from the
conventional pedagogical methods where it encouraged students to explore mathematics through a
personal and imaginative perspective leading to engagement within the classroom. Notably, the
next observation displayed from the geometric cities was the utilization of a colorful palette. As
students engaged in constructing geometric cities, the colorful spectrum of colors used to represent
various mathematical elements was visually appealing. The careful consideration and intentional
use of color in this context were indicative of a thoughtful integration of aesthetic choices with
mathematical concepts. Students seamlessly incorporated shades and tones to portray geometric
shapes, highlight patterns, and articulate spatial relationships within their city. The colorful palette
served as a visual aid enhancing the precision of the mathematical concepts under consideration.
This observation demonstrated how visual elements can boost and increase the understanding of
geometric principles, making the learning experience more engaging and impactful for high school
students. The exploration of color within the context of the geometric city activity provides useful
awareness of the correlation between art and mathematics. This contributes to the bigger discourse
on innovative interdisciplinary teaching approaches and methods. The next observation that stood
out was precision and attention to detail when the students were creating their geometric cities. The
students approached the task with a keen focus on accuracy, using and asking for rulers or
protractors to ensure precise angles and dimensions in their geometric constructions. This detail to
precision not only displayed a deep understanding of mathematical concepts but also portrayed the

students’ ability to interpret abstract notions into tangible and accurate visual representations.
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Additionally, students added details and were comprehensive with their geometric cities by being
committed to depicting an excellent city where they could add art to math concepts. This
observation shows how art can be incorporated into a math class and how students appreciate,
engage, create, and enjoyably understand math. Art in a mathematics class benefits
interdisciplinary teaching methods, linking the gap between the worlds of art and mathematics in

the high school curriculum.

The next observation that was displayed from the group STEAM activity was critical
thinking skills. The observations revealed a multi-layered approach to critical thinking,
encompassing analytical perceptions, evaluation of concepts, and the combination of information
to create a cohesive and meaningful artistic project combined with mathematical notions.
Analytical reasoning was significantly exhibited as students grappled with the task of incorporating
geometric concepts into their artistic designs. When students were using mathematical principles
it required a thorough and careful use of angles, symmetry, and precision within the creative
process, thus some groups were using geometric tools to make their shapes as accurate as possible.
This portrayed their capability to deconstruct abstract concepts and make them tangible and
visually appealing. Students were observed assessing the effectiveness of their artistic choices
about the geometric concepts. This ability demonstrated a high level of cognitive engagement and
reflective thinking. Combining the information from what they know in geometry and art
effortlessly was displayed during the activity. The mixture of art and math blended very easily
through their city and conveyed a personal and creative interpretation. This reflected the students’

capacity to connect and unify diverse knowledge domains.

The last theme that was displayed from the observations and field notes was students’

positive expressions and emotions towards the STEAM activities. Verbal expressions were
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captured in the field notes, revealing the language used by students to express their thoughts and
reflections on the collaborative process during the STEAM activity. These phrases were mostly
heard and written down by the observer, such as, “We decided to,” “We thought about it this way,”
“Let's try this,” and “I think it looks better this way” were recurring. This depicted a shared sense
of ownership and decision-making in the groups. In the Hungarian School 2+3, some students were
discussing in Hungarian so the teacher that was in the class translated for me the common phrases
that we recited from the students mentioned above. A sense of excitement and enthusiasm among
the students was displayed and students were eager to explore the use of art in science, math, or
engineering topics. Students were energetic and enthusiastic about the STEAM activity because
they were ready to try something new and different in their science class. Students were excited
about being creative and working in a group that could lead to a positive effect on their learning
experience. The next emotion that was presented from the observational notes was pride when
students were discussing their ideas among their group and when they presented their green city to
the class. They also felt accomplished after completing their green city because they were able to
create and produce their green city and how they thought it should look. Therefore, this portrays
how art can benefit science and how interconnected they are. The collaborative posters served as a
tangible representation of their combined efforts and creativeness. The subsequent expression that
was noted was general curiosity and a genuine interest in exploring how art can be integrated into
a science, math, or engineering lesson. Students were curious about learning new concepts and how
one can be impacted by using art in a science class. Students were ready to delve into and explore
this STEAM activity by connecting prior theoretical concepts with artistic creativity forming
inventive posters. To sum up, the observations and field notes produced a comprehensive
understanding of the student’s interactions during the collaborative STEAM activity. These

findings contribute valuable insights into the expansive perspective of collaborative learning,
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artistic expression, and social dynamics in a group activity. During the observation process, an
array of facial expressions was flashed by the students during the activity. As students engaged in
the creative process of constructing their geometric cities, their facial expressions mirrored a wide
range of emotions and cognitive processes. Some students had expressions of deep concentration,
furrowing their brows as they precisely measured and crafted different geometric shapes. Others
have shown looks of satisfaction and accomplishment as they successfully translated abstract
mathematical concepts into visually appealing cities. Students also displayed expressions of being
thoughtful to their classmates regarding their ideas, and determination to complete their geometric
cities. The variety of facial expressions uncovered the interaction between the cognitive
engagement expected by the mathematical aspects of the task and the emotional responses
prompted by the creative process. Thus, the observation of varied facial expressions in the
geometric city activity shows that students were willing to engage in the activity, were motivated,
and displayed enthusiasm towards the STEAM activity. As students engaged in the activity, their
verbal communication displayed different tones and content. During the collaboration process,
observations of students exchanging ideas and discussing creative choices about their geometric
city. Some students verbalized their problem-solving strategies by explaining their thought
processes, while others sought different explanations and methods through questions. Moments of
positive support from the teammates in each group were displayed, students were encouraging one
another and accepting the ideas that were flying around. Through the use of communication and

being verbal to one another can enrich the student’s learning environment.

Challenges of Implementing STEAM Activity

The qualitative analysis of the STEAM activity did bring some challenges that the

researcher and teachers have depicted and understanding these challenges is crucial for grasping
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the complexities and limitations of employing interdisciplinary approaches in education. The table

portrays the themes that were brought forth from the challenging aspect of conducting a STEAM

activity.
Theme 1 Time Constraint
Theme 2 Surface Level Integration
Theme 3 Unequal Participation
Theme 4 Artistic Abilities

Table 9: Themes of the Challenges of Implementation

The observation of students during the STEAM activity highlighted challenges in balancing time
effectively. The amount of time for the science class was not enough, because the students had a
time restraint to finish their green city. Some students rushed to the end of their project when not
much time was remaining for the class. Also, when the groups were presenting their green city to
the class it was rushed to go through it very quickly because again of the time limitation. The
observer also notes how trying to finish up with the STEAM activity can display negative effects
on academic performance. Several participants showed concern that the time invested in the art
project lessened their focus on the main science or engineering aspects, potentially resulting in
lower grades and heightened academic stress. The impact on academic performance raises
questions about the viability of effortlessly integrating art with challenging science or engineering
topics. The time dedicated to the art component of the STEAM activity seemed very limited, which
left some students with a surface-level understanding. The integration of art, while displaying many
benefits could also have a disadvantage when it comes to time. The time felt constrained when
students were creating their geometric cities and some were not able to color their cities or go into
more detail to make their city different and innovative. Therefore, when implementing an art

activity in any STEM subject class, teachers need to maintain and balance time when integrating
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art into math. Teachers also need to find time for in-depth mathematical study to achieve a

comprehensive and meaningful learning experience.

Another challenge displayed through the STEAM activity was discussing surface-level
concepts on the importance of green cities. Since the activity was done in the span of one class,
basic knowledge was only permitted of the topic. The observer could not delve into deeper
understandings and concepts and this approach promotes only surface-level knowledge integration.
This limited integration could raise concerns about the effectiveness of using art in a science class
in achieving educational goals. From this challenge, teachers should target and focus on strategies
to convey deeper and meaningful learning goals to the students if implementing art-based methods
in STEM subjects. During the STEAM activity, there was a decrease in some students’ focus on
some geometry concepts. The integration of art into the math activity might have unintentionally
shifted the students’ attention away from fundamental mathematical principles. The appeal of being
creative and innovative during the activity could have led to a decline in understanding and having
accurate shapes of the city. This result emphasizes a potential disadvantage of integrating STEAM
activities if not thoroughly aligned with fundamental learning objectives. Some students
demonstrated signs of frustration during the STEAM activity, suggesting a potential misalignment
with their preferred learning styles. STEAM is under the spectrum of being multidisciplinary, so
some students might not be able to relate to this approach, are not used to this approach, or cannot
fully resonate with them. Some students prefer learning in the traditional environments so being
creative and engaging could lead to discomfort or disconnection to the lesson. Educators need to
consider individual learning preferences when designing and implementing STEAM activities
guaranteeing that they can accommodate all students. Additionally, observation notes uncovered

occasions of unequal participation among students in the group, despite efforts to encourage
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collaboration. Some students took on more passive roles during the art project, leading to
inequalities and differences in contributing to the collaborative green city activity. The unequal
participation not only hampered the overall success of the collaborative effort but also raised
questions about the inclusivity and effectiveness of interdisciplinary activities within a varied
student population. Another challenge that was presented during the activity was the unequal
participation levels of several students. One of the main benefits of using art in a STEM subject is
an increase in students’ engagement in the lesson, but some students did not fully engage or
participate during the activity. This could be credited to students who feel they are not confident in
their opinions, may not have any prior knowledge of the subject, maybe they thought it was
complicated, or students find the activity boring. This leads to unequal participation in the activity,

but that isn’t the intention of the STEAM activity.

The last challenge that was presented during the observation process was instances where
students expressed frustration with using and implementing different artistic methods or not
enough art resources being provided in the class. Some students felt restricted from the materials,
deterring their ability to fully realize their creativity within the scientific context. Frustration was
raised from this challenge and thus led to the influence of negative emotional tones during specific
stages of the STEAM activity. Therefore, this challenge shall be questioned and examined for
future reference to be able to adapt and have an accommodating approach when students want to
artistically express themselves. The last drawback displayed from the STEAM activity was the
terms of assessing and evaluating students. Traditional assessment methods could make it difficult
to capture the entirety of student engagement, as the activity ordered a combination of analytical
and imaginative skills. Calculating the success of the activity went beyond using and displaying

correct geometric shapes; it required pleasure in using artistic styles, expression, creativity, and the
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ability to communicate and use mathematical concepts visually. Therefore, the challenge lies in
developing proper assessments that deal with the mathematical and art concepts of the activity.
This observation portrays how necessary it is to have innovative assessment strategies designed for
interdisciplinary projects. Thus, educators need to carefully consider different assessment

strategies when conducting STEAM activities.

Conclusion

The results of the qualitative analysis from the observation perspective of the STEAM
activity portray positive and a few negative effects of integrating art-based methods into a science
and engineering class. These effects encompass challenges in time management, limited integration
of scientific concepts, and unequal participation. However, to develop teachers and schools should
acknowledge and address these challenges because it is crucial for refining interdisciplinary
approaches and ensuring a more equitable and effective educational experience for high school
students. In better light, observations and field notes feature the significance of collaboration in the
STEAM activity encouraging a holistic and engaging learning environment for the students. The
results of the qualitative analysis indicate that integrating art-based methods within a science and
engineering class can positively impact students' creative expression, social interaction, and sense
of accomplishment. The interdisciplinary approach not only improves their academic experience
but enriches their learning environment and promotes lifelong learning. The findings display
positive and enthusiastic reactions from high school students. Art’s role as a powerful visual
communicator plays a vital part in science simplifying complex scientific concepts, depicting
intricate data visually comprehensible, and aiding in the representation of information. Through
illustrations, diagrams, and charts, artists help scientists and researchers convey their findings with

clarity and precision. Visual representations and data visualizations not only enhance the
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accessibility of scientific information but also enable the identification of patterns, trends, and
anomalies within datasets. In conclusion, art is an indispensable companion to science enriching it
with its capacity to simplify and communicate complex ideas, fostering creativity and innovative
thinking, promoting science outreach and public engagement, facilitating interdisciplinary
collaboration, and contributing to the cultural significance of scientific endeavors. The integration
of art into the realm of science enhances scientific understanding and progress, enriches the human
experience, and invites individuals to explore and appreciate the intricate beauty of the natural
world and the mysteries that science seeks to unravel. This STEAM activity has exhibited many
positive aspects from the students’ reactions to engaging in the activity and expressing their
learning styles. Students displayed a collaborative manner where they worked in groups and
enjoyed working together in the activity. Students were excited and enthusiastic regarding the
activity, students displayed their creativity and created unique geometric cities using different
colors and shapes. Furthermore, the content analysis revealed the theme of continuous engagement,
indicating that students remained fully immersed in the creative process from beginning to end
with minimal instances of distraction or even assistance. Overall, this in-depth content analysis
offers how STEAM activities can benefit students by promoting collaboration, engagement,

creativity, problem-solving, and the cohesiveness of art and mathematics.

5.4 Semi-structured Interviews

The data analysis process involved coding the interview data using MAXQDA, a qualitative
data analysis software, to discern patterns, themes, and concepts within participants' responses.
Initially, codes were generated based on the research notes taken during interviews, encompassing
seven initial codes such as frustration, STEAM integration, district administration, engagement,

relevance, partnerships, and challenges. Subsequent rounds of coding revealed additional codes
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identified during interviews, necessitating further review and refinement. The researcher
meticulously examined and transcribed the interviews and refined the coding structure by
incorporating new codes and reviewing existing ones against relevant literature. Using MAXQDA,
codes were organized into thematic groups, with quotations attributed to each code subsequently
reviewed to establish subcategories. The data was then re-examined to allocate it to appropriate
subcategories within respective themes. Quotes associated with each subcategory within a theme
underwent thorough scrutiny to ensure alignment with the overarching theme and specific
subcategory. This analytical process was applied to both teacher and student interviews, warranting

comprehensive exploration and interpretation of the data collected.
5.4.1 Participant Sample

The researcher approached teachers who expressed their interest in participating in the
study. These participants were subsequently requested to confirm and fill out the consent form to

be involved in the research. The two main criteria encompassed the following two elements:-

1. A high school teacher in the following subjects, math or any science subject.

2. A high school teacher over the age of 25.

Face-to-face interviews were chosen over telephone interviews due to their ability to provide a
more naturalistic setting when investigating a social phenomenon, as advocated by Heppner,
Kivlighan, & Wampold (1999). These in-person interviews were conducted over one year,
spanning from October 2021 to November 2022. Some interviews were recorded audibly and the
rest were transcribed. All the interviews occurred in the teacher's classroom or the break room. The
principal’s interviews took place in the office of their school. Informed consent for the interview

and audio recording were obtained before commencing the interview and initiating the recording
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process, as seen in Appendix 2-4. All 23 interviews were voice recorded, and the audio file was
erased after transcription. As a result, all interviews for this study were conducted anonymously.
Following that, each interview will be recognized by the countries HU- Hungary or PA- Palestine,
the interviewee’s position- Teacher or Principal; and the interviewee’s code number (e.g., HU
Teacher 1, HU Principal 1, PA Teacher 1, PA Principal 1,... and so forth). The difficulty in finding
and interviewing participants, especially throughout a pandemic and post-pandemic, explains in
large part the discrepancy in the number of Hungarian and Palestinian interviewees (teachers and
students). The interview durations varied, ranging from 30-40 minutes. The sample of this part of
the study comprised 23 high school teachers in Hungary and Palestine regarding their perspective
on STEAM education. The teachers were selected through a combination of criteria. The

characteristics of the sample are presented in the Table below.

Selection Criteria Reason

Must be teaching at secondary school grade levels Because there has been less emphasis on
teachers’ beliefs and practices of encouraging
creativity in the secondary school context
(Andiliou & Murphy, 2010).

Must be over the age of 25. Research into the efficacy of teachers indicates
that as teachers gain more experience, their
effectiveness tends to improve (Kini &
Podolsky, 2016). In this part of the research, the
objective was to investigate the insights of
teachers’ perspectives regarding art-based
methods in STEM education.

Must be teaching a STEM course, for example, science  During this part of the research, the purpose is to

or math. obtain the perspective of a science or math
teacher regarding integrating art-based methods
in their lessons. They can offer valuable insights
into the realities and challenges of incorporating
art-based methods, providing a different
understanding of their impact on student
learning.

Table 10: Teacher Selection Criteria
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5.4.2 Teacher Interviews

In this section, the research delves and discovers the themes that emerged from the
interview process and the subsequent analysis of the data. The central themes that surfaced after
scrutinizing the data from the individual’s perspective regarding STEAM education demonstrated
a positive learning experience and a few challenges for implementing STEAM into curricula. The
research questions were answered throughout the interview process: What are the perspectives of
educators and school leaders regarding STEAM education? What are the challenges educators and
school leaders face in integrating STEAM education within their educational institutions? How do
educators assess the level of significance and long-term viability of STEAM programs within their

educational institutions?

Hill et al. (2005) recommend the creation of an interview protocol comprising 10-15
questions, including inquiries, to be completed within a 25- 30 minute time frame. The set of
interview questions initially consisted of 10 questions along with several other questions. The
researcher wanted to create a strong rapport among the participants therefore, the interviews
commenced with simple background questions, per Hill et al.’s (1997) recommendations. These
questions sought to make the participant feel at ease, and also in collecting demographic and job

title information.

The research questions for the semi-structured interviews’ main aim was to gain in-depth
insights into the subject matter. These questions are designed to obtain detailed responses from the
participants and allow the researcher to explore various factors of the topic. Common themes
include understanding participants’ experiences, perceptions, and attitudes related to STEAM
education. The research questions focus on uncovering rich qualitative data that can inform a
deeper understanding of the phenomenon being studied.
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RQ1: What are the similarities and differences between teachers’ perspectives of students’
learning outcomes when integrating STEAM in Palestine and Hungary?

RQ2: How can teachers implement successful STEAM lessons in the classroom?

RQ3: What are the challenges teachers face when attempting to integrate STEAM activities
into their lessons?

RQ4: How do students perceive STEAM’s benefits and challenges in developing their
learning experience?

5.4.3 Results

STEAM education has gained popularity and recognition from educators and researchers

regarding its benefits and importance in enhancing a student’s learning experience. These are the

main themes collected from the teacher’s perspectives regarding STEAM education.

Research Question 1: Educators discuss similar values when describing the effectiveness of
STEAM education on students’ learning outcomes.

The main description and themes that emerged from the teachers’ perceptions regarding

STEAM education efficiency towards students’ learning is that STEAM integration practices

support students’ learning experiences by focusing on student engagement, shifting the traditional

teacher-led model to teacher-facilitated instruction. The table below demonstrates the themes that

arose from research question 1.

Thematic Category STEAM Integration on Students’ Learning Outcomes
Theme 1 Creativity
Theme 2 Interdisciplinary Learning
Theme 3 Engagement
Theme 4 Communication Skills
Theme 5 Critical Thinking
Theme 6 Collaboration
Theme 7 Problem-Solving Skills
Theme 8 Hands-on Learning
Theme 9 Long-Term Retention
Theme 10 Growth Mindset
Theme 11 Real-World Applications

Table 11: Themes from RQ 1
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Enhanced Creativity

Teachers often find that art-based methods stimulate students' creativity. They encourage
students to think outside the box, come up with innovative solutions, and explore the artistic aspects
of scientific concepts. This creativity can be a valuable skill in STEM fields. Enhancing creativity
in STEM education through art-based methods is a compelling approach, drawing support from

various prominent educational theories.

“Creativity is the livelihood of learning, the very essence that turns mundane information into lifelong
knowledge. It's through creativity that we encourage students to question, explore, and discover” (HU
Teacher 3).

Similarly a teacher quotes,

“Creativity is more than just a skill; it encourages students to seek answers, to explore new perspectives,
and to make connections that others might overlook. It's the key that leads to a lifetime of learning” (PA
Teacher 15).

The first two quotes emphasize the critical role creativity plays in the realm of education. They
highlight how creativity transforms the ordinary asset of information into a profound and enduring
understanding by encouraging students to question, explore, and discover. Creativity becomes the
means of learning which introduces strength and relevance into the educational process. The notion
that creativity is not merely a skill, but a method for seeking answers, exploring diverse
perspectives, and building connections emphasizes its transformative power in shaping individuals

into lifelong learners

Another teacher expressed their perspective by stating that,

“This world has been increasingly driven by technology, so creativity stands as the last stronghold of
human individuality. It allows students to think, feel, and express in ways that technology and other
machines cannot. Teachers need to push forth for students to foster being creative” (PA Teacher #18).

Two teachers with similar views about creativity explain that,

“Creativity can be a versatile tool that should be integrated into every subject. It acts like a bridge
between information innovation” (HU Teacher 7).

“Creativity in the classroom is a necessity because allows the students to be curious and passionate
about a subject” (PA Teacher 16).
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These perspectives suggest that creativity grants students a unique space for cognitive and
emotional expression. They propose that creativity acts as a versatile tool, forming a bridge
between the achievement of information and the realm of innovation. Underlining the necessity of
creativity in the classroom, another teacher points out its role in fostering curiosity and passion
among students. Collectively, these viewpoints connect on the idea that in an era dominated by

technology instilling creativity becomes a pedagogical imperative.

The Principal of the Palestinian school stated,

“Creativity is not only about painting pictures or doing arts and crafts; it's about creating new ideas and
painting solutions. It's a universal language that every student should learn to speak.”

Another teacher expressed their opinion about creativity,

“We should nurture creativity to students and empower them to become critical thinkers, compassionate
individuals, and imaginative problem-solvers” (HU Teacher 6)

Likewise, PA Teacher 19 voiced how,

“Creativity is the spark that changes passive learners into active participants. Students can begin to
embrace every challenge as an opportunity to create, explore, and grow.”

The principal and the teachers collectively advocate for a universal understanding of creativity in
education. They delve into creativity that goes beyond traditional artistic expressions portraying
how it equips students to formulate new ideas and solutions and the importance of fostering
creativity to promote critical thinkers, compassionate individuals, and imaginative problem-
solvers. Furthermore, they also suggested how creativity transforms passive learners into dynamic
contributors. The overarching message that emerges from these educators is that creativity is a
complex tool, not only enabling students to engage in artistic endeavors, but training them with the

skills to navigate challenges, grow, and actively contribute to their learning journey.

“Creativity isn't just for students who are already artistically gifted, but for everyone. It has the ability
to adapt, rethink, and reimagine how students perceive certain issues that are constantly evolving” (PA
Teacher 21).
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HU Teacher 12 conveyed,

“When implementing creativity in the classroom, it could empower students to question real-life
scenarios. Can help them find their voice and encourage them to make a difference.”

Creativity in the classroom can be very vital as portrayed from these teachers’ perspectives. It
catalyzes engagement and effective, and holistic education. It empowers both students and
educators to exceed the boundaries of traditional teaching and learning methods. By promoting
creativity in the classroom, educators can create an environment that nurtures curiosity,
exploration, and critical thinking. Creative classrooms can celebrate diversity of thought and
expression, and inclusivity by recognizing and valuing students’ perspectives. Essentially,
creativity in the classroom is not just about producing art; it's about nurturing experienced and
innovative thinkers who are equipped to face the challenges of the future. Therefore, teachers
should embrace creativity as a positive educational tool, where it allows students to become active

and independent learners.

These quotes and opinions underscore the immense significance of creativity in education,
emphasizing how it nurtures interest, resilience, innovation, and critical thinking, and equips

students with new skills to use in their future.

Interdisciplinary Learning

Art-based methods promote interdisciplinary learning by combining the analytical thinking
of STEM with the creative thinking of the arts. Teachers appreciate that this approach helps
students make connections between seemingly unrelated subjects. Interdisciplinary learning, which
integrates multiple academic disciplines into a unified educational approach, is strongly grounded
in various educational theories that emphasize the importance of holistic and interconnected

knowledge acquisition.
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Starting with some teachers (HU Teachers 7, 13, PA Teachers 14, 15) emphasized how
students can develop their learning experience when weaving art into traditional subjects, as

illustrated by these words:

“Interdisciplinary learning through art is a journey that exceeds the boundaries of traditional
subjects. It encourages students to explore the connections between math, science, or history, and
the arts can adopt a more comprehensive understanding of the world” (HU Teacher 13).

Other teachers highlighted that interdisciplinary learning with art can encourage students
to think, explore, and innovate across various fields (HU Teachers 2, 11, PA Teachers 15, 21).

These teachers emphasized the role of art in the classroom where it,

“It cultivates well-rounded individuals; students have different abilities and interests, and when a
student is creative in a certain area, we [teachers] should try to identify and support them” (PA
Teacher 21).

Similarly, a HU Teacher 11 stated,

“Using different art-based methods in interdisciplinary learning is not just about producing beautiful
pieces; it's about creating accomplished students who can steer the difficulties of the modern world
by drawing on a wide range of knowledge and skills.”

A few teachers have supported the thought that interdisciplinary learning can instill lifelong

learning in students (HU Teachers 11, 12, PA Teachers 13, 23).

“When trying to teach interdisciplinary learning through art, it isn’t only about instructing
knowledge; it's about teaching a lifelong love for learning. It should nurture students’ ability to
think critically and make connections” (PA Teacher 23).

“Art can be an integral part of interdisciplinary learning and can spark creativity, curiosity, and
critical thinking allowing students to explore the intersections of knowledge and wanting to
continue to learn” (HU Teacher 12).

Additionally, some teachers have expressed that interdisciplinary learning is a balance of using

multiple intelligences (HU Teacher 5, 10, PA Teacher 16, 22).

“Interdisciplinary learning should develop a balance between left-brain analytical thinking and
right-brain creative thinking, making students more multitalented and adaptable” (HU Teacher 5).

“Art adds color to interdisciplinary learning, making it a deepening and multidimensional
experience. It uses the multiple intelligences creating a sense of balance” (PA Teacher 22).
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The journey towards embracing interdisciplinary learning comes with its challenges. One
significant challenge lies in the potential development of uncoordinated curricula. Integrating
multiple subjects seamlessly requires a careful balancing act to ensure that the interdisciplinary
approach enhances the depth of knowledge in each subject area. Achieving this demands accurate
and thorough planning and collaboration among educators to design curricula that are both
comprehensive and well-integrated. Additionally, another challenge is having effective
collaboration among teachers from diverse disciplines; breaking down traditional subject-specific
teaching may cause difficulties in supporting teaching methodologies and assessment strategies.
To overcome these obstacles, schools require a change where that highlights the importance of
collaboration and shared goals for both educators and administrators. Teacher competencies
become a crucial factor in the success of interdisciplinary learning. Educators must not only be
experienced in their respective subjects but also have the skills to connect and integrate diverse
fields of knowledge. Professional development opportunities that focus on interdisciplinary
teaching strategies and methodologies are necessary to train teachers with the necessary

competencies for successful implementation.

Thus, art plays a pivotal role in interdisciplinary learning by adopting creativity, critical
thinking, and a universal understanding of various subjects. Its significance provides a unique
perspective on complex topics. This approach encourages students to think outside the box,
promoting problem-solving skills and a deeper comprehension of the interconnectedness of
knowledge. In essence, art enriches interdisciplinary learning by broadening students’ horizons,

encouraging innovation, and cultivating a wide education.
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Engagement

Art-based methods like drawing, painting, or creating music can engage students in ways that
traditional lectures and textbooks may not. Teachers notice that students become more enthusiastic
about STEM topics when they are presented in a visually appealing manner. Engagement in
education is a vibrant concept that transcends both old and new educational theories while being
continuously informed by cutting-edge research. Many teachers have conveyed that when using

art-based methods it promotes engagement from students in their classroom.

PA Teacher 14 stated,

“Engagement is the heartbeat of learning, with art-based methods it can allow students to want to be
involved in the classroom more.”

Likewise,

“When we, teachers, integrate art into education, we can try to transform the passive students to more
active. Active participation can be created in the classroom” (HU Teacher 9).

“It's about turning observers into performers and explorers” (PA Teacher 16).

This quote is similar to Augusto Boal, a prominent Brazilian theater practitioner and disciple of
Paulo Freire who transformed the theatrical landscape with his powerful concept that “spectators
turn into actors”. This transformative idea lies at the core of Boal’s renowned method in the
Theater of the Oppressed where he envisioned theater as a powerful tool for social change
demonstrating how the traditional boundary between performer and audience dissolves. In this
concept, spectators aren’t passive observers, but they become active participants in the unfolding
drama. Boal’s approach encourages individuals to engage with societal issues promoting
empowerment and action. Through techniques such as Forum Theatre, Boal invites participants to
step into the shoes of the oppressed to explore alternative solutions and challenge oppressive

structures.
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Most of the teachers have shared related perspectives when implementing art-based methods it can

enhance the student’s learning when they start engaging in the classroom (HU Teachers 3,5,6,7,8,

PA Teachers 13,14,15,17,18,19).

“Art-based methods are the scope of engagement in education. It empowers students to immerse
themselves in the learning process” (HU Teacher 5).

“Art-based methods add a layer of excitement and discovery that makes education an adventure rather
than an obligation” (HU Teacher 7).

“When students engage in the classroom it allows students to wonder, explore, and feel interest in the
subject” (PA Teacher 18)

From these teacher’s perspectives using art-based methods in education extends the scope of
engagement by providing students with a dynamic platform to immerse themselves in the learning
process. Teachers can transform the classroom into a space where students not only fulfill academic
obligations but have a sense of discovery which fosters a genuine interest in the subject matter that

creates a rich and fulfilling educational experience.

Palestinian teachers also shared similar views to Hungarian teachers, for instance,

“Art-based methods can draw students into the learning process, making it personal and memorable, it
can also transform their learning experience” (PA Teacher 14).

“When trying to use art-based methods in the classroom, it can become an invitation to students to
contribute more, and to perhaps have a deeper understanding of world applications” (HU Teacher 5).

“Engagement through art-based methods allows students to the different wonders of education, and
transforming their imagination and discovery and begin to learn in multiple ways” (PA Teacher 18).

“When students begin to use art in the classroom, | feel students will want to engage because maybe
that will empower them to want to ask questions or discover new learning possibilities” (HU Teacher
19).

Engagement through art-based methods in the classroom is quite significant as it not only
enhances the learning experience but also encourages a more profound understanding of the subject
matter. Art has the unique ability to captivate students' attention, making lessons more enjoyable
and memorable. When students are actively involved in creating art, whether through drawing,

painting, drama, or other creative mediums, they are more likely to engage. Therefore, when
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integrating art into the classroom not only increases student engagement but also contributes to a

more comprehensive and enriching educational experience.

Improved Communication Skills

Art-based methods can improve students' communication skills. Teachers find that this
enhances students' ability to explain their ideas effectively. Enhanced communication skills are
increasingly recognized as a critical competency in the modern world, extending far beyond the
confines of traditional educational theories. Effective communication is an important asset for
success in almost every aspect of life, from personal relationships to professional endeavors.
Consequently, the Hungarian and Palestinian teachers have indicated that improved

communication skills can be enhanced when integrating art-based methods into the classroom.

“Art-based methods provide a unique platform for students to improve their communication skills.
It's not just about creating art; it's about expressing their thoughts and ideas and conveying their
opinions effectively” (HU Teacher 5).

Comparably, two PA Teachers stated,

“Art-based methods are a medium for self-expression and communication. It can empower the
students to articulate their thoughts” (PA Teacher 16).

“Art is not just about creating or an extra-curricular activity, it allows students to be able to express
themselves through different methods like through drawing pictures, or telling stories. It allows
students to be unique” (PA Teacher 23).

All the teachers feature the significance of art-based methods as a unique platform for enhancing
students’ communication skills. They emphasize the importance of expressing thoughts and

opinions effectively. HU Teacher 12 expressed that,

“Using art in the classroom enables students to communicate through their emotions and ideas
without their words through diverse art-based methods. Through art, students can receive and offer
a fresh and creative when connecting with their classmates.”

Few Hungarian and Palestinian teachers have articulated that students can benefit from using art-

based methods in the classroom, for instance,
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“Art-based activities, such as visual arts, drama, or creative writing, encourage students to think
critically about how to communicate their concepts visually or through performance. This
challenges them to make deliberate choices about certain colors, symbols, and expressions” (HU
Teacher 8).

“Art also offers a safe and non-judgmental space for students to express their feelings and ideas”
(PA Teacher 15).

Furthermore, teachers professed that when students are doing art projects can promote

better communication skills, for instance,

“When students work together on projects, they are discussing with each other and this leads to
sharing their ideas. This teaches students how to listen, compromise, and give constructive feedback
to their group mates and this is an effective tool to improve communication skills” (PA Teacher
21).

In conclusion, implementing art-based methods develops students’ communication skills
by encouraging creativity, collaboration, and self-expression. Teachers are the first to witness the
positive impact these methods have on their student's ability to communicate effectively in various

contexts.

Critical Thinking and Problem Solving

Art-based methods often involve problem-solving, critical analysis, and attention to detail
which are essential in STEM fields. Teachers observe that students develop these skills when using
art in a science or math class. Integrating art-based methods into education has proven to be a
powerful method for cultivating critical thinking and problem-solving skills. When asking the
science teachers about implementing art-based methods and their usefulness they stated (HU

Teachers 1, 6,10, PA Teachers 12, 20, 23),

“Art-based methods can promote critical thinking and problem-solving. It can offer the students the
tools to analyze, question, and create solutions” (HU Teacher 1).

“Incorporating art into education is like planting the seeds of critical thinking and problem-solving.
It nurtures young minds to analyze, innovate, and adapt to the changing of knowledge” (HU Teacher
12).
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“When administering different art-based methods to students it can teach them to view the world
through a critical lens, to interpret, and to create innovative solutions, which is a powerful approach”
(PA Teacher 20).

Another angle a few teachers have concluded about critical thinking skills when using art-based

methods is the idea of independence.

“Different types of art can create meaningful connections, and interpretations, and develop their
ability to find solutions on their own” (HU Teacher 9).

“Students can try to solve problems independently in a critical thinking manner. They become
encouraged to try to analyze and question different and new concepts from their lessons” (PA
Teacher 18).

Another idea was passed around about how the students can become deep thinkers when using

critical thinking skills. As quoted from HU Teacher 11,

“Incorporating art into education isn’t only meant to ensure creativity, but also for critical thinking
and problem-solving skills and allowing the students to become deep thinkers who can assess and
address real-world issues.”

“Using art in the classroom can begin the process that empowers students to think deeply by asking
questions and by exploring new concepts and ideas” (PA Teacher 13).

Lastly, teachers found students being challenged when using new methods in the classroom which

stems from critical thinking,

“Students can begin to start challenging different ideas and science concepts when using different
tools and methods, like art” (PA Teacher 15).

“Art education can encourage students to approach challenges with an open mind, and have an
inventive mindset” (HU Teacher 7).

Concluding this theme, art often involves problem-solving, as students face challenges in their
learning and must find innovative solutions. This process of experimentation and adaptation
enhances their ability to analyze and assess. Art-based methods also promote open-ended
questioning and discussion which aid students to explore different perspectives and interpretations.
When discussing their work with others, they commence to develop their capacity to think critically

about the meaning and context.
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Collaboration

Collaboration is a pedagogical approach that is gaining recognition and prominence in
modern research. In STEM, where technical knowledge often dominates, collaboration with art can
help break down these traditional methods by promoting creativity and innovative thinking. Many
of the teachers suggested how collaboration is an important tool for using art-based methods in

lessons (HU Teachers 2,4,7, PA Teachers 13,16,17).

“Collaboration is one main factor that can come from using art-based methods in a subject or during

the lesson. It can allow students to work together, maybe share their ideas together” (HU Teacher
4).

“Teaching the students with some sort of art method can teach them the value of teamwork” (PA
Teacher 16).

Hungarian teacher 7 also added that when,

“Using art in the classroom can promote a collaborative journey with the students, and it can equip
the students with the skills to create and come together and communicate freely among each other.”

Another idea that came from the theme of collaboration was the idea of shared learning. A few

teachers have mentioned this thought, firstly,

“I mean from the obvious point of view when using art it shows individual creativity, but it can also
show a shared learning experience among the students” (HU Teacher 8).

Similarly, “In the world of art, collaboration is essential. Students learn together and can share a
similar learning experience in the classroom” (PA Teacher 15).

“Collaboration can inspire students to want to work together, to want to have a similar learning
experience, and problem solve together in their group” (HU Teacher 10).

Additionally, “When students start collaborating with one another, I feel they get excited to learn
and want to be part of the learning experience. Students might feel they have a chance to express
themselves among each other and feel like they create something powerful when working in a
group. They are collecting ideas together and creating something unique among each other in their
group” (PA Teacher 21).

Some teachers expressed how collaboration is linked to diverse perspectives and opinions

regarding a certain topic in the classroom (HU Teachers 10,11, PA Teachers 14,15).
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“During an art activity, it can be collaborative experience because when students begin engaging
with one another they start sharing their perspectives and ideas. It shows how each student’s ideas
are different and they can relate it to each other” (HU Teacher 10).

“Students begin to express themselves to their teammates, and begin to take on different ideas from
each other” (PA Teacher 14).

Comparably,

“Students begin to appreciate their teammate's opinion regarding the topic, diverse ideas begin
floating around in their groups and listening to each other is a vital aspect during the collaboration
process” (HU Teacher 11).

Lastly,

“Collaboration is a celebration of diverse perspectives from the students. Students will have the
urgency to want to share their opinion and listen to their classmates” (PA Teacher 15).

Therefore, collaboration is an essential component of the effectiveness of art-based methods in
STEM education. It promotes creativity, improves communication skills, and raises diversity in

students’ opinions regarding a certain concept.

Hands-on Learning

Many art-based methods involve hands-on, experiential learning. Teachers appreciate that
this type of learning can make their students attain certain concepts in a more accessible and
memorable way. Hands-on learning when integrated with art-based methods has gained an
effective tool when trying to engage students in the lesson. Throughout the interviews, many

teachers have shown interest in this concept and how it goes hand in hand with art-based methods.

“Hands-on learning through art-based methods is a way for students to feel or touch or experience
knowledge in a more impactful way” (HU Teacher 2).

Likewise, Palestinian teacher 19 stated,

“Learning through the arts can enable students to dive into the creative process, experiment, and
discover the benefit of learning through a more hands-on approach”

“Through art-based methods, students can start maybe to feel curious and could start questioning
things and this would make them want to have more of a want to learn and perhaps experience new
things. This can transform their way of learning when it becomes active and they have a direct link
to learning” (HU Principal 1).
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One common theme that teachers discussed about hands-on learning was that it allows students to

have a personal connection to knowledge and learning.

“I believe it’s about forming a personal connection to their learning experience where students are
actively involved in the classroom” (PA Teacher 18).

The idea expressed by PA Teacher 18 about hands-on learning encouraging a personal connection
to knowledge supports the principles of constructivist learning theory. Constructivism emphasizes
that learners actively build their understanding of the world through personal experiences,
interactions, and reflections. Therefore during hands-on learning experience, students engage
directly with materials and activities by creating a bridge between theoretical concepts and tangible
experiences. This further connects with the constructivist notion that knowledge is not passive, or
active because individuals will interact with their environment. Both hands-on learning and the
constructivism learning theory highlight the importance of active engagement and personal

involvement in the learning process.

“When students are having a hands-on learning experience, it allows them to have a deeper and
richer understanding because it becomes personal to them and more meaningful” (HU Teacher 11).

“T think students can begin to explore new concepts when using art, so when they start exploring
and becoming active in a project or the lesson, they begin to have a more in-depth or like a hands-
on experience where they are challenged by the topic and can interact with different concept of the
lesson” (PA Teacher 17).

Furthermore, exposure to STEAM familiarizes students by cultivating their interest and aspiration

toward STEAM fields.

“I think students can sometimes feel overwhelmed when a lot of information is being pushed in
them, so by giving them an activity maybe dealing a little bit with art can help them feel a more
closer connection to the material, they can slowly ease into the subject and maybe begin to feel
creative and want to experiment with new ideas. This approach is yes- a more hands-on approach,
that I have come to see can work on students, especially in a science lab class” (HU Teacher 3).

In summary, hands-on learning can enhance a student’s engagement, deepen understanding,
and promote critical thinking. Active learning has become a popular learning method because it

can equip students with new skills, a meaningful learning experience, and a personal connection to
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the material. In conclusion, a hands-on learning experience provides opportunities for perceptible

exploration and many possibilities within STEAM fields.

Long-term Retention

Teachers find that students are more likely to remember certain concepts when integrating
art in the classroom. This could aid with long-term retention and understanding of complex
subjects. Long-term retention is a crucial aspect of effective education because the role of art-based
methods enhances this dimension of learning for the students. Many teachers have expressed how

long-term retention comes from using art-based methods in the lesson. For instance,

“Having art-based methods in a lesson can improve students’ long-term retention of the topic.
Students can have a deeper understanding to the subject that will last for a long time” (HU Teacher
11).

Art-based learning engages numerous cognitive competencies, including memory and attention,
contributing to a more universal understanding of complex subjects. In terms of memory
development, when creating art it involves both the encoding and retrieval of information. When
students visually represent concepts through art they are actively encoding the information in many
ways, which can enhance memory merging. The hands-on nature of art creation also involves
kinesthetic learning, reinforcing memory through physical engagement. Additionally, attention is
crucial in the artistic process because when students use art they can focus on details, techniques,
and the overall composition. Then they can transfer to other learning tasks that can improve
concentration and cognitive focus. Ultimately, art-based learning is multi-sensory and
experimental which encourages critical thinking, problem-solving, and the exploration of
alternative perspectives.

Likewise,

“Artis a powerful tool to use in the classroom, because students will engage more and can remember
the information learned in the classroom for a longer period of time” (PA Teacher 22).
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Another teacher expressed that,

“Art-based methods can sustain long-term retention by engaging students’ multiple senses, so in a
way, it is not just about learning; it is about them experiencing something new and become creative”
(HU Teacher 6).

“From long-term retention of knowledge students are able to touch, see, and feel regarding certain
topics in the science class and this lasts long in their memory for many years” (PA Teacher 18).

A few teachers have also voiced that using arts in the classroom can lead to long-term retention
which leads to students having a personal experience in the learning process (HU Teachers 4,5, PA

Teachers 16,20).

“By engaging students in their learning process, it allows them to use this knowledge and mixed it
into their personal experiences which allows students to remember things better for future
references” (HU Teacher 4).

“It allows students to create memorable learning experiences when using art, which makes it more
personal because they are adding their own touch to their learning experience” (PA Teacher 16).

“I mean in my opinion when I incorporate some sort of art method in my class, | feel students have
a memorable experience and will remember the information they learned better, which leads them
to have a personal experience in the class, which again will be with them for a long time” (PA
Teacher 20).

The last sub-theme teachers stated from attaining long-term retention using arts was the life-long

learning process (HU Teachers 7,9, PA Teachers 22, 23).

“Art-based methods empower students to not just learn, but to experience and create, making
knowledge a valued and special part of their lifelong learning journey” (HU Teacher 7).

“When I did a science experiment that implemented a some sort of art I felt students engaged more
and were more creative, the information didn’t just enter one ear and leave, I felt it imprinted in
their memory and | think if using more art in their learning it can become a life long process for
them to keep learning” (PA Teacher 22).

“Students will begin to have a noteworthy learning experiences when students begin utilizing
visualizations and this creates a lifelong lesson to remembrance” (HU Teacher 9).

In conclusion, long-term retention could come from using art-based methods in the
classroom. The teachers have suggested that using different forms of art allows creativity,
remembrance of specific information, a personal connection to their learning experience, and life-

long learning.
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Fostering a Growth Mindset

Teachers seemed to appreciate when adding arts into their lesson how it fosters a growth
mindset which encourages their students to embrace challenges and view mistakes as opportunities
for learning. Therefore, the integration of art-based methods in education can effectively nurture
and grow a student’s mindset. Many teachers during the interviews have presented the theme of

fostering a student’s growth mindset (HU Teachers 2,4,7, PA Teachers 18,19,21).

“I fully believe that the arts can nurture and grow a student’s mindset. It empowers the students to
embrace challenges and their failures, and this can lead to their potential for growth” (HU Teacher
7).

“When teachers try to incorporate art into education it can teach students that their effort and
practice in the classroom can lead to their improvement, which yes leads to development in their
mindset” (HU Teacher 2).

Similarly, PA Teachers 18 and 19 stated,

“Art goes beyond just students’ creativity; it improves and grows the students’ mindset. Students
can learn that their skills can progress to something better, but better yet challenge them to expand
their learning abilities.”

“Art instills students to believe that they can develop and put more effort into their learning
experience. It can develop their talents.”

Furthermore, HU Teacher 4 suggested that

“Art is proof to the power of a growth mindset. Again, as | mentioned art encourages students to
see challenges as opportunities so they can learn and approach different concepts in determination.”

Lastly,

“Art leads the students to improvement and seeing the challenges as a way to learn from, even if
they make a mistake, they are able to find ways to learn from and this leads to continuous growth”
(PA Teacher 21).

To sum up, when implementing art-based methods in the classroom students can develop
and grow their mindset from learning through different methods. It allows students to feel

challenged in the classroom and leads them to improvement in their learning experiences.

Real-world Applications
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Integrating art into education can help students see the real-world applications of their
learning. Teachers can use art to demonstrate how it is used in fields like architecture, design, or
medical imaging. The incorporation of art-based methods in education holds substantial
importance, particularly in the context of real-world applications. Many teachers have
demonstrated through the interviews when using art in the class it can relate to their real-life

experiences (HU Principal and Teacher 1,8, PA Principal and Teacher 12,15.

“Students begin to see the practical relevance of what they're learning in the classroom from using
art, making their education more meaningful” (HU Principal 1).

“When you begin incorporating real-world applications into art-based methods it opens a whole
new set of skills that deal with practical and every scenarios allowing their learning experience to
be purposeful” (PA Principal 12).

“When you use art in the classroom students will apply their creativity and problem-solving skills
to something more tangible and relevant” (HU Teacher 8).

Similarly,
“When it comes to real-life instances students will rely on it more than just textbooks because
students can start using what they learned in an actual setting in their daily life” (PA Teacher 15).

STEAM educators emphasize the significance of real-world connections in facilitating student
engagement with instruction. Two more participants stressed the importance of STEAM

integration in forming tangible links to real-world situations.

“Real-world applications in art-based methods stir students' curiosity. It does provide a bridge
between theory and practice where students can apply their creative abilities to solving actual and
real-life problems, making their learning authentic” (HU Teacher 9).

“When applying real-life instances in students’ learning, it can prepare them for the different
challenges that they can face and it can equip them with the proper tools for their future endeavours”
(PA Teacher 20).

In summary, teachers view STEAM education as a valuable way to make subjects more
engaging, accessible, authentic, and relevant. When teachers insert instruction within realistic

settings STEAM helps students develop a wide range of skills, from creativity, communication,
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collaboration, critical thinking, and problem-solving, growing their mindset, and applying real-life

occurrences which ultimately prepares them for success in STEM fields and beyond.

Research Question 2: Initial integration of STEAM activities in education.

Each participant recounted their personal insight into how STEAM can be initially
integrated into education. This refers to the constructivist learning theory (Vygotsky, 1978), on
how individuals construct knowledge based on their experiences. The findings demonstrate the
teacher's insights on how STEAM can be integrated into education. The table shows a summary of

the recurring themes mentioned by the teachers.

Theme 1 Guest Artist/Art Teacher Lectures
Theme 2 Art-Filled Science Labs

Theme 3 Avrtistic Data Visualization
Theme 4 Science Fairs/Exhibitions

Theme 5 Group/Project-Based Learning

Table 12: Themes from RQ2

Guest Artist Workshops

Commencing with the first theme, teachers were inquired about how to implement STEAM
integration, by highlighting the implementation of guest artist workshops. These workshops are an
innovative approach that has gained recognition for its potential to enrich the learners’ learning
experience. During the interviews, teachers discussed this form of approach on how it promotes
creativity, collaboration, and a deeper understanding of STEM concepts to students. Guest artist
workshops involve inviting professional artists to collaborate with students by artistically providing
fresh perspectives and expertise. Many teachers have insisted on this approach because they feel

they do not have the proper knowledge or information regarding art (TH#2,9,10, TP#14,17,21).

“I am no expert when it comes to art, so | guess | would say bringing in an artist or art teacher to
give a workshop or as a guest lecture. They probably have more experience and methods to use art

133



in a classroom, so | would say this can bring students to enjoy their learning and feel creative” (HU
Teacher 2).

“I mean as a Math teacher, I don’t think I ever used art so I will definitely not know how to use it,
so like bringing an art teacher or a guest that knows how to use art in Math, | think would be useful
because students can actually learn something from a professional in way I can’t. I also think it
would promote their engagement in the classroom and start being creative and innovative” (PA
Teacher 17).

Similarly,

Lastly,

“T am a math teacher, so sometimes it is hard to come up with ways to use art and math together,
but maybe inviting a fellow art teacher or guest can try to bridge the gap between these two subjects,
they may have more experience and knows different techniques to implement in the classroom.
They can share with the students real life issues and allow them to connect with their inner artistry
and try to incorporate it in the math class” (PA Teacher 14).

“I would say inviting someone to the classroom who has a wider range of knowledge to show how
art can be used in the classroom, they can offer the students a chance to learn through art that I may
not be able to” (HU Teacher 9).

“If a guest artist came it could give the students the opportunity to gain knowledge and information
from them on how to use art and how it can benefit their learning experience” (HU Teacher 10).

PA Teacher 21 also expressed a similar perception of a guest artist or art teacher,

“I may have some ideas you know you can find online on how to use art, but maybe once in a while
to invite someone who studied the subject can have a greater impact on the students and can teach
them to connect art in their lesson, start feeling creative, and maybe inspire students to think
differently.”

Guest artist lectures can play a crucial role in enhancing STEM subjects by offering unique

perspectives and insights that complement the traditional academic curriculum. These lectures can

provide students with the opportunity to bridge the gap between science, technology, engineering,

and mathematics with the arts and humanities. Guest artists bring their creative and innovative

thinking into the STEM classroom which can inspire students to think outside the box or problem-

solve creatively. Additionally, allowing these guest artists or art teachers can create for them

exposure and encourage diversity in STEM by showcasing successful professionals from diverse

backgrounds, promotes inclusivity. To sum up, guest artist lectures can enrich the learning

experience, promote creativity, and develop a deeper understanding of STEM subjects.
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Art-filled Science Labs

Anrt-filled science labs in STEM education offer a dynamic and innovative approach that is
influential in enriching the learning experience for students. These labs create a creative
environment that surpasses the traditional ideas of science and art. Integrating art into the scientific
setting encourages students to approach problems with a fresh perspective, explore their
imagination, and find solutions to scientific challenges. A few science teachers expressed their

interest in an art-filled science lab (HU Teachers 5,8, PA Teachers 15,22),

“Art-filled science labs are like having a breath of fresh air for science education. I can see that it
allows students to feel inspired creatively and have different perspectives presented to them” (HU
Teacher 5).

“It can allow students to use their artistic talents to visualize and understand scientific experiences,
turning these abstract ideas into memorable experiences” (PA Teacher 15).

“I think students begin to apply their creative skills into learning different science ideologies so that
it becomes practical for them and for excited to learn about the subject” (HU Teacher 8).

“Using art in a science lab can really bring out the students’ inspiration to learn and be creative. It
can be informative, yet enjoyable for them” (PA Teacher 22).

Moreover, art-filled science labs can make the learning process more engaging and
enjoyable. The use of color, design, and visual elements a the lab setting can attract students'
attention and enhance their interest in the lesson. This can be especially beneficial for students who
view science daunting or boring, but when art is incorporated it can bring them excitement and fun
to their educational journey. In a STEAM-oriented setting, the emphasis on gaining experiential
knowledge and fostering creativity through play finds a parallel in the educational benefits derived
from drama. Both approaches recognize that hands-on and immersive experiences contribute
drastically to the learning process. In drama, students actively engage with scenarios and role-
playing raising a deeper understanding of complex subjects. Correspondingly, in art-filled science
labs, incorporating color, design, and visual elements not only captures students’ attention but can
change the learning environment into an engaging space where experimentation becomes a form
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of creative expression. The convergence of these principles underlines the combination between

STEAM education and drama.

“Not all students are interested in science and some may find it boring, but when you add something
fun to it like art, the students can become more interested in the subject and actually enjoy the lesson
and begin to engage in the material” (PA Teacher 23).

“Science is already a visual subject, so when actually integrating art into students can learn better,
especially in a lab students prefer to learn through doing things than just listening. | see students
become more engaged in the lesson when they see something visually that can aid in their
understanding of the topic” (HU Teacher 3).

In conclusion, art-filled science labs enhance creativity, engagement, and interest preparing
students for challenges and opportunities. These teacher opinions emphasize the profound
importance of having art-filled science labs because as mentioned it can empower students to
combine their artistic skills with scientific exploration to gain a deeper understanding and

appreciation for learning.

Artistic Data Visualization

Artistic data visualization can connect science and art enhancing the learning process in
several key ways. Firstly, it tackles complex scientific data to become more accessible and
engaging for the students. These types of data visualization can include colorful charts,
infographics, PowerPoints, or posters. Most of the science teachers during the interviews have

portrayed how they often try to incorporate artistic data visualization in their classrooms.

“When we want to do a science project, students have the chance to create a poster or PowerPoint
to present their topic, this can promote creativity and allow them to feel more engaged in the lesson”
(HU Teacher 3).

“T usually like to do some science project or experiment where students need to create something
artsy, | find that students can express themselves more, feel creative, and use different tools to make
their project visually better” (PA Teacher 22).

“I like when students kind of have the freedom to create what they want when it comes to a science
project, they can create a poster or an infographic that show their creativity and imagination.
Students will spend yes a bit more time on it, but I think it engages them in the topic more” (HU
Teacher 11).
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Furthermore, artistic data visualization encourages critical thinking, presenting information
effectively, and communication skills. For example, scientists who can present their research in a

visually appealing and relatable manner are more likely to inspire and connect with people.

“When students finish their projects, usually a presentation follows, so this helps with their public
speaking and are able to explain their thoughts in an effective way” (HU Teacher 5).

“With student projects, lots of student of course get as creative as they can be, but then when they
present their project this can develop their speaking and communication skills in front of the class.
They also learn how to present to their peers which can benefit them for their future” (PA Teacher
14).

In conclusion, artistic data visualization is a valuable component of STEM education and
these quotes and opinions from the teachers emphasize the importance of implementing such art-
based methods in education. As mentioned, it empowers students to convert data into visually
appealing representations, delving into a deeper understanding of complex information, promoting

creativity, public speaking and communicating skills, and how to present material effectively.
Science Fair/Exhibitions

Science fairs hold surprising significance for art education by encouraging creativity and
interdisciplinary thinking. Students participating in science fairs often need to create visually
appealing and informative displays to effectively communicate their scientific experiments and
findings. Most of the science teachers have provided the importance of having a science fair where
art is implemented (HU Teachers 3,6,8, PA Teachers 13,18,23). Starting with HU Teacher 3 which

implies how science fairs can benefit the students and the usage of art,

“Science fairs can connect science and art because students begin to construct their poster about a
science topic through an artistic approach to compel people to approach them.”

“We have done science fairs in the school and I think it helped the students to be creative and let
out their inner artistry. Students feel more motivated and engaged to learn the topic when they know
they need to present or if there is a reward for having the best project in the science fair, so yes |
would say art is very much involved in these science fairs” (PA Teacher 13).
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As mentioned before, students begin to develop their communication and presentation skills when

they are presenting their projects.

“Students will build their presentation skills and be able to communicate to people when they are
discussing their project to people” (HU Teacher 6).

Similarly,

“I can see shy students coming out of their shell in science fairs because they feel motivated to
present what they worked hard on, especially if there is a reward involved {laughs}” (PA Teacher
18).

“Science fairs are when students can go all out with their artistic abilities, the more visually
appealing it looks like the better their project becomes, we love seeing color, different visuals, and
creativity in these fairs” (HU Teacher 8).

Lastly, PA Teacher 23, also conveyed how science fairs depict students’ creativity,

“Science fairs are a great way for students to be creative and delve into the art realm, the bigger and
bolder the better their projects will be. | try to tell them to make it as visually artistic and neat as
they can because that is how they attract people to listen to their project and make them interested.”

Overall, science fairs play a vital role in art education by promoting creativity and
developing presentation and communication skills. They create an environment where art becomes
a powerful tool for scientific communication and exploration. Therefore, these are a few quotes
and opinions from teachers emphasizing the significance of implementing art in science fairs.
Students become motivated to create innovative projects and ideas promoting a fun and informative

learning experience.

Group/Project-Based Learning

Educators perceive STEAM integration as incorporating project-based learning. Group
projects offer numerous benefits for students, such as promoting collaboration and teamwork where
students work together on projects that involve artistic elements, students learn to connect their
strengths with their classmates and then can share their ideas, and communicate effectively. Five

participants articulated how STEAM integration involves opportunities for project-based learning.
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“When students begin to work in a project together it allows them to learn how to work with one
another and share their ideas with one another” (HU Teacher 2).

“Students will learn the impact teamwork has which can help them in their future education and
careers” (PA Teacher 18).

Similarly, these three teachers mentioned the impact of teamwork,

“I believe the power of teamwork because it is very beneficial to learn how to work with other
people and be a team player, it will aid them in their future and most importantly in their career”
(HU Teacher #5)

“Each students has their strengths and weaknesses so by have group projects they are able to put
their strength of they know to help their teammates and also to learn from them” (PA Teacher 17).

Likewise, “Students who know things more than the other can teach them that specific thing and
vice versa” (HU Teacher 11).

Some teachers and principals have mentioned when doing group projects students with artistic

talents can help their classmates which promotes creativity and innovation.

“Students with certain artistic capabilities can help other students who might not have much interest
or know how to use art in a certain project. This can show how each student is different and try to
be creative” (HU Teacher 10).

“After seeing some group projects from different grades, you cannot deny the importance of
teamwork presented, but also using different art methods into their project to make it appealing to
their classmates and how unique and different their project is compared to other teams” (HU
Principal 1).

“I can highly vouch for group projects because it is a great way to involve students in the learning
process, allows them to learn the idea of working and coming together, and lastly allows creativity
to flow among each other. Students can express themselves through art and use it in their project”
(PA Principal 13).

Two teachers have expressed that projects can aid students in learning how to work together and

can benefit them in their future careers.

“Weak students work with the strong students and vice versa promotes collaboration and learning
among each other, which is very beneficial for the students especially in a project-based learning
activity” (HU Teacher 9).

“They can be more confident in the future, they practice their speaking skills in the future. It
promotes students to present in front of the class even if they are shy. It will help them a lot and the
best part of projects is that each student gets to be creative and they merge their ideas together” (PA
Teacher 22).
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Some teachers think that PBL is an innovative teaching method that needs to be implemented in

classrooms, especially in today’s generation. HU Teacher 4 explains,

“PBL is an innovative and new form of teaching. I think it is important to integrate new teaching
methods throughout the classrooms, so that students don’t get bored and PBL is one of them.”

Correspondingly to PA Teacher 20,

“In today’s technology era, innovative tools is important to use in the classrooms and teachers need
to be updated with these new tools, and using projects in the class promotes innovativeness and
promotes different materials to use in the class.”

In summary, all the teachers portrayed how PBL can be beneficial and important in the
students’ learning experience. All teachers agreed that the main advantages of project-based
learning was collaboration and creativity. These two factors can aid students in all aspects of their
academic and later career life. Hungarian and Palestinian teachers also expressed that developing
self-confidence from presenting projects in class is beneficial. Most Hungarian teachers articulated
that PBL is an innovative teaching method and how important it is to present new methods and
techniques when it comes to teaching to enhance the student’s learning experience, while the
Palestinian teachers did not reflect that PBL is an innovative teaching method. The Palestinian
teachers were not too keen on PBL as an innovative teaching method. The last advantage that most
teachers brushed upon was in-depth learning, half of the Hungarian and Palestinian teachers did
not discuss it as an advantage, while the others stated that PBL allows students to be more involved
with a topic by experiencing it with a hands-on activity such as projects. To sum up, all teachers
have displayed their perspectives on the advantages of implementing and applying a project-based

learning approach in their classrooms.
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Research Question 3: Educators reveal common challenges in the implementation of STEAM
education.

Hammond and Jackson (2015) depict the importance of culturally applicable pedagogy in
shifting the paradigm from a traditional teaching model to one that focuses on students’ strengths.
Therefore, the shift to implement STEAM education presents a few challenges and during the
interviews, teachers have expressed the difficulties they potentially face. These challenges include
knowledge and practice for implementing STEAM, the allocation of time, limited access to
resources, lack of professional development, and others. The table below demonstrates the themes
that emerged from the teachers’ views regarding obstacles teachers face when trying to implement

STEAM education.

Theme 1 Time Management

Theme 2 Students’ Abilities

Theme 3 Curriculum Integration

Theme 4 Limited Resources

Theme 5 Preparation of Lessons and Materials
Theme 6 Assessments

Theme 7 Limited Training/Knowledge

Table 13: Themes from RQ3

Time Management

Teachers often recognize the value of using art-based methods in their lessons, but with any
positive aspects, there could be challenges when trying to implement art methods in the class.
Starting with time management, most of the teachers have implied the restricted time constraint
they face in the classroom when teaching a subject, they have a specific time limit to complete a
lesson and have mentioned how that itself is not always enough, so when adding an extra task or
involving a new method can take more time from the lesson goals. Therefore, when adding a new
tool or method in the classroom it requires careful planning and allocation of class time. Art projects
often demand more time than traditional lessons, and this can pose a challenge for teachers who

need to cover a broad range of subjects within a limited time frame.
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“T usually have 50 minutes to teach a class, so yes I do find that I am restricted when it comes to
time, sometimes when | am giving a lesson | can’t even go through all of it because time isn’t
enough, so I can’t imagine adding an art project or activity in the class everyday or every other day
because it does take time” (HU Teacher 3).

“I can barely juggle finishing a full 45 minute lesson, let alone adding art activities in the class, so
that’s why if I decide to do a project it would be once every two weeks or something like that,
because really it takes a lot of time and effort to add it to the lesson” (PA Teacher 15).

“T applaud teachers who are able to complete their lesson plans in the time they are given, but for
me | tend to find it difficult to complete a full lesson because there is too much to discuss and | do
not have enough time to go over everything, | wish | had a longer class so | can implement different
methods and activities in the class, but unfortunately it is hard and I can’t always do it” (HU Teacher
9).

“I need to make every minute count in the class, so sometimes adding an activity or even a group
activity takes time, until I put the students in a group they move, | need to explain the activity, that
itself takes 20 minutes or so and already almost half my time is gone, so trying to balance the
constraints of a packed curriculum with the idea to incorporate art into it presents me with a bit of
a challenge” (PA Teacher 17).

Moreover, teachers have expressed how challenging it could be to integrate art into the classroom

due to time constraints especially when they are trying to keep up with the lessons in the

curriculum. Another challenge with limitation in time for art activities is that it often poses open-

ended questions and ideas which allows students to explore and create at their own pace. This

approach is important and can aid in their creativity, but is a time-consuming process. Therefore,

teachers must try to create a balance between giving students the freedom to express themselves

and ensuring that the learning objectives are met within the available class time.

“Art activities can be very time consuming especially when students are being creative and
innovative, so it takes more time than just listening to a lesson and answering questions” (PA
Teacher 22).

“The challenge of time management for us teachers when doing an art activity is trying to find the
right balance between encouraging creativity and covering core academic content” (HU Teacher 7).

Additionally, gathering and organizing art supplies, setting up workstations, and providing

guidance and feedback to each student throughout the creative process can be time-consuming.

“I feel that when I make group activities it takes time to put students into the groups, taking the time
to explain the activity and taking time to go through each group and give feedback” (PA Teacher
19).
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“I constantly feel pressured in finishing the lesson so whenever I try to do something fun or different
it takes more time and effort and | can barely finish any of my lesson objectives, | would have no
problem to do more activities if | have more class time than 50 minutes” (HU Teacher 10).

Ultimately, time management in art education is a skill that teachers must continually improve to
ensure that creativity thrives in the classroom without compromising the scope of the \curriculum.
Teachers in the end do find the lesson time to be restricted and do not have time to add an art

activity in the lesson.

Students’ Abilities

One challenge teachers can face in the classroom when trying to implement art is the
contrasting skill levels and comfort zones among the students. Not all students feel confident or
comfortable in their artistic abilities, which can lead to self-doubt and a lack of enthusiasm to

participate in art-related activities.

“As a teacher, sometimes | feel unmotivated to incorporate art activities because | feel that some
students may find it boring or they’re not interested in participating in the activity” (HU Teacher
10).

Similarly, “While I have students in the classroom who enjoy drawing and partaking in these
activities, there are always a few who do not enjoy it and don’t seem to put effort into trying to
delve into the activity, that makes it frustrating to me as a teacher and makes me not want to do
another activity like this” (PA Teacher 23).

“Sometimes I also find it difficult to try and see what each students enjoys when it comes to art,
also it hard to make them artistic and see their abilities in it. | know art has its benefits as | mentioned
before, but finding their abilities through it is challenging and time consuming” (PA Teacher 22).

Teachers should try addressing this challenge because art activities can establish a supportive and
inclusive learning environment. Teachers must acknowledge and respect the diverse skill levels of
their students, guaranteeing that no one feels judged or discouraged. Therefore, teachers should
encourage their students and create a safe environment for them to feel they are accepted no matter

their abilities.
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“I mean yes as a teacher is my I mean our job to enhance and develop students’ abilities in the
classroom, I should provide specific tools for specific students who need help in certain areas” (HU
Teacher 6).

“It is important to cater students’ abilities in the classroom. Yes, of course it is challenging when
you have like 26 students in the classroom and only me or 1 teacher, so maybe by doing an art
activity it can give me the chance to see their abilities and see what students are good at or need
help in” (PA Teacher 17).

“Of course there’s a challenge to try and accommodate the student’s learning abilities because one
I don’t have much time in the class, two I might not know how to help in a specific field, and three
I feel students don’t always put that much of an effort into an art activity. So yes, that is an obstacle
| face in my teaching” (HU Teacher 9).

Overall, while the challenge of having different students' abilities doing an art activity in
the classroom is real, it can be addressed through a nurturing and inclusive approach. With the right
support and encouragement, students can overcome their reservations and develop a deeper

appreciation for the creative process.

Curriculum Integration

Integrating art into the curriculum presents a notable challenge for teachers as they do not
have much input in developing the curriculum. Teachers must accomplish and finish the lessons
from the curriculum during the school year and that can leave teachers feeling pressured to cover
all the topics and details. Thus, adding a new method or tool to the curriculum can be challenging
and teachers might not have the authority to do so, so if they want to integrate art into the lesson
they do it on their merit. Many teachers have expressed how they don’t have much input when it

comes to curriculum development or changing topics in it.

“I can’t really add anything to the curriculum because the curriculum comes from the government,
so we teachers cannot really change anything, only if the government changed something in it, we
can only add like in our lessons, but not physically changing the curriculum” (HU Teacher 2).

“Yes, as a teacher I guess I can’t change anything about the curriculum because it is already set, |
am just supposed to follow it and try to finish it by the end of the school year” (PA Teacher 14).

“As a teacher, I feel too much pressure to be involved in the development of the curriculum because
I don’t have experience or that I am qualified to do that, so when I think about adding arts in the
curriculum, I just think adding it to the classroom is easier than trying to integrate in the curriculum”
(PA Teacher 17).
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“So I cannot really change anything the curriculum because the ministry or the government controls
that aspect, they just give it to the schools and we must follow it and try to complete the lesson in it
until the end of the year, but I mean yes we can add art into lessons in our lesson plans” (HU Teacher

).

To address this challenge, teachers should find ways to balance the inclusion of art with other
academic priorities. This can involve creative scheduling, interdisciplinary lesson planning, and
collaboration with other colleagues to integrate art seamlessly into the existing curriculum.
Teachers should come together to try and integrate the arts into the lessons and try to promote its

benefits for the students.

“I do agree that the arts can benefit students as I said before, and it should be integrated into the
curriculum, but it is hard when you don’t have the power to do so, but the least we can do as
teachers is trying to use different and new teaching methods into lessons and one of those is art-
based methods” (PA Teacher 19).

“I think its important to involve teachers when it comes to curriculum development, but
unfortunately we are not because the curriculum is already set for us, but I do highly recommend
adding the arts into the curriculum, not just us teachers adding to the classroom by ourselves, it
should be in curriculums so teachers and students get used to using arts in their daily lessons” (HU
Teacher 7).

Finally, curriculum development is difficult for teachers to do because it is out of their
hands, but see the benefits of implementing arts into their lessons. Recognizing these benefits of
art education nurtures well-rounded, innovative, and engaged students in their classrooms.
Teachers should find ways to overcome these obstacles and make space for art in the educational

realm.
Limited Resources

Teachers often face limitations in terms of funding, time, and access to art supplies or
specialized technology needed for STEAM activities. Limited resources are a significant challenge
when it comes to implementing art-based methods in education and is particularly prominent in
today's educational landscape. For instance, a study by the National Art Education Association

(NAEA, 2014) found that budget cuts and resource limitations are major hurdles for art education
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in K-12 schools in the United States. These constraints can affect the quality of education for
students and teachers begin to struggle to provide students with an innovative learning experience

(NAEA, 2014).

“As a teacher, yes I sometimes suffer from a lack of resources especially if I need new materials for
an art project, so then I cannot do the activity with them” (HU Teacher 6).

“Limited resources in art education presents a challenge for us teachers because if | want to do a
fun art activity with my students, my school doesn’t have enough resources for all of them, so
sometimes | need to ask the students to bring some supplies for the activity, and | need to let them
know in advance, so it can be a bit frustrating” (PA Teacher 23).

“I’d say yes sometimes I find I am limited in resources for an art activity because there are budgets
for the school so | want to do many activities but | am limited because I cannot use all the resources
in the school, some of it needs to be saved for other teachers” (HU Teacher 5).

Furthermore, another challenge presented mostly by the Palestinian schools that | saw as the main
difference is the use of digital tools. Both Hungarian schools have digital tools set in the
classrooms, they each have projectors and smart whiteboards. In the Palestinian schools, none of
those tools existed in the classrooms, some classes had projectors while others did not. If a class
did not have a projector they had to borrow one from another classroom, and there were no smart
whiteboards in any of the Palestinian schools, only in a lab class at one of the Palestinian schools.
This resource discrepancy can contribute to gaps in the quality of education and opportunities for

students to develop skills relevant to modern experiences, especially in the technology field.

“I wish the school had a bigger budget to even include technology tools in the classroom, but
unfortunately it doesn’t. I wish I can use different tools to enhance a student's learning
experience” (PA Teacher 14).

“I think with today’s modern advances it is important to include technology tools, but yes there isn’t
a budget to add these tools, and this school is very old so the building is old and sometimes adding
new wires or technology doesn’t always work, so yea I need to sometimes borrow a projector from
another classroom” (HU Teacher 10).

“I teach in the old building, so there aren’t any technology tools to use, but if you go to the new
elementary school building they would have projectors and smart boards, but here in the high school
it’s very rare to have, but it is a limitation because today is all about technology and there are so
many tools than can help the students and develop their learning experience in the classroom, and
using technology can be fun for them since they are always using it all the time now a days” (PA
Teacher 18).
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In conclusion, teachers face the difficulties of limited resources in the classroom to try and
implement art activities from supplies to technology tools. Addressing these confines is crucial to
ensure that all students have access to the benefits of art-filled learning to connect their learning

with creativity, critical and problem-solving skills, and innovativeness in STEM subjects.

Preparation of Lessons and Materials

Preparing lessons and materials that incorporate art into the curriculum or lesson can be a
challenging attempt for teachers. One major challenge is the need for creativity and resourcefulness
in designing lessons that engage students while meeting educational goals. Integrating art
effectively requires not only subject knowledge but also a deep understanding of how to use
different artistic components to enhance students’ learning. Therefore, this challenge can be
increased for a teacher who may not have formal art training or are less confident in their artistic

abilities.

“For me I’d agree that preparing lesson and materials is a real challenge when including art into
lessons because as a math teacher | do not have much experience in this area so it is hard to
incorporate into my lessons with little knowledge and maybe it won’t even benefit the students”
(PA Teacher 17).

“Yes, of course there so many challenges when trying to implement a new teaching method and that
includes art. It could be hard meshing art into lessons without the proper guidance and tools to do
s0” (HU Teacher 6).

“I think for me is finding the stability between a structured course and a bit more of freedom for the
students to learn, | do want students to feel like the art is just some way to pass the time away when
there are benefits to use art in the lessons, so finding this balance is a challenge” (PA Teacher 15).

“I already find being innovative and creative a challenge to teach in the class so adding art into my
lessons is even harder for me because then | would have to find better and more different teaching
methods to explore the student’s creativity” (HU Teacher 8).

All these teachers have expressed difficulty in adding art into lessons due to not obtaining much
information or tactics to use art in the classes. One main difference the research found between the

Hungarian and Palestinian teachers was finding the proper materials for art activity. Some materials
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can be difficult to come across in the Palestinian areas due to different circumstances while in

Budapest, teachers have more accessibility to certain tools and supplies for activities they need.

“I sometimes have a hard time even finding certain materials or supplies for a project | want to do
in the class, and if [ ask the students to bring something they also might not be able to find” (PA
Teacher 19).

“T guess it is easy to find any art supplies I need at like different school supply store, like Pirex or
Office Depot, so I feel I don’t have a problem finding different materials that I need when I want to
do an art activity, or if students need to get something they can find it in many different stores” (HU
Teacher 7).

“If I can’t find a certain art supply or if | ask students to get and can’t find, it’s not like we can order
online and be shipped to us because with the situation it is hard to do, so then | would have to change
the project in order to do with the materials already available at the stores” (PA Teacher 23).

Overcoming these challenges can take time, but for starters, teachers could get collaborate
with other teachers to share ideas and resources to develop their lessons. Adapting lessons over
time and learning from the successes and setbacks of previous experiences can help teachers refine
their approaches to integrating art into their curricula. By addressing these challenges, teachers can

provide students with an enriching learning experience.

Assessment and Evaluation

Assessing students’ learning through art-based methods can be more complicated than
traditional assessments. Teachers need to develop effective evaluation tools to measure the impact
of art-based methods in STEM subjects. This challenge to create assessments that adequately
evaluate students is tough and tricky because teachers will look at a student’s creativity. Therefore,
teachers should assess students in an all-inclusive and qualitative approach, such as portfolios,
presentations, or even self-assessments. These can align better with the nature of art-based learning

and provide a more comprehensive understanding of student achievement.

“From a teacher's viewpoint, assessing and evaluating students when art is integrated into lessons
is hard because there is not always a right or wrong answer when it comes to student’s creativity,
each student is different and there isn’t anything wrong with that, but finding assessments that cater
to this can be hard” (HU Teacher 9).
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“Giving tests or quizzes is like the easiest option to grade students, so when you need to grade an
art activity that is a true challenge, so as teachers we need to find the proper assessment tools to
grade students which is based on my things, starting off with participating or engagement in the
activity” (PA Teacher 22).

“I mean grading a science test is easy because there are one answer to questions so when trying to
grade a science project involving art is a bit tough, I need to find an assessment that best suits the
project, so | sometimes find a rubric where students need to follow and it acts like a guide, but in
the end is a better choice to assess students or not? | am not entirely sure, so I guess | focus more
on the standard way of grading” (HU Teacher 3).

These quotes reflect the challenges teachers face when assessing students in integrated art lessons.
Unlike subjects with clear right or wrong answers, creativity makes grading difficult. Teachers
must find the proper assessment tools that accommodate individual differences and the open-ended
nature of artistic expression. While traditional tests provide an easy grading method, they may not
effectively evaluate art activities. Some teachers use rubrics as guides, but determining the most
appropriate assessment method remains uncertain. Balancing standard grading practices with the

unique demands of art integration presents an ongoing challenge for educators.

“As a math teacher, having tests is the easiest and most straightforward way of grading student’s
understanding of the lesson. How would | know if they understood the lesson from a project or
activity if no grades isn’t involved, I don’t find it as a fair way to grade them” (PA Teacher 17).

“I mean as a teacher we should develop our skills and find new ways to evaluate students, but when
you have no prior knowledge to do it then it is hard to do it, but | would like to learn new ways to
assess students that might be better than the standardized test or quizzes” (HU Teacher 4).

In summary, teachers have found it difficult to find different and effective ways to assess
students from the standard method of tests or quizzes. Teachers need to learn new ways that could
help students who aren’t the best at taking tests so they have a better chance to show they
understand the subject. Therefore, to effectively measure student learning and the impact of art-
based activities, educators must learn to design assessment strategies that encompass both artistic
and STEM-related scopes, ensuring that the benefits of creative and interdisciplinary education are

sufficiently recognized.
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Teacher Training/Development

Educators typically self-select into professional development opportunities to enhance their
understanding of different teaching approaches. However, the lack of an organized platform to
disseminate information about these opportunities poses a challenge for educators seeking to
expand their knowledge in STEAM integration. Moreover, educators often bear the financial and
temporal costs associated with attending such professional development activities. Thus, teacher
training and development is a vital component for the successful implementation of art-based
methods in education. As mentioned previously, art-based methods offer a dynamic and creative
approach to teaching, but many teachers may lack the training and confidence to effectively
integrate art into their teaching practices. A study by the National Art Education Association
(NAEA) emphasizes the need for professional development to prepare educators with the skills
and knowledge necessary for using art-based methods. The research highlights that without proper
training, teachers may feel ill-prepared to engage students in art activities and effectively link them

with STEM subjects.

“Definitely there are challenges when implementing art into the classroom, so that’s why I
recommend teacher training or development workshops” (PA Teacher 21).

“Having trainings and development meetings is vital for us teachers because education is always
changing and evolving so our teaching methods need to develop, and one new method as you
mentioned is using art in the classroom, and for me who hasn’t many ideas on how to use it, these
trainings can be highly beneficial” (HU Teacher 4).

Similarly,

“Teachers need to develop with the new teaching culture, so having professional meetings and
trainings is important to help students and let them explore new things in their learning experience”
(PA Teacher 22).

“In my perspective, teacher training for art in lessons are a call to embrace the role of a mentor and
guide, and making our classroom an environment where creativity can be displayed from the
students” (HU Teacher 9).

A few teachers also mentioned the importance of teacher development workshops on how they

bridge the gap between traditional teaching and creative learning.
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“Teachers have a role in the classroom to develop student’s learning and if that means taking
training then that’s what we should do. Not all teachers have knowledge on how to use art so having
training can help us in that aspect and it will make us move away from the traditional ways of
teaching” (HU Teacher 6).

The principals have also expressed how they do trainings from time to time for teachers on
developing their teaching methods, it doesn’t include using art, but it allows teachers to come

together and learn from each other.

“We do teacher professional development meetings monthly for teachers to learn new ways of
teaching and for teachers to come together to learn from one another and get different ideas” (PA
Principal 13).

“We sometimes do some teacher training, but we can do more in order to implement art into the
classes, because maybe some teachers do not know how to use it, so having these trainings can
really aid the teachers and create a fun learning environment for their students” (HU Principal 1).

Lastly,

“I agree teacher trainings are necessary and important for teachers because you can never stop
learning and teachers need to keep up with modern teaching especially using technology, so if it
comes to art | know most teachers might not have experience in it so having these trainings can
introduce them to this new method and how to use it in the classroom” (PA Teacher 20).

Nevertheless, teacher training and development can connect traditional teaching to new and
innovative teaching methods. After the interviews, teachers have expressed the lack of knowledge
of integrating art into their lessons so attending and completing training in this regard can highly
benefit them and portray a new teaching method to their students to support their learning and

depict to them how developing their skills is important.

5.4.4 Student Interviews

In this section, we will delve into the primary themes and expose the discoveries that
emerged from the interview process and the subsequent analysis of the data from the student’s
perspectives regarding art-based methods in STEM education. To start, there is a table providing a
concise overview of each participant in Hungary and Palestine. There were a few themes that

surfaced after scrutinizing the data concerning the student’s opinions regarding art-based methods
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in STEM education, beginning with the positive learning impact of art-based methods, freedom of
expression, interest in the lesson, memory, and retention, and lastly art-based method challenges.
These themes are intricately linked, as the data analysis revealed the positive effects art-based
methods have in STEM education. The choice of high school students (9th-12th grade) as
participants in the research on STEAM education in Hungary and Palestine was influenced by
several concerns. Firstly, high school students are at a critical stage in their educational journey
where they are facing important decisions about their future academic and career paths.
Investigating the impact of art-based methods on STEM education at this stage allowed the
researcher to determine the effectiveness of such methods during this focal period of academic
development. Secondly, high school students typically experience a more advanced and specialized
curriculum, providing different perspectives on STEAM education. This age group is more likely
to have exposure to a diverse range of STEM subjects allowing the researcher to explore the
applicability of art-based methods across different scientific disciplines. Thirdly, STEAM
education is rarely integrated in high school classrooms, compared to elementary classrooms. The
decision to interview 13 Palestinian students and 10 Hungarian students was based on factors such
as practical constraints and the availability of participants, where more Palestinian students were
asked to be interviewed. All 23 interviews were voice recorded, and the audio file was erased after
transcription. Consequently, all these interviews were conducted anonymously. Subsequently, each
interview will be recognized by the countries HU- Hungary or PA- Palestine, the interviewee’s
position- Student; and the interviewee’s code number (e.g., HU Student 1, PA Student 1,... and so
forth). The interview durations varied, ranging from 20-30 minutes. The specific numbers may also
be associated with the principle of capacity in qualitative research, where data collection continues
until no new themes or insights emerge, ensuring a comprehensive understanding of the

participants’ perspectives in each context.
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5.4.5 Results

The results section captures the students’ perspectives on STEAM education from
interviews. Their perceptions, experiences, and attitudes are pertinent to the research inquiry and
demonstrate a nuance of insights from the Hungarian and Palestinian students essential to the
research. Through meticulous analysis, discernible patterns and insights emerge from the students’
narratives which provides a comprehensive understanding of their viewpoints. The table below
demonstrates the themes that emerged from the coding process regarding STEAM’s learning
outcomes and benefits for the students from research question 4. The researcher can compare and
contrast coded data across interviews, identify patterns, and draw conclusions regarding the

benefits of incorporating art in education from the student's viewpoint.

Theme 1 Engagement

Theme 2 Personal Expression

Theme 3 Critical Thinking

Theme 4 Collaboration and Communication Skills
Theme 5 Emotional Well-being

Theme 6 Interest and Enjoyment

Theme 7 Memory and Retention

Theme 8 Project-Based Learning

Table: Themes from the RQ4- Benefits of STEAM
Engagement

The significance of using art-based methods to enhance students' engagement cannot be
overstated. Art serves as a multifaceted tool that transcends traditional educational boundaries,
offering a unique path for students to express themselves and be creative. When students encounter
art they become active participants in their learning journey. This active involvement raises a deep
connection between the learner and the subject matter, making their learning experience more

riveting. Many of the students during the interviews have stated how more engaged they feel in the
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lesson if they are completing an activity using art-based methods (HU Students 5,6,7, PA Students

12,13,14).

“I feel more involved with the lesson if [ am a part of it so when I do an activity I feel like [ am
contributing to the lesson more” (HU Student 7).

Similarly,

“When [ am doing an activity in the class, I can automatically feel I am more involved in the lesson
and in my learning experience, I feel engaged and motivated to learn” (PA Student 14).

“Sometimes | get really bored in class just listening to the teacher teach, so when we finally can do
an activity, | feel excited and happy because I finally can engage in the subject and learn the subject,
so I am always hoping for activities in the class” (HU Student 6).

Also, “I really am a creative person so when any type of activity is being done in the class especially
with art | get really happy because | feel | can finally feel involved and | can engage in the lesson
and share my opinions and ideas with my classmates” (PA Student 13).

“When I don’t fully understand a topic, I don’t feel like I want to participate in the lesson, but when
we do an activity it gives me the confidence to learn and be involved more in the topic, | will want
to participate and learn from my teacher and maybe my classmates as well” (HU Student 5).

Lastly, PA Student 19 also expressed a similar perspective on how they want to participate in the

lesson when conducting an activity because it gives them the courage to speak their mind.

“When I am doing a fun activity with art I begin to feel calm because I can participate and share my
opinion in the class.”

Furthermore, when teachers use art-based methods in the lesson it can provide diverse learning
styles, acknowledging students different comprehension skills from visual tools, kinesthetic, and
auditory methods. These learning differences guarantee that no student is left behind and the

classroom becomes a safe space for students to learn and not be overlooked.

“I am definitely more of a visual learner, so when I see pictures about the certain topic I am learning
for example in my science class it makes me curious and want to learn more about it, | feel the
teacher engages me in the lesson when they use tools that help me learn” (HU Student 2).

“Through art, I've learned that there's more than one way to solve a problem, which makes me want
to learn and draws me into the subject” (PA Student 12).

“I can see from my classmates that we all learn differently, so for me I am a visual person so when
the teacher uses visuals to explain stuff | do become more engaged in the class and it develops my
learning” (PA Student 17).
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In conclusion, students want to engage in the classroom when they feel drawn to the subject. Art-
based activities can help encourage students to participate in the lesson and can accommodate
students’ learning capabilities. Teachers need to keep this in mind when teaching a lesson, using

new methods in the classroom promotes students’ engagement.

Personal Expression

Art serves as a powerful instrument for individuals to communicate their thoughts,
emotions, and unique perspectives that surpass traditional norms. When students are supported to
explore their creativity through artistic activities, they not only develop a deeper understanding of
themselves but also obtain a sense of ownership over their learning process. The feeling of self-
efficacy in learning involves a confident belief in one’s ability to master academic challenges and
achieve desired outcomes by having a sense of competence and control over the learning process.
Simultaneously, the concept of omnipotence in learning reflects an empowering perception that
learners possess the capability to direct and influence their educational experiences
comprehensively by emphasizing a proactive and assertive approach to acquiring knowledge and
skills. Art allows students to delve into their imagination enabling them to convey ideas that may
be challenging to communicate through normal circumstances. From the interviews, many students
have stated when applying art activities to the lesson they discovered their strengths and

preferences to their learning experience.

“Art is a safe space for me because it can express myself without any judgement because each one
us thinks and feel different so we can have the freedom to express ourselves” (PA Student 23).

“When [ am creating art or doing an art activity I feel I can easily express myself without anyone
judging me, I can be creative and not worry about being right or wrong” (HU Student 9).

Similarly,

“When I am creating something through art I can see the beauty of what I am creating and feel free
to create whatever | want and however | want. | have the freedom to fully express myself and put
my best efforts into the activity” (PA Student 18).
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Moreover, a few students voiced how art can bring students together and promote students to

express their individuality and celebrate their differences together.

“I mean each one of us thinks differently and it is okay of course so we shouldn’t feel ashamed
about that, we should come together and express ourselves, and I think art does that for us” (PA
Student 12).

“Expressing myself is very important and art can do that, but what else is important is listening to
our classmates and learning about their opinions and through art activities we can do that and not
feel judged” (HU Student 3).

“When we do like a science activity that involves art I can see the different perspectives of my
classmates and | can find my own personal voice to share to my classmates and teacher” (HU
Student 7).

Each student's unique perspective becomes a valuable contribution to the collective learning in the
classroom. In conclusion, teachers should emphasize and highlight students' personal expression
through art-based methods. Teachers should embrace and encourage personal expression from their

students in the classroom.

Critical Thinking

Another theme that came up from the student’s interviews is critical thinking; when
students create art or explore visual pieces, they are evoked to think critically about the diverse
elements from color, shape, or texture. Art prods students to question, challenge, and discover

various perspectives. Students have expressed how art makes them think outside the box,

“Art makes me a critical thinker by pushing me to think about different things and meanings” (HU
Student 10).

“I like art because there is not a right answer to something, but makes me thinking of different
possibilities or outcomes to a question and yes that can be hard, but with the help of my classmates
and teacher I feel I can learn in a new way” (PA Student 15).

Similarly, PA Student 11 posed their perception by conveying,

“T get really excited when we do like an art activity in a science class because it can challenge me
to think and be different from my classmates, | start to think and come up with different ways to
learn the topic.”
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“Art teaches me that there's more to learn than just drawing or painting, but with more advanced
activities | feel I can develop my critical thinking skills because | need to think outside the box of
the topic and look deeper into the idea” (HU Student 3).

Lastly,

“I guess 1 would say I like solving problems and when I do an activity that challenges me I get
excited to learn and makes me think critically and 1 like to learn with my classmates and see their
opinion about the activity too and maybe compare ideas together” (PA Student 12).

Additionally, students expressed how art can articulate their ideas better and how they can show

their ideas through the activity.

“I can explain myself better if I do something with art, and this lets me see different perspectives
and can engage my critical thinking skills” (HU Student 8).

“Using art in the classroom can be a safe place where we can learn together and break down hard
topics together and | can see what challenges me and try to come up with different ways to explain
my ideas” (PA Student 19).

“Art comes in many different ways and that is the same as how we think so art can develop my
critical thinking skills by seeing different patterns or pictures or visuals that can make me ask
questions and listen to different ideas from my classmates” (HU Student 6).

To end this theme, PA Student 15 explained,

“Through art activities I've discovered that critical thinking is not just about finding answers; but
like about asking deep questions. This makes me want to explore and appreciate different creative
ideas.”

In conclusion, art-based methods develop critical thinking skills for students. The process of

creating art encourages them to question, analyze, and challenge themselves with new information.

Collaboration and Communication Skills

As mentioned above, art provides a unique and powerful road for self-expression, which
leads to effective communication and collaboration skills. Firstly, creating art encourages students
to speak and portray their thoughts, emotions, and ideas visually. This multisensory approach to
expression promotes developing these skills that can aid students in the education and career
aspects. Furthermore, engaging in collaborative art projects cultivates interpersonal

communication skills. When students engage in group projects or activities with art they are
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collectively contributing to a shared learning experience. Therefore, collaboration not only
improves their ability to work effectively in a team but also develops interpersonal and
communication skills. Many of the students during the interviews have revealed how art can

develop their teamwork and communication skills which go hand in hand.

“I enjoy working in a group with my classmates because I can learn the value of teamwork that can
be beneficial not only to my education but for my work in the future” (PA Student 22).

“I think art projects like in science class can really help us on how to work with one another in a
group and I know that is very important, also it let’s us explain our ideas to our teammates and listen
do different point of views” (HU Student 9).

Similarly,

“I really like working in a team project because it let’s me learn how to work in a group especially
with classmates | never been in a group with, I can also learn how to communicate my ideas in an
understanding way the same for my teammates” (PA Student 20).

“Working in group projects especially with art is a lot of fun, and I can work with my classmates
on making something different and cool” (HU Student 1).

Thus, when students come together to work on an art project or activity students learn how to
collaborate, compromise, and communicate effectively to their teammates. When students work
together they learn to express their perspectives while merging ideas of their classmates.
Collaboration parallels with real-world scenarios where effective communication is key to
successful teamwork. Students expressed how they felt the freedom to express themselves
authentically, trying to develop their self-confidence, and a willingness to share their perspectives

on certain issues.

“When we do group art projects is shows me that communication is not just about expressing my
ideas, but also about understanding and listening to the ideas of my group mates” (HU Student 2).

“Through art and projects I've developed the confidence to communicate my thoughts and feelings.

I can improve my communication and working together skills to use in my everyday life” (PA
Student 16).

“T like using art to express myself, so when we can use it in a group for an activity or project it lets
me be creative and share my ideas, but | can also hear the ideas of my classmates and maybe that

will make us feel comfortable with each to share if it’s supposed to be graded you know {laughs}”
(HU Student 9).
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Lastly, PA Student 18 stated,

“Art allows me to communicate without any restrictions by being creative and showing my ideas to
my classmates, | also like collabing (collaborating) with my classmates and see what they can make
and be creative together.”

Consequently, when students collaborate they can create connections, build trust, and learn to
appreciate different ideas. This interconnectedness contributes to a positive learning environment.
Students who engage in artistic efforts can express themselves creatively, develop interpersonal
skills, collaborate, and improve communication skills that are essential for success in academia and

beyond.

Emotional Well-being

The integration of art-based methods in education plays a vital role in supporting students'
emotional well-being. Art therapy can be an expressive outlet for students allowing them to delve
into their emotions in a safe and supportive environment. Students can self-explore their emotions
which fosters emotional intelligence and self-awareness. Engaging in art also offers a form of stress
relief and relaxation whether through drawing, painting, sculpting, acting, or dancing it can provide
a sensory experience that can be calming. Art can offer students a healthy coping method to manage
the strains of their education or even personal life. A few students have discussed how art helps
them through challenging encounters whether in school or outside of school (HU Students 3,5, PA

Students 15, 23).

“Art is my way of letting go of things that bother me, when I am painting I can let out all my emotions
into my picture and this can really help me if I feel stressed from school, it’s my favorite hobby, so by
adding this to my lessons I think it would want me to learn more” (HU Student 3).

“As a student, we have every right to feel pressured and struggle with our classes, but when | am dancing
I get let go of these aspects and just enjoy what my body can do through dance, I need to remember that
my emotional well-being is as important as learning in school” (PA Student 23).

Similarly,
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“I love anything art and art is my creative outlet when I am feeling stressed in school and art can let me
focus on relaxing and not stressing so much, | wish though my teachers can added it more into the
classroom” (HU Student 5).

The last student describe their opinion by saying,

“In a group art project, I realized the support art brings to our emotional well-being. It lets us have a
shared experience where we can help each other through creative aspects” (PA Student 15).

Moreover, art-based methods encourage a sense of accomplishment and self-esteem. When
students watch their creative ideas come to life they experience a tangible demonstration of their
capabilities. This influences students to be positive about their self-perception and an increase their
confidence and self-worth. When it comes to a classroom setting, the collaborative aspect of art
projects promotes the notion of support, a sense of belonging, and connection among each other.
Thus, students learn to appreciate the diversity of emotions allowing students to be empathetic and

understanding towards each other.

“Art is my to express myself and maybe for my classmates also, it makes my idea come to life through
the project or activity. My group and | can create something different and be confident in what we
created” (PA Student 17).

“I can be a bit shy, but when I feel I am safe and no judgment is shown in my group it allows me to
speak my ideas and | feel | can get support from my classmates or when the teacher makes me feel the
project is fun and safe I feel happy” (HU Student 2).

“Art is for everyone is different, but when we are put into a group project we learn how to express
ourselves with our classmates so getting their support or even them just listening to my ideas makes me
feel good and willing to continue to share, my emotions are not being hurt and I can | guess count on
my teammates for help” (PA Student 20).

In essence, the incorporation of art-based methods in education is essential for supporting
students' emotional well-being. Again, it provides a means for self-expression, stress relief, and the
development of emotional intelligence. Teachers need to develop a positive and supportive
environment through art in their classrooms. A teacher’s job is not only to their student’s academic

growth but to their emotional and mental well-being.
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Enjoyment and Interest

Art has a unique way to captivate students' attention by presenting dynamic and engaging
methods. Students can have a positive learning experience when they are enjoying the lesson and
are genuinely interested in the class, for instance when teachers implement fun activities or even
activities that include art-based methods. As written above and throughout the research, art creates
a space where interest is presented, imaginations are stirred, and a genuine passion for learning.
Students can become active participants in the classroom when their interests are peaked which
demonstrates enthusiasm and a deeper understanding of the subject leading to lifelong learning.
This is connected with Csikszentmihalyi's Flow theory. It explains that when students are engaged
in activities that incorporate art, they enter a state of flow, which is a mental state characterized by
complete absorption, heightened focus, and a sense of enjoyment. In this state, the challenges of
the learning task are balanced with the students’ perceived skills by designing the best learning
experience. Lastly, Csikszentmihalyi's Flow theory portrays how active participants become
interested and enthusiastic about their learning contributing to a lifelong learning experience. In
the students’ interviews, some students have been informed on how they are more interested in the

lesson when different teaching methods are involved instead of the traditional form.

“I start getting bored when the teacher just keeps talking and talking without doing anything else, |
don’t feel motivated to learn, but when we do activities I enjoy the class more and I will want to
participate” (HU Student 7).

“I don’t like just hearing my teacher give a science lesson, I want to be involved in the learning, so
when we can do activities or work in groups | appreciate it because it makes me want to learn and
I think the subject becomes more interesting” (PA Student 16).

“Today technology is important in education, so I feel teachers should use it in the classroom,
because | am always on my phone or my iPad so I think it would be more enjoyable the lesson when
we can use technology or even play a game or do an activity that we use technology” (HU Student
10).

“Lessons can be fun when teachers make it fun, so just listening to them explain something doesn’t
sound too fun, but yea if we do an art activity that can be linked to the subject | would enjoy the
lesson more and be willing to participate in the class” (PA Student 19).
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The notion that art can cater to diverse learning styles for students has been mentioned and
validated and for students when different learning styles become evident in the class they tend to
enjoy it more. Students are different and learn differently from visual, kinesthetic, and auditory
learners. Using different sensory methods in the classroom ensures that students can connect with
the material in ways that resonate with their individual preferences. This type of learning is
inclusive and can create a positive learning culture. A few students have portrayed how they have
different learning styles and how important it is to be used in the classroom to enjoy their learning

experience.

“When a lesson includes any type of art, it’s not just about memorizing facts, but becomes a fun
lesson where I am appreciating the subject” (PA Student 23).

“T am a visual person, I like to see things so when the teacher adds different pictures or posters or
creates a visual presentation I feel I learn better and become engaged in the lesson” (HU Student 1).

Similarly,

“Learning in different ways is what makes learning fun, so I enjoy when my science teacher keeps
it interesting and fun either by creating interesting presentations, or doing an experiment, or like a
group activity” (PA Student 21).

Furthermore, students need to enjoy the lesson and it is the teacher's job to keep the students
engaged and interested in the lesson. There are so many new learning styles, techniques, and tools
to use in the classroom instead of the traditional way. Students will appreciate it more when
teachers create a fun, but an informative lesson. From the interviews, when students find joy and
interest in the lesson they begin to engage, develop a deeper understanding of the subject, and grow
different skills. So integrating art-based methods into education is not just about boosting
enjoyment in the classroom, but establishing a transformative learning experience that promotes

creativity, innovation, and enthusiasm to continue learning.
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Memory Retention

The last theme that was discovered from the students’ interviews is enhanced memory
retention of the subject. Art, as mentioned, can engage multiple senses, creating a multisensory
learning experience that notably contributes to memory formation. Once students actively
participate in artistic activities it stimulates different areas of the brain to promote memory
retention. When teachers implement art-based methods in the lesson students are encouraged to
learn and this has a positive impact on memory retention. Some examples of art-based methods
include the use of visual aids, graphic organizers, diagrams, mind maps, and pictures or sketches.
These tools can be potent in the learning process for students and aid in their memory retention of

the subject or topic.

“When the teacher uses different types of art in the lesson it lets me remember things than just
listening to the teacher. | feel | get a better impression of what the lesson is about when different
teaching styles are used in the classroom” (PA Student 11).

“I have a hard time just memorizing definitions or facts when the teacher speaks, but when | see
some visuals like posters or something | feel 1 will remember the information of the lesson better
than not seeing anything” (HU Student 6).

“I think yes when teachers use art in the lesson it can help students remember information because
the students will engage in the class more and participate more so that can lead us to remember the
information better” (HU Student 5).

Comparably,

“Art is important and for me I will remember the subject better when the teachers show
presentations or we can do something that will let us remember the information, for example maybe

playing a game where [ am participating in the class, instead of just listening to the teacher teach”
(PA Student 22).

Additionally, collaborative art projects in the classroom can contribute to social learning and
memory retention. When students are working together they have a hands-on learning experience
and promote engagement in the lesson topic. When students engage in discussions or group activity
it allows students to express themselves in a unique matter contributing to information

remembrance. PA Student 14 has expressed,
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“When [ am working on an activity or project, I feel I will remember the topic more because I
actually worked on it for a few days or hours, than just listening to the teacher explain it.”

“I like doing activities in the class because I can finally do something to remember the information
and this will motivate me to keep learning and remember things for the next year when | get to my
other grade” (HU Student 1).

“When we do a project it is a group effort and then we can have a space to learn and remember
more because we are putting more effort into the project to present properly to the class and get a
good grade” (PA Student 15).

Project-Based Learning

A few students have expressed how projects demonstrate their creativity and self-

expression. The students found participating in projects useful. One student remarked,

“T definitely prefer doing projects in the classes because I consider myself very artistic and doing
projects it allows me to be creative and show what I can do visually” (HU Student 9).

“By doing projects, I am automatically being creative, and already allows me to cooperate and
collaborate with my fellow classmates regarding the topic of the project. Working together is
beneficial because it gives me different skills to use in my future and lets me practice how to be part
of a team” (PA Student 17).

Furthermore, students felt that by doing projects they become more involved in the lesson and
course, and students can learn new skills from their classmates through projects. Starting with HU

Student 4,

“Working in a group is useful because it gives me a lot of skills I can use in the future because when
I work | want to be an engineer and | need to practice how to work with other people. So it is
important to start now and get used to working with other people. | consider myself a creative person
and doing projects lets me be as creative as | can be and | find that very useful and important.”

“I personally like doing group projects more than individual projects because it associates using
your memory when working in a group with the subject you are learning. | also think it is better
than doing a test because projects you can learn more and actually remember what you learned than
doing tests. Projects is a good way to learn in my view” (PA Student 16).

“Projects allows me to feel like I am being part of the lesson instead of just sitting and listening to
the teacher the whole time. | feel like 1 learn more not only from the goal of the project, but from
my friends and classmates because we are all sharing our ideas through the project” (PA Student

23).

In summary, all the students portrayed how PBL is beneficial and important in their learning

experience. In conclusion, integrating art-based methods into lessons significantly enhances
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students' memory retention. These multisensory tools create a rich learning environment that
promotes deep understanding and lasting memory. Teachers need to find innovative ways for

students to have a substantial learning experience.

Challenges of STEAM

As we delved into the positive insights from students garnered from interviews
demonstrating STEAM education as a rich and dynamic learning approach, however, it also
proposes significant obstacles for learners, as interpreted from the students’ interviews. Their
insights gave valuable information in understanding their encounters that can enhance the efficacy
of implementing STEAM in classrooms. The table portrays the recurring themes that emerged from
the interviews that can offer valuable insights for educators, policymakers, and researchers alike

on the challenges of STEAM elicited from research question 4.

Theme 1 Fear of Judgment and Failure
Theme 2 Lack of Materials
Theme 3 Lack of Confidence
Theme 4 Difficulty with Art
Theme 5 Insufficient Feedback

Table: Themes from the RQ4- Challenges of STEAM activities

Fear of Judgment and Failure

The first theme that was figured from the students' interviews was the fear of being judged or
failing an activity or project dealing with art. As many positives and benefits of art are mentioned
throughout the texts, art can allow students to feel they could be judged by their peers and
classmates. They may also have the fear of failing because there is not one right answer when
conducting an art activity or project. Therefore, students have the fear of not meeting the proper

standards of artistic skill or outcomes due to personal ideals or lack of creativity. Many students
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have expressed how they fear being judged and failing a certain subject (HU Students 1,6,10, PA

Students #14,18,22).

“Art is a very personal thing because it is how I feel, so when I need to present it or show it to the
class | have the fear that | could be judged from my classmates, eventually leading to maybe failing
the activity. | get really nervous if | get a bad grade” (SP#1).

Similarly,

“When I am doing an art activity it means I am expressing myself and not everyone can agree or
like what | make so that makes me nervous about being judged or talked about from my classmates
or even teacher and maybe she can fail me or something if I didn’t do it correctly, I think art is very
personal and you need to fully accept yourself” (PA Student 14).

“I really don’t like being judged and | feel art can do that because everyone is looking at your work
and some people might not like that so they are judging my work, the work that | worked hard on
so that makes me nervous and like also what if my teacher doesn’t like the work I did, will she give
me a bad grade or no that also makes me nervous” (HU Student 6).

“Art 100% self-expression so people no matter what will judge, but it should be constructive not
destructive. | feel teachers should tell students to not judge others work and have an open mind
about the student’s work” (PA Student 22).

“The struggle for me when I do art isn’t just about getting a good grade but the fear of my idea not
being good enough” (PA Student 18).

Lastly,

“If T fail or get a bad grade in an art class, it’s like just about having a low grade, but it makes me
think | am not creative or my idea is stupid. Also, the same feeling | would feel if my classmates
didn’t like my work” (HU Student 10).

Teachers should try to overcome these challenges in order for students to learn and express
themselves in a free and safe space. Teachers should encourage students to be diverse and different,
and explain how to not judge other students’ creative work. Teachers need to encourage healthy
and open mindsets where it is acceptable to think and feel differently leading to imaginativeness.
Additionally, teachers need to provide constructive feedback and not just a grade that focuses on

growth rather than perfection or a perfect score.

“Art is the one thing where we can fully express ourselves, but | still have the fear of being judged
and makes me self-doubt my abilities” (HU Student 7).

“Art should be a praise different ideas from the students and not feel like we are being judged from
our classmates or teachers. | think teachers need to tell this to students that everyone thinks
differently and that it is okay to” (PA Student 17).
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Furthermore, teachers need to inspire and push students to be divers and help them with
these challenges of feeling judged or failing the subject. Teachers need to be inclusive and allow
students to express themselves freely to create an environment where they are empowered and can

learn.
Lack of Materials

This theme has been more evident in Palestinian schools due to the lack of financial issues in
the school or not finding the right materials. Thus, when essential art supplies are scarce students
are forced to compromise their vision and creativity due to these limitations. The absence of a
variety use of materials hinders their ability to experiment with various methods deterring the
development of their artistic skills. This can frustrate the students because they can feel

disheartened and demotivated withdrawing their interest in art. Starting with this student,

“I mean for me I sometimes feel frustrated when we cannot do a certain activity because we don’t
have enough materials, and | feel less motivated to learn because we are always doing the same
thing in class” (PA Student 12).

“Sometimes it is hard to see other schools having more fun in the classroom or doing fun activities
and we can’t because we don’t have the materials and resources to do those activities and my parents
sometimes can’t afford these materials so I hope the school can” (PA Student 20).

Another student spoke on a similar matter,

“Sometimes it is discouraging to know we can’t do some activities in the class because we do not
have enough materials for everyone” (PA Student 13).

“I think it is the school’s job to give us the materials and enough materials so we can do activities
instead of just listening to the teacher give a class, doing these activities can motivate us to learn
more, so I don’t know schools should provide us with the materials” (PA Student 11).

Overcoming the challenge of scarce materials requires an intensive effort from the school
to allocate these resources effectively for students to explore, innovate, and engage in different

artistic activities.
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Lack of Confidence

Another challenge students face when using art in the classroom is that they do not feel
confident in their artistic abilities. From the students’ perspectives, it showed that they get nervous
or insecure when presenting their project or activity in front of their classmates. Therefore,
overcoming this challenge requires a nurturing and supportive environment where students feel
safe to experiment, make mistakes, and embrace their artistic journey. Building confidence in the
art classroom is not merely about mastering techniques but promoting a mindset that acknowledges

students’ creative expression, no matter their current skill level.

“When we do an art activity in the classroom, I sometimes feel I don’t have the enough confidence
to create something very nice because I feel I am not that good in art” (PA Student 21).

“I feel I lack the confidence in anything with art which makes me hesitant to put my ideas into the
world and let me classmates to see it” (HU Student 5).

“If we are not used to presenting something or showing off our art skills, it makes me less confident
to show it to my classmates, | feel | never had teachers to uplift me in my creative thinking and
ways” (HU Student 2).

A comparable statement was made by another student who said,

“T am not the most confident person when I present, so | get shy and nervous, but teachers should
make us feel comfortable or even to start presenting and doing different activities from a young
age” (PA Student 19).

Ultimately, addressing the challenge of lack of confidence is important and teachers should
be encouraged to speak up and be able to present in front of a class. Teachers should start explaining
the importance of developing confidence from a young age so they can get used to it, and this can

aid them in their future endeavors.
Difficulty with Art
The challenge posed by the difficulty of art projects in the classroom was mentioned by

students during the interviews. There are so many methods and uses for art so some students may
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find it difficult to complete art projects. Each student has their capabilities so not every student can
do an art-based method, each has their preference on what art activity they enjoy doing. This
challenge can lead to frustration, self-doubt, and a sense of inadequacy where they are not able to
fully immerse themselves in the creative process. Starting with these students, they explain the

difficulties they face when they try to do activities that deal with art.

“To be honest, I am not the best when it comes to art like I enjoy it, but I am not the best and some
art methods are difficult to do when I have never done it before” (HU Student 8).

“If I have never done this art method like for example dancing, I will not be able to do this activity
because | have never taken it before or have ever done an activity dealing with dance, so to include
it in the classroom it can be hard” (PA Student 16).

“T think art is hard because some art activities we do in the classroom are boring, for example |
don’t like to draw too much, so I prefer maybe doing a different art thing, but if that the only activity
we have to do then | don’t really enjoy it and | would feel bored in the class” (HU Student 10).

A similar student also expressed how they feel bored in the class when they do an art activity they

do not like.

“Some activities I am not the biggest fan of, so I don’t feel like participating in the activity or if it’s
a group activity I don’t want to engage, so I think teachers need to find things were all students can
enjoy” (PA Student 19).

Another challenge that can arise from this theme is where students struggle to be creative.
Students can find it challenging to break free from traditional norms and be pushed into different
learning approaches. Therefore, teachers play a crucial role in this aspect, where they need to ease
new approaches slowly and understand the struggle could face when implementing art-based
methods into the classroom. Teachers should find different methods that each student feels
comfortable associating and completing. A few students have described their feelings toward new

activities that deal with art,

“I don’t get how teachers expect us to complete a certain art activity when I have never done
something like this before, they don’t really explain it too much which becomes frustrating because
they assume we already know, when we don’t. So I think teachers need to take it easy and explain
first what we will do and how it can benefit us” (HU Student 4).
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“We still have some teachers who just teach in the traditional way, so when they tell us to do an
activity without any explanation and just assumes we know what to do makes me very confused

and question what I need to do, and then it’s graded and I am not sure how I can do it properly” (PA
Student 16).

“I like to explore new things in the class, but it can be hard and doing an art activity can be hard if
we haven’t done one in so long, because we don’t do many in high school so like being creative is
hard and I don’t know if T am on the right path or not” (HU Student 3).

“Some art activities can be challenging so teachers need to be patient with us while we try and figure
out on how to finish it, so they should watch over us and make sure we are doing it in a correct
way” (PA Student 21).

In conclusion, as much as art can benefit students, students can get frustrated and find
difficulty in being creative and using different art-based methods in the classroom if teachers do
not aid students or create a safe space for them to explore these new methods. Teachers should
provide clear and precise instructions about any activity so that students can handle it with precision
and confidence. Students should never feel discouraged when new methods are being implemented

in the classroom, so teachers need to stand by their students and uplift their spirits.

Insufficient Feedback

The last challenge that students have described is how they do not receive enough feedback
from teachers when any type of art is involved. Constructive feedback is crucial in the creative
process because it serves as a guide to students to realize their strengths and improve their
weaknesses. When there is insufficient feedback students may start feeling uncertain and hesitant

about their work. Firstly,

“When teachers don’t provide proper feedback especially in an art activity its like I don’t know if T am
going in the right direction and I feel like I’'m in the dark, its not like an exam when you grade and there
are right and wrong answers” (PA Student 15).

“I think it’s important to hear back from the teacher to see if we going in the right direction because art
comes in different ways, so I’d like to know if my idea is good and if it makes sense since maybe it is
harder to grade” (HU Student 6).

“It goes both ways when grading an exam and then grading an art activity, teachers should give us
proper and nice feedback over what we created because not everyone does the same and everyone
creates different, so how could mine be better than my classmates when we are just self-expressing
ourselves, so teachers need to find proper ways to tell us their opinion” (PA Student 22).
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Moreover, without meaningful feedback, students may struggle to grasp the different techniques
and methods dealing with art-based methods. It affects the overall learning experience for students
where they can miss out on opportunities for reflection, dialogue, and constructive critiques that

are vital for learning and artistic development. Another student expressed,

“Art projects without good feedback is like telling me what I did was complete wrong and it is really
bad, which would make me think the way I think and feel is wrong” (PA Student 17).

“I think it is important to get a good critique from our teachers so we can practice on what we need to
work and makes me see what | should work better on, it makes me reflect my own work and I think that
is important to develop my learning” (HU Student 9).

In the end, teachers should actively engage with their students and provide thoughtful and
specific feedback that encourages growth. When teachers feedback it promotes questioning and
reflection on their work and it portrays to them they are supported, motivated, and empowered to

develop their creativity.

5.5 Conclusion and Summary

The conclusions drawn from the interviews conducted with Hungarian and Palestinian
students regarding STEAM education reflect different understandings of the role of creativity and
interdisciplinary approaches in education within these distinct cultural and educational contexts.
Among Hungarian students, there is a discernible appreciation for the integration of art into STEM
subjects, with a significant portion agreeing. The interviews unveil a recognition among Hungarian
students that art-based methods contribute positively to their learning experiences in science,
technology, engineering, and mathematics. This positive learning aligns with broader global trends
advocating for a holistic and multidisciplinary approach to education. On the Palestinian part, a
parallel appreciation for art-based methods in STEM is evident, with many students strongly
agreeing with the integration of arts into traditionally technical subjects. This resonates with the

growing acknowledgment of the value of STEAM education, highlighting the interaction between
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arts and STEM disciplines. Palestinian students, like their Hungarian counterparts, recognize the
potential of art to enhance creativity, critical thinking, and problem-solving skills in the realm of
science and technology. However, the interviews also reveal variations in the intensity of
agreement between the two groups, potentially influenced by diverse cultural and educational
backgrounds. While both regions of students express positive attitudes toward the integration of
art into STEM, subtle differences emerge showing societal perceptions of the role of arts in
academic settings. The qualitative insights gathered from these interviews display the versatile
nature of students’ perspectives on art-based methods in STEM subjects. The findings demonstrate
the importance of considering cultural diversity and individual experiences in shaping attitudes

toward innovative educational approaches.
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6. Findings and Conclusions

6.1 Findings and Summary

Chapter 6 concludes the research with the findings, addresses the limitations, and offers
recommendations for future practice and research. The section on implications of findings begins
with a detailed examination of the analysis results from Chapter 5, aligning them with the main
research questions and the theoretical framework established in Chapter 2. Moreover, the
discussion on existing literature that portrays the positive use of STEAM education supports the
perceptions and insights brought forth by the participants. The limitations section discusses the
constraints encountered during the study, providing transparency about its scope and boundaries.
Recommendations for future research and practice are made to guide future attempts in exploring
STEAM education and these recommendations are informed by insights collected from the study
to address gaps and challenges identified. The research delved into teachers’ and students’
perspectives and opinions regarding STEAM education and it examined their views on its benefits
for the student’s learning experience, implementation and integration into lessons, and the
challenges. The qualitative phase involved in-depth interviews with selected secondary teachers,
students, and administrators, conducting a STEAM activity in a science or math class, and
observations exhibited valuable insights into STEAM perceptions and challenges. The findings
from this dissertation serve as a groundwork for future research endeavors to develop and promote
STEAM education practices and policies to enhance learning experiences for all learners in the

21st-century educational landscape.

In recent years, there has been a prominence on preparing students for STEM-related

careers and supporting their abilities as creative problem-solvers. Consequently, the shift to
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integrating the Arts into STEM disciplines, forming STEAM education, has become widespread
because it aims at developing students’ creative problem-solving skills, collaboration skills,
communication skills, critical thinking skills, and more. While existing studies have explored
STEAM implementation, there is a lack of research on the necessary support for schools to
implement STEAM. This research discussed a plethora of perspectives from secondary teachers
and students in Hungary and Palestine. These perceptions were examined and investigated
throughout the research and it strived to contribute to current literature. The chapter provides a
combination of the research’s findings and discussions, limitations, and conclusions. The research
employed a variety of data sources, including STEAM activities, observations field notes, and face-
to-face interviews to obtain insights from administrators, teachers, and students. The use of
triangulation enabled a comprehensive understanding of the subject matter, with field notes and
interviews being the pivotal components in documenting the data. Through meticulous analysis,
the researcher’s transcription of responses and field notes explored the interpretation of the
participants’ attitudes and experiences concerning STEAM education. This analytical work
required a thorough and precise organization, examination, description, and interpretation of the
accumulated data. The research focused on many research questions, with a subsequent section
presenting the researcher’s interpretations and conclusions associated with the existing literature

and theoretical framework.

6.2 Discussion of the Literature Findings

Commencing with prevalent literature regarding the advantages of STEAM education, the
literature demonstrates universally the acknowledgement of the numerous benefits of STEAM
education for students. Additionally, they recognized STEAM as a student-centered approach

highlighting the importance of teaching them the skills necessary for addressing real-world
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challenges. The evolving secondary education is slowly transitioning from discipline-specific
structures to thematic or conceptual frameworks (NRC, 2011). This transition requires educators
to adopt a systemic perspective and foster broad content knowledge. Yet, it is vital for teachers to
competently facilitate STEAM-themed curriculum with substantial and ongoing professional
development (NRC, 2011). Participants in the study displayed the importance and the adoption of
an inquiry-based approach to learning and highlighted the importance of students engaging in real-
world problem-solving activities. This perspective is shown in Hoachlander and Yanofsky (2011)
explaining that STEAM concepts incorporate a hands-on approach, inquiry-based, real-world, and
project-based interdisciplinary programs. Conversely, Wang’s (2012) earlier work implies the
significance of STEAM by school administrators and educators, however, many secondary
teachers lack a comprehensive understanding of how to implement and teach through this approach.
Additionally, Lantz (2009) advocates for a transdisciplinary approach by pushing problem-solving,
innovation, inventiveness, confidence, and technological literacy. Thus, educators should create
opportunities for students to explore their interests collaboratively within a beneficial learning
environment. Expanding on this idea, teachers and students have expressed that STEAM education
promotes collaboration through team-based tasks and enhances academic merit by conducting
hands-on learning experiences, this perspective is seen in literature from Lantz (2009) and STEAM
education seeks to improve and stimulate students’ skills in innovativeness and creativity
(Gettings, 2016; Land, 2013). Other scholarly literature also depicts the development of creative
thinking and is a fundamental skill for students in their educational experience (Conradty &
Bogner, 2018; Guyotte et al., 2015; Liao, 2016). According to Hartle et al. (2015), the arts assist
in cognitive functions where the arts involve both the brain and the body in a unified method of
learning. Blanken-Webb (2014) also supports how the arts play a role in shaping cognitive

development by connecting emotions leading to empathetic connections and emotional and
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interpersonal experiences. Art-based methods present learners with a pathway for expression,
communication, and connection through innovative and creative means vital for a successful career
(Hartle et al., 2015). Furthermore, Shernoff et al. (2017) further signify the prominence of
innovation and creativity in STEAM education. When students participate in STEAM education,
students’ unique expressive abilities are displayed thereby fostering student engagement (Blanken-
Webb, 2014). The participants in this study identified essential components of STEAM education
that boost their collective understanding based on an inquiry-based learning approach and
meaningful problem-solving. Yakman (2012) delved into student ownership over learning through
experiential learning. Additionally, Margot and Kettler (2019) emphasized the student benefits
from STEAM’s open-ended, student-driven, and problem-solving approaches; these approaches
are crucial for nurturing 21st-century competencies and collaborative skills essential for their future
careers. STEAM education incorporates creative thinking methodologies, including design
thinking. Research reveals when students are engaged in design they display a deeper
comprehension of the topic or project (Gess, 2017; Gross & Gross, 2016). The findings displayed
the significance of collaborative efforts in understanding and conducting STEAM activities. Kasza
and Slater (2017) described the usefulness of teamwork over individuality because teamwork
promotes the sharing of meanings and insights relevant to problem-solving tasks. Educators require
time, patience, and collaborative support to feel confident in implementing STEAM and fostering
student-led learning experiences (Moon, 2020). This statement implies a need for educators to
create a culture of teamwork and collaboration to conduct and integrate STEAM education
(Holmlund et al., 2018; Radziwill et al., 2015). Sabol (2010) highlighted the unprecedented
challenges, opportunities, and potentials faced by individuals in the 21st century by presenting the
need for educators to equip learners with essential skills to navigate the evolving technological,

occupational, and global landscapes. With advancements in technology and globalization,
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educators need to tackle the task of fostering adaptability and initiating problem-solving learners
to thrive in an environment characterized by constant change (Winthrop et al., 2017). Thus,
educators are entrusted with the responsibility of preparing students to succeed in dynamic 21st-
century environments and future professions. Amidst educators’ endeavors to support students'
capability of applying both subject knowledge and acquired skill sets within a global context,
STEAM education has emerged as a practical approach in secondary classrooms to achieve the
necessary educational outcomes for the 21st century (Doniger & Sydow, 2016). Overall, STEAM
education allows students to learn about relevant topics and engage them through real-world
problems, this aligns with the 215 Century Skills and the P21 framework. The teachers and students
of this research corresponded with the findings of Oner et al. (2016) on the role of STEAM
integration in fostering students’ creativity. Additionally, they underlined the importance of
instructional approaches using project-based learning opportunities or having science fairs
confirming with the literature regarding these pedagogical strategies in helping an effective
STEAM integration. Competence in both content knowledge and effective pedagogical strategies
significantly influences the efficacy of integrated STEAM instruction (Caprara et al., 2012). This
statement is agreed also with Cotabish et al. (2013) displaying the necessity for educators to adopt
new trends and teaching methods. However, Dugger (2010) explains that financial constraints can

affect teachers to obtain the proper resources for training and implementing in their lessons.

The obstacles to STEAM implementation discussed by the teachers mirror other research
discussed previously. Bell (2016) discussed the need for teacher support or training to improve
their understanding of STEAM integration which was also discussed during the interviews with
the teachers and administrators. Teachers have mentioned the need for professional development

opportunities to integrate and approach STEAM education effectively, as depicted in the literature
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from Doniger & Sydow, 2016 and Jones et al., 2016. Berlin and White (2012) and Wang (2012)
also concur that providing teachers with training and preparation in STEAM can enhance science
education by developing inquiry-based and hands-on learning approaches. Another noticeable
finding pertains to the challenge of garnering support for resources and tools for STEAM
implementation which aligns with existing literature. Vann (2013) also observes the financial
restrictions faced by many educational institutions and underscores the importance of ongoing
education and experiential learning opportunities to facilitate students’ comprehension of STEAM

applications.

6.3 Discussion of the Theoretical and Conceptual Framework

A few well-renowned theorists and their theories were discussed throughout the
dissertation. The idea that STEAM education focuses on a student-centered approach was first
delved into by prominent developmental theorists: Lev Vygotsky, Jean Piaget, and Carol Dweck.
The research aims to underscore the implications for instructional design, educational practice, and
learner development within the contemporary educational landscape. In the context of STEAM
education, Vygotsky’s theory underscores the significance of collaborative learning environments
where students engage in discussion and problem-solving activities. (Vygotsky, 1978). According
to the principles of social constructivism, knowledge construction is a product of social interactions
and is shared rather than individually acquired (Lincoln & Guba, 2013). The findings align with
this notion, as participants described STEAM education as a collective work (Guba & Lincoln,
1994). Guyotte et al. (2014) elaborate that STEAM practices depend on collaborative efforts among
all stakeholders by placing STEAM as a social practice involving teachers, students,
administrators, parents, and other participants. Participants conceptualized STEAM education as a

socially constructed phenomenon wherein teachers transition from traditional, teacher-centered
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approaches to facilitative roles guiding student-centered learning. Within STEAM disciplines,
learners are offered opportunities to work in teams, draw upon diverse perspectives, and co-
construct knowledge through interaction with classmates. These collaborative activities develop
students’ communication, teamwork, and critical thinking skills vital in STEAM fields. Similarly,
Piaget’s constructivist theory demonstrates that learning is an active process of learning knowledge
through interaction within a specific environment. In the framework of STEAM education, Piaget’s
theory draws attention to the importance of a hands-on learning experience enabling students to
explore, direct, and investigate real-world issues. When learners learn through inquiry-based
approaches, such as project-based learning, students are engaged in life-like scenarios that require
the application of disciplinary knowledge and experimentation. Carol Dweck’s mindset theory
presents the role of beliefs about intelligence and learning in shaping motivation, effort, and
achievement. Dweck’s theory portrays the importance of fostering a growth mindset because it
promotes risk-taking, resilience, experimentation, innovations, and creative problem-solving. The
growth mindset theory can be seen through the teachings of STEAM education because STEAM
promotes students’ learning development through creative and innovative tasks and methods.
Therefore, these theorists delved into diverse concepts regarding a student-centered teaching
approach that can be seen in modern settings such as STEAM education. Educators can design and
implement pedagogical practices that foster collaborative inquiry, authentic engagement, and
growth-oriented mindsets, influenced by these theories, and in so doing learners are prepared and

equipped with the suitable knowledge and skills for the 21%-century global economy.
6.4 Practical and Policy Implications

Globally, education is changing constantly and different methods and approaches emerge

in the classrooms, however, in the contemporary educational discourse, the Partnership for 21

179



Century Learning (P21) framework has appeared as an essential guideline for educators and
policymakers to prepare learners’ skills and competencies required in the 21%-century. This section
explains the practical and policy implications of integrating P21’s framework of 21%-century skills
into STEAM education, clarifying the potential to cultivate a workforce adept at navigating the
complexities of a rapidly evolving global landscape. The P21 framework articulates a
comprehensive set of interdisciplinary skills, often referred to as the “4C’s”, “critical thinking,
communication, collaboration, and creativity ”, also obtaining information literacy, media literacy,
technology literacy, and life skills. The components of P21°s framework can be compared with the
principles of STEAM education, in which educators promote P21’s skills into STEAM pedagogy.
For instance, critical thinking is connected to the inquiry-based approach, a characteristic of
STEAM education and demonstrated in the P21 Framework in which students engage in authentic,
problem-based learning experiences to analyze, evaluate, and produce information from diverse
disciplinary perspectives. Other skills such as communication and collaboration, are two
interrelated skills emphasized within P21, and these two skills occur within the collaborative
learning environments, a trait also displayed in STEAM education. Project-based learning and
interdisciplinary teamwork allow students to improve their ability to articulate ideas effectively by
having lively and diverse discussions in a teamwork setting. Additionally, communication skills
foster interpersonal competencies, empathy, and cultural proficiency essential for learners in the
global context. In addition to the development of the 4C’s, P21’s framework encompasses
information literacy, media literacy, technology literacy, and life skills which are central to learners
in this digital age and can be seen when integrating STEAM into classrooms by using different
technological tools to enhance a student’s learning experience. Thus, when these skills and
approaches are integrated into curricula, educators ensure students with the critical skills are

responsible for lifelong learning. In terms of a policy perspective, the integration of P21’s
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Framework into STEAM education highlights the necessity of interdisciplinary approaches to
curriculum design, teacher professional development, and educational assessment. Moreover,
policymakers and institutions should invest in teacher training, instructional resources, and
educational technology to encourage educators to implement different pedagogical practices that
connect 21st-century skills within STEAM disciplines. Michael Fullan’s Changing Theory also
offers insights into the dynamics of learning, cognition, and pedagogy. The Changing Theory
explains that learning is a dynamic and repetitive process characterized by constant adaptation and
transformation. Learners are actively constructing and reconstructing knowledge through
interaction with their environment, classmates, peers, and culture. STEAM education correlates
with Fuller’s Changing Theory with its nature of inquiry-driven learning experiences, from student
exploration, experimentation, and discovery and connecting it to real-life instances. Moreover, the
integration of the arts within STEAM curricula offers opportunities for creative expression,
exploration, and imaginative play paralleling Fuller’s emphasis on the role of emotion, creativity,
and embodiment in learning. One practical association of integrating Fuller’s Changing Theory
into STEAM education promotes student agency, independence, and ownership in their learning
environments. Moreover, with the notion of collaboration and feedback, educators empower
students to co-construct knowledge, challenge one another, and explore multiple perspectives. In
conclusion, the correlation of P21’s Framework of 21st-century skills and Michael Fullan’s
Changing Theory with STEAM education holds profound practical and policy implications for
promoting an experience equipped with the proper knowledge, skills, and tools vital for success in
the 21st century. Educators should strive to improve students’ critical thinking, communication,
collaboration, and creativity alongside technology literacy, and life skills within STEAM learning
environments. Educators and policymakers can empower students to thrive and be innovative in an

increasingly interconnected and complex world.
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The qualitative analysis displayed a common perspective among both Hungarian and
Palestinian teachers and students, where they acknowledged the essential value of STEAM
education and its impact on developing a learner’s skills. Conversely, participants indicated
challenges and a need to change and aid teachers in implementing an effective STEAM initiative
in classrooms. As pointed out from responses to the Interview Question, which explored the
insights into the primary challenges confronting STEAM education in terms of time management,
lack of resources, and professional development, reiterates what the Change Theory emphasizes
regarding change-oriented perspectives when shaping a new teaching method-STEAM- in
curriculum implementation. In addition, the Framework for the 21st Century portrays, as
mentioned previously, essential skills such as critical thinking, creativity, innovation, and problem-
solving to be successful in the global setting. The qualitative analysis reinforced what the
Framework for the 21% Century states especially during the interviews in response to Questions,
clarifying participants’ perspectives on STEAM education and the skills learners can achieve once
STEAM is successfully implemented in the classroom that align with the goals of the 21st Century
Skills Framework. The four main C’s the Framework demonstrates are relevant and echoed by the
participants emphasizing the importance of creativity, critical thinking, communication, and
collaboration in developing a student’s skills. These skills ensure students’ readiness for post-
education interests and career efforts. The findings draw attention to embracing a change in
educational settings to support the principles the 21st Century Skills Framework brought forth to

reinforce the efficiency and continual STEAM education initiatives.
6.5 STEAM Activity and Observation

The aim of conducting the STEAM activity and observations was to investigate the

similarities and differences in student engagement and collaborative efforts in creating a STEAM
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project within a math and science class context. When comparing the experiences of Hungarian
and Palestinian students during the STEAM activities, several notable differences and similarities
emerged. Hungarian students seemed to have access to more technological resources and
educational infrastructure compared to Palestinian students, potentially influencing their technical
proficiency and problem-solving abilities. Palestinian students face socio-political challenges and
resource constraints that impact their access to educational opportunities and extracurricular
activities. Hungarian students engaged in STEAM activities conducted in their native language,
facilitating clear communication and comprehension of instructional materials. Palestinian
students, whose primary language may vary (e.g., Arabic, English), may encounter language
barriers that impact their understanding of STEAM concepts and instructions. Hungarian students,
generally residing in more affluent and stable socio-economic environments, may have greater
access to educational resources and extracurricular opportunities that support their STEAM
learning experiences. Palestinian students, facing economic hardships and political instability, may
exhibit greater resilience and adaptability in navigating challenges encountered during STEAM
activities. The findings revealed similarities in the levels of engagement and collaboration among
students from both Hungary and Palestine by displaying enthusiasm and cooperation throughout
the STEAM activity. Additionally, students seamlessly integrated prior knowledge and concepts
from mathematics and science to create their geometric or green city and displayed a
comprehensive understanding of the STEAM activity. The collaborative nature of the STEAM
activity encouraged students to express their creativity through artistic elements incorporated into
their projects and created diverse perspectives on the same activity. As stated by Guyotte et al.
(2015), the concept of collaboration when students engage with one another engagement is a better
way of learning than doing it individually. During the activities, Hungarian and Palestinian students

demonstrated their ability to be creative and innovative. Liliawati et al (2018) express how STEAM
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education encourages learners to be unconventional and to be creative thinkers. Educators should
embrace and promote creative expression within their classrooms because it provides opportunities
for students to explore unconventional solutions and use their imagination. Another key element
that promotes and impacts creativity is the formative feedback from educators (Calavia et al.,
2021). The perception of feedback originated in many fields and Skinner, an American
psychologist, introduced the notion of “procedural teaching”, emphasizing the significance of
immediate feedback for students by promptly correcting their responses (Rinvolucri, 1994).
Subsequently, educators need to provide students with feedback information to facilitate
improvement, adjustment, or reconstruction of their knowledge frameworks (Winne & Butler,
1994). Feedback to students during the instructional process is an influential factor in their learning
journey and establishes effective learning (Hattie & Timperley, 2007; Hattie, 2008) (Shen et al.,
2021). In summary, while Hungarian and Palestinian students may face distinct challenges and
opportunities within the STEAM learning context, their shared experiences underline essential

skills such as fostering critical thinking, collaboration, creativity, and innovation skills.

6.6 Semi-Structured Interviews

STEAM education has gained significant attention globally for its potential to foster critical
thinking, creativity, and innovation among students. Understanding the perspectives of both
teachers and students from diverse cultural and educational backgrounds is essential for informing
effective STEAM pedagogy and practice. Semi-structured interviews were conducted with
Hungarian and Palestinian teachers and students to explore their perspectives on STEAM
education. The interviews focused on themes such as the perceived importance of STEAM,
challenges and barriers to STEAM implementation, and strategies for enhancing STEAM learning

experiences. Thematic analysis was employed to identify common themes and divergent
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perspectives across the participant groups. The participants’ insights portrayed STEAM to be
interdisciplinary and highlighted STEAM’s learning outcomes for students from its practicality,
engagement, and collaborative features demonstrated in the 21st-century skills. They also
expressed how STEAM promotes motivation to learn different concepts through problem-solving
and critical thinking. These qualitative findings coincide with existing literature, supporting
STEAM’s effectiveness in developing students’ learning skills by conducting effective efficacy in
hands-on, project-based learning activities, as mentioned in research from Christensen, Knezek,

and Wood (2015) and Brouillette and Graham (2016).

Hungarian teachers emphasized the significance of STEAM education in preparing students
for future careers and highlighted the importance of hands-on learning experiences and
interdisciplinary approaches in fostering students’ problem-solving skills and creativity.
Palestinian teachers expressed the transformative potential of STEAM education and how it fosters
innovation and empowers students to become critical thinkers and instruments of change in their
communities. Despite contextual differences, both Hungarian and Palestinian teachers recognized
the value of STEAM education in preparing students for the demands of 21st-century skills. They
highlighted the importance of fostering creativity, critical thinking, and collaboration through
hands-on, inquiry-based learning experiences. Policymakers and educators should prioritize
equitable access to resources and professional development opportunities to support effective
STEAM implementation across diverse educational settings. Moreover, fostering partnerships
between schools, universities, and community organizations can enhance STEAM learning
experiences and promote inclusive participation among students from marginalized backgrounds.
Hungarian students demonstrated a keen interest in STEAM education, viewing it as an avenue for

exploring their creativity, problem-solving abilities, and future career prospects. They highlighted
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the significance of hands-on learning experiences and collaborative projects in fostering their
engagement and enthusiasm. However, both students and teachers acknowledged challenges such
as limited access to resources and the need for more professional development opportunities to
effectively implement STEAM initiatives. Moreover, Hungarian students expressed enthusiasm for
STEAM activities, citing opportunities for collaboration, experimentation, and real-world
application of theoretical concepts. Palestinian students expressed similar enthusiasm for STEAM
education, recognizing its potential to empower their skills in critical thinking, creativity, and
problem-solving. However, they also identified barriers such as infrastructure limitations and lack
of resources, which hindered equitable access to STEAM opportunities. The qualitative and
quantitative data gathered to explore the third research question, about the perceptions of teachers
and administrators regarding the support and sustainability of STEAM programs in their
educational institutions, yielded pertinent insights into the relationship between these two cohorts.
To elucidate how qualitative findings complemented quantitative results, the researcher conducted
in-depth interviews with participants, posing probing inquiries such as delineating the requisite
skills for students within an efficacious STEAM program, strategies for administrative backing and
perpetuation of such programs, and identification of potential lacunae within the current STEAM
framework. Collectively, responses to the research question- regarding the challenges teachers face
when attempting to implement STEAM- teachers underscored the need for training and resources.
These findings from the teachers are supported by studies, such as a study by Quigley and Herro
(2017), their study displayed the need for professional development opportunities for teachers and
should be a pivotal step toward enhancing educators’ understanding and implementation of
STEAM. The research conducted by Boice, Jackson, Alemdar, Rao, Grossman, and Usselman
(2021) and by Mastrorilli, Harnett, and Zhu (2014) also demonstrates the need for teacher training

when implementing STEAM in the classroom. Moreover, the study conducted by O’Leary and

186



Thompson (2019) depicts the need for a comprehensive and interdisciplinary educational
framework incorporating the arts to promote students’ creativity and cognitive development and
parallels the findings from teachers and students during the qualitative analysis. Therefore, the
qualitative analysis demonstrated a shared understanding and appreciation for STEAM’s
pedagogical advantages. The overarching conclusion proposes a perceived need for STEAM
education and its imperativeness to bridge existing gaps and enhance the efficacy of STEAM

initiatives in educational settings.

6.7 Limitations

This study offered and demonstrated insights into educators’ perspectives on STEAM
integration in secondary educational settings, however, several limitations constrain the validity
and applicability of its findings. Predominantly, the research was limited to five schools within two
countries, thereby limiting the extent to which the findings can be inferred to broader educational
contexts. Sampling limitations constituted another notable constraint, primarily stemming from the
restricted number of participating schools within the district. The geographical context added
another layer of complexity by conducting interviews in Hungary introduced the potential language
barrier, as not all teachers and students may have English as their first language. This raised
concerns about accurate transcription and understanding of their answers which could compromise
the integrity of the data collected. Another challenge that arose when trying to find schools in
Hungary, is the lack of acceptance from schools to conduct my research. That is why | was only
able to attend two schools in Hungary instead of three like in Palestine. It was easier to secure
access to the schools and conduct the research in Palestine as | was a former teacher in Palestine,
so schools already knew who | was and conducted my research at a previous school where | was

employed. Another limitation that was displayed while conducting research was engaging with
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interviewees, particularly students aged 14-18 in both regions. The willingness of participants to
share their opinions and be recorded emerged as a potential limitation where some students were
not fully comfortable participating in interviews or having their perspectives recorded, adding a
layer of complexity to data collection, also some students had a hard time expressing themselves
or could not give an in-depth perspective regarding the questions being asked. Furthermore, the
wide scope of STEAM education, spanning from kindergarten to adulthood, imposed a focus on a
specific age group. This strategy introduced the potential for bias in understanding STEAM
education because the perceptions of this selected group may not fully capture the broader
challenges and opportunities presented by STEAM. Another hurdle displayed throughout the
research was school closures due to COVID-19. The global COVID-19 pandemic and its associated
factors influenced the outcomes of the research. The research revolved around participants in
educational settings, and with the pandemic, the participants’ views could have hindered their
perceptions of STEAM education within their classroom contexts. Furthermore, differences in
interview length introduced limitations to the depth of understanding acquired from participant
responses. The researcher made efforts to conduct comprehensive interviews, some interviews
ranged from 25 to 40 minutes in duration, however, shorter interviews as brief as 15 minutes,
impaired the thorough exploration of participants’ perceptions of STEAM education. Nevertheless,
despite these limitations, the data analysis process produced valuable insights beneficial to the

research’s objectives.

6.8 Recommendations for Future Research

The dissertation’s findings can recommend future educators, administrators, and
stakeholders to allocate both time and financial resources toward implementing diverse

professional development initiatives for educators to integrate STEAM. Armknecht (2015)
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displays STEAM effectiveness from well-trained educators and administrators through inquiry-
based teaching that aligns with the conceptual framework for 21st-century learning. The Teaching
and Learning International Survey (TALIS) conducted by the Organization for Economic
Cooperation and Development (OECD) in 2009 illustrated a positive connection between
professional development and teachers’ self-efficacy. Another recommendation is to propose a
curriculum that integrates technology, arts-based methods, 21st-century learning frameworks,
interdisciplinary skills, and creativity under the context of Change Theory. Therefore,
implementing STEAM in secondary schools, and funding for proper materials and tools are
necessary to create STEAM projects, facilitate collaborative time for educators, develop STEAM
curricula, and provide interdisciplinary professional development opportunities. Stansbury (2011)
highlights the importance of having available resources to implement STEAM programs. The
adoption of new instructional practices needs training and support to enhance teachers’ self-
efficacy in differing teaching methods (Gess, 2017; Margot & Kettler, 2019; Stein & Muzzin,
2018). DeJarnett’s (2018) case study depicts the positive impact of professional development and
support on teachers’ self-assurance in STEAM implementation. Schools must detect and modify
their environments by considering both the local environment and available resources. Similarly,
awareness of external resources and professional connections enhances the real-world relevance of
school activities. Future research could explore students’ perceptions of STEAM education in
broader and global contexts. These research endeavors could entail conducting investigations into
the perceptions of STEAM across diverse school districts in various cities and countries to
understand the diverse perspectives of people from a geographical, cultural, or political viewpoint.
This study, while insightful, focused on examining the perceptions of STEAM education among
participants from only five schools in two different countries so the sample size did not fully

represent all secondary schools in their districts, thereby constraining the generalizability of the
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findings. Therefore, future research should strive to encompass a more diverse selection of
participants to provide a broader and more profound understanding of the research questions. To
further enhance this research, expanding the study to incorporate parents of the students or various
stakeholders’ perceptions of STEAM would enrich the research methodology by incorporating
controlled observations, polls, and comparative analyses between different participant groups. This
would create a comprehensive exploration of the benefits and challenges associated with STEAM
education. Moreover, to enhance the thesis’ findings, the researcher proposes conducting multiple
mixed-method studies across diverse regions nationwide, thus, developing authentic results by
incorporating input from educators and administrators with varied experiences and expertise to
train secondary teachers to implement STEAM education in their curricula. Rolling (2016) portrays
the significance of a collective culture to obtain shared understandings and common STEAM goals.
As well, Holmuld et al. (2018) support a collaborative, reflective, and iterative culture to implement

STEAM education among educators.

6.9 Conclusion

A qualitative approach was utilized and the findings of this research revealed that both
Hungarian and Palestinian teachers and students shared similar perceptions regarding STEAM
through qualitative interviews, STEAM activities, and observation. Despite an awareness of the
importance of STEAM education, teachers and administrators may not always grasp its full scope.
Participants in the study interpreted STEAM education differently based on their experiences,
education level, and background knowledge, yet exhibited similar understandings of its meaning,
significance, and associated challenges. Other research and studies demonstrated positive and
effective implementation of STEAM in classroom settings from primary to university. The

findings, implications, and recommendations from this study contribute to ongoing efforts to
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enhance perceptions of STEAM education. In summary, the perspectives from both Hungary and
Palestine unite in acknowledging the transformative potential of STEAM education. The emphasis
on skill development ranging from creativity and communication to collaboration, critical thinking,
and real-world application assists as proof- of the effectiveness of integrating art into STEM
pedagogy. The thesis delved into the workings of integrating the arts into STEM and switching the
paradigm to STEAM. The many benefits of incorporating the arts into education were displayed
during this study. Beginning with creativity, a foundation of artistic expression emerges as a
powerful influence that allows students to approach problems and tasks in diverse and
unconventional ways. It grants them the freedom to explore their unique perspectives and it
develops an environment of individuality and innovativeness. Teachers should encourage students
to express themselves artistically when the educational paradigm shifts from a passive attainment
of information to an active, participatory experience. The arts provide a platform for self-discovery
and self-expression allowing students to communicate their ideas with certainty. Collaboration and
cooperation are essential skills in the ever-evolving landscape of the 21% century in education and
careers and the arts become an integral part of the classroom to develop those skills. Students
engaged in shared creative endeavors where they learned to view and accept diverse perspectives
and work collectively towards a common goal. The collaborative aspect infused through artistic
expression lays a foundation for effective teamwork, a skillset that excels in academic domains and
is relevant in real-world scenarios. The integration of the arts into STEM education sparked critical
and problem-solving thinking skills. The challenges presented by artistic efforts prompt students
to think analytically showing resilience and adaptability. Artistic exploration encourages a mindset
where problems are viewed as opportunities for growth contributing to their development in real-
life contexts. The research demonstrated the perspectives and insights of high school teachers and

students in Palestine and Hungary. This research showed a comprehensive understanding of the
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different ways in which the arts can enhance education across diverse cultural and educational
contexts by examining the experiences of students and educators in these different settings. In other
words, the research aimed to paint a picture This research aspires to contribute to the ongoing
dialogue surrounding STEM and STEAM education and seeks to challenge preconceived notions
about it. The research insists on a shift in the mindset about the integral role of the arts in the
educational landscape by emphasizing the numerous benefits that the arts bring to STEM
education. As well, this research is trying to bridge the gap between disciplines and foster a more
complex and inclusive approach to learning. The findings of this study not only add depth to the
academic discourse but also carry implications for educational policies and practices that advocate
for an enriched curriculum that acknowledges and celebrates the arts in STEM subjects. Moreover,
integrating STEAM programs in secondary schools has the potential to positively impact education

by providing students with essential tools to address global challenges.
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Appendix 1

Letter of Information

Project Title: The Importance of Integrating Art-Based Methods in STEM Education
Document Title: Letter of Information

This letter is to address and explain what the research is about and it will give a brief description

of the researcher in charge of this project.

My name is Nicole Kasbary and | am currently a PhD student at Eotvos Lorand University
in Budapest, Hungary. | am enrolled in the Faculty of Education, specializing in the Adult Learning
Program. This is a 4 year program and have spent the majority of my studies in Budapest itself. |
am conducting interviews, questionnaires, and observations to collect data for my research. The
topic of my research is the importance of integrating arts-based methods in STEM education.
STEM is an acronym for science, technology, engineering, and math and the research is trying to
add arts-based methods to become STEAM education. The research collects literature that defends
this concept and explains how vital and beneficial arts-based methods are for individuals. Arts
promotes many aspects which include, collaboration, creativity, innovations, individuality,
problem and critical thinking skills, and much more. The research is trying to promote the arts and
their uses to be associated in classrooms, but more importantly in curriculums. Data will be
collected, transcribed, analyzed, and a comparison from three different countries- Hungary and
Palestine. A qualitative method approach is used from a collection of literature, interviews, and
observation. The target groups include- high school administrators, high school teachers, and lastly
high school students from Hungary and Palestine. 1 will conduct interviews with high school

administrators, teachers, and students to get a narrative perspective about STEAM education and
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the importance of arts. | will enter classrooms and create activities for STEAM and then observe
students and teachers on their take on STEAM. Subsequently, a questionnaire will be handed out
to the teachers and students where they will personally express their opinions on STEAM and the
arts are beneficial and can aid in their future careers. The main goal of the research is to promote
the importance of arts-based methods in classrooms and STEM subjects by collecting the necessary
data. To better understand and obtain different perspectives the interview will consist of a series of
questions based on the importance of arts, STEAM education, and its implementation in
classrooms. Thank you for giving me the chance to explain my research and its goals. The interview
will take between 30-60 minutes. Every interviewee will be handed a consent form to fill out and
if agreed their responses and personal information will be transcribed only into the research and no
place else. The interview will either be audio or video recorded depending on the interviewee’s
wishes. There will be questions and the answers will be transcribed into the research. Thank you

for your participation and engagement in my research to reach positive results.
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Appendix 2

Consent Form for Students under 18- Audio or Video Recording

Project Title: The Importance of Implementing and Integrating Arts-based Methods in STEM

Education

Document Title: Consent Form

Principal and Contact of School:

I have read the Letter of Information about the project entitled above and had the project

explained to me and agree to participate in this project with my parent’s permission.

I consent for my daughter or son to participate in the interview and be part of this research.

Yes No

| agree to be either audio or video recorded. Check the box that applies-

Interview Audio Recorded Interview Video

Recorded

I consent to the interviewer to use my quotes and transcribe them into her research.

Yes No

Name of Teacher :

Name of Parent or Guardian:

Signature of Parent or Guardian:

Signature of Student: Date:
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Appendix 3

Consent Form for Students above 18- Audio or Video Recording

Project Title: The Importance of Implementing and Integrating Arts-based Methods in STEM

Education
Document Title: Consent Form
Principal and Contact of School:

I have read the Letter of Information about the project entitled above and had the project

explained to me and agree to participate in this project.
Yes No
| agree to be either audio or video recorded. Check the box that applies-

Interview Audio Recorded Interview Video

Recorded

I consent to the interviewer to use my quotes and transcribe them into her research.
Yes No

Name of Teacher:

Name of Student:

Signature of Student:

Date:
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Appendix 4

Consent Form for Administrators and Teachers- Audio or Video Recording

Project Title: The Importance of Implementing and Integrating Arts-based Methods in STEM

Education
Document Title: Consent Form
Principal and Contact of School:

I have read the Letter of Information about the project entitled above and had the project

explained to me and agree to participate in this project.
Yes No
| agree to be either audio or video recorded. Check the box that applies-

Interview Audio Recorded Interview Video

Recorded
I consent to the interviewer to use my quotes and transcribe them into her research.

Yes No

Name of Administrator or Teacher:

Signature of Administrator or Teacher:

Date:
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Appendix 5
Informed Consent and Description of Research In-Person Participation Students below 18
Dear Parent/Guardian of Student,

You are invited to participate in a questionnaire by Novak Géza Maté Ph.D. (research leader,
E6tvos Lorand University) and Nicole Kasbary (PhD student, E6tvos Lordnd University) who are
coordinating the research. This study aims to collect the teachers’ and students’ perceptions of
STEAM education and the importance of arts. Participation is utterly voluntary. This consent form
will be sent to the student’s parent or guardian if either agrees to take part in this study. If agreed
the student will be asked to do a STEAM activity, followed by a questionnaire about the activity
and what are the benefits of arts-based methods. In the framework of this research, we hope to
extend the existing knowledge of the students’ perceptions of implementing STEAM activities in
their classrooms. The questionnaire will take only 10-15 minutes to complete for there are only 10
statements to either agree or disagree with. Filling out the questionnaire is completely harmless
and does not have any detrimental after-effects. Also, no medical or laboratory report will be
prepared about the results of the study. It is possible to cease or stop participating in the
questionnaire at any given moment and no need to specify why. Monetary compensation will not
be due for participation. The results of this study will later be used in publications and could be
presented at scientific conferences.

All the data and personal information that will be obtained during the interview will be stored as
coded information on a secure external hard drive with a password code. The individual codes are
provided by the assistant in charge, and these are accessible and known only to her. The document
with the rules regulating personal data processing (General Data Protection Regulation, GDPR) is
attached with its enclosures. If you have questions about this project or have a research-related
problem, you may contact the researchers: Nicole Kasbary at nkasbary@student.elte.hu or Dr.
Novak Géza Maté PhD at novak.geza@barczi.elte.hu. Please sign the agreement below you agree
with the conditions outlined above and endorse participation in the study. We thank you for your
collaboration.

I (the undersigned) declare that I- the parent or guardian was given thorough
information regarding the circumstances of my daughter/son’s participation in the present research.
| agree with the conditions and allow my daughter/son to complete the questionnaire. | reserve the
right to terminate participation at any time in which case the data belonging to my person should
be erased. | am not (and have not been) treated for any kind of neurological or mental disease.

date signature

By clicking “I agree” below you are showing that you are below 18 years old, have read, and

understood this consent form, and agree to participate in this research study.

| agree | do not agree
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Appendix 6

Informed Consent and Description of Research In Person Participation above 18
Dear Student,

You are invited to participate in a questionnaire by Novak Géza Maté PhD (research leader,
E6tvos Lorand University) and Nicole Kasbary (PhD student, E6tvos Lordnd University) who are
coordinating the research. The aim of this study is to collect the teachers’ and students’ perception
of integrating the arts into STEM education and the importance of arts.

Participation is utterly voluntary. If you agree to take part in this study, you will be asked
to complete a questionnaire about STEAM education and what are the benefits for arts-based
methods. If agreed the student will be asked to do a STEAM activity, followed by a questionnaire
and will take only 10-15 minutes to complete for there are only 10 statements to either agree or
disagree. Filling out the questionnaire is completely harmless and does not have any detrimental
after-effects. Also, no medical or laboratory report will be prepared about the results of the study.
It is possible to cease or stop participating in the questionnaire at any given moment and no need
to specify why. Monetary compensation will not be due for participation. The results of this study
will later be used in publications and could be presented at scientific conferences.

All the data and personal information that will be obtained during the interview will be
stored as coded information on a secure external hard-drive with a password code. The individual
codes are provided by the assistant in charge, and these are accessible and known only to her. The
document with the rules regulating personal data processing (General Data Protection Regulation,
GDPR) is attached with its enclosures.

If you have questions about this project or have a research-related problem, you may contact
the researchers: Nicole Kasbary at nkasbary@student.elte.nu or Dr. Novak Géza Méaté PhD at
novak.geza@barczi.elte.hu. Please sign the agreement below you agree with the conditions
outlined above and endorse participation in the study. We thank you for your collaboration.

I (undersigned) declare that | was given thorough information regarding
the circumstances of my participation in the present research. | agree with the conditions and to
participate in the study. I reserve the right to terminate my participation at any time in which case
the data belonging to my person should be erased. I am not (and have not been) treated for any kind
of neurological or mental disease .

date signature
By clicking “I agree” below you are showing that you are above least 18 years old, have read,
understood this consent form, and agree to participate in this research study.

| agree I do not agree
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Appendix 7
Classroom Activities for STEAM Observation

Type of teaching. Check that applies to the activity:
Lecture Seatwork
Class discussion Collaborative learning
Small group discussions
Project-based learning
What was the task/activity?
Explain what the students were doing throughout the activity.
Explain students’ expressions and body language during the activity.
Student Engagement:
Low Medium High
Was arts integrated into the activity?
Yes A Little No

What other methods were applied during the activity?

Collaboration Engagement
Innovation Effort
Self-learning Other

Critical thinking Problem-Solving
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Appendix 8

These are the questions that were asked during the interviews, other questions were asked during
the interview from the answers the participants gave. These questions were cohesive for all groups
starting with the secondary principals:-

1.
2
3
4.
5
6

7.

How can curriculums be developed?

. What are new techniques and methods teachers should implement in their classrooms?

How can STEAM education benefit the students?
How can teachers learn to teach STEAM education in their classrooms?

Can STEAM education help students in finding a good job?

. What are the regulations for developing or changing the curriculum?

Who seems to be the best fit in developing curriculums?

Interview questions for the secondary teachers:-

1.

2
3
4.
5
6

10.
11.

12.

13.

Why is STEAM education an important aspect of education?

. Why is the art an important asset to STEM education?

Can students learn science, technology, engineering, and math without the arts?

How can schools or teachers integrate the arts into curriculums?

. What are the main problems schools are facing with not developing the curriculums?

. What are some changes teachers can make to develop curriculums and use STEAM

education?

Is the government in charge of developing the curriculums or is it the school’s
responsibility?

What is project-based learning in your opinion and idea?

Can project-based learning benefit the students and give them a better and more advanced
experience in their classroom?

What are some connections between project-based learning and STEAM education?

Do you know other high school teachers in other schools who know or use STEAM
education in their teaching?

After understanding what STEAM education is, have you ever used it without knowing
what it is?

What can you add to the idea of STEAM education?
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Interview questions for the secondary students:-

1.

o M W N

© o N o

What kind of activities do you know about STEAM education?

After doing some activities with STEAM education do you think you learned more?
Do you prefer teachers implementing STEAM activities in classrooms or not? Why?
As a student, what is your role in the classroom and lessons?

Who do you think has the power to develop curriculums and implement new teaching
methods in classrooms?

How can STEAM education benefit your learning for the future?
Can STEAM education help you find better jobs in the future?
Is STEAM education efficient for creating new teaching techniques and methods?

Is STEAM education a new and modern way of teaching?

. Have you ever been involved in STEAM or STEM activities outside of school? If yes, what

was it?
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