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Abstract: Recent years have witnessed significant growth of interest in science-art

integration in schools as an approach to creative teaching and learning. This con-
ceptual turn in education implies profound institutional and philosophical changes.
Central to this turn has been the development of Science, Technology, Engineering,
Arts, Math (STEAM) education. In this article, we detail a progression from an
existing model of pedagogical principles and educational objectives in science
education within a global STEAM education environment, Global Science Opera,
towards shared pedagogical principles and educational objectives in both science
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and arts education within that same environment. In this work, we rely on

a transdisciplinary approach towards the integrated disciplines and the educators
who teach them. We outline the need for the new, integrated approach to be
validated in other, empirical, contexts in order to establish its capacity in the field of
creativity in education, and specifically in global STEAM environments in order to
ensure its relevance to teaching and learning of a kind which strengthen students’
knowledge, abilities and democratic and inclusive values. We propose the Janus
metaphor for the new approach as it represents the possibility of having a double
perspective of a single focus of attention. We conclude by pointing at limitations of
discipline integration in which pedagogical principles in science education are not in
harmony with the pedagogical principles in arts education.

Subjects: Theory of Education; Classroom Practice; Curriculum Studies

Keywords: transdisciplinarity; science-art; integration; global science opera; Janus;
students

1. Introduction

Recent years have witnessed significant growth of interest in science-art integration in schools as
an approach to creative and engaging teaching and learning. This conceptual turn in education
implies profound institutional and philosophical changes for schools which choose to embrace the
integration of disciplines (Colucci-Gray et al., 2017; Marshall, 2014). Central to this turn has been
the development of Science, Technology, Engineering, Arts, Math (STEAM) education (Yakman,
2008). Based on, and building further upon, Science, Technology, Engineering and Math (STEM)
education, STEAM is a framework for integration of the Arts with the STEM disciplines in educa-
tional settings (ibid). Though STEAM education has achieved popularity in recent decades, it is still
a hybrid concept, and its underpinning ideas and pedagogies need to be more clearly stated
(Colucci-Gray et al., 2017). Therefore, while aiming to cover various educational practices, STEAM
education as a concept still lacks clarity (ibid). A main issue which requires clarification is what the
“STEM to STEAM agenda” (ibid, pg. 7) implies with regard to inter-relations between the integrated
disciplines. Specifically, it is important to address the question of whether STEAM educational
contexts imply interdisciplinary or transdisciplinary relations® between disciplines (Klein, 2006).
In interdisciplinarity, discipline integration typically serves the study of an overarching theme,
problem or ideaq, yet that integration is not the main goal of the educational process (ibid).
Transdisciplinarity represents the greatest degree of integration, in which divisions and differences
between disciplines become unclear, and in which discipline integration constitutes a goal in itself
(Klein, 2006). In transdisciplinarity, connections between disciplines are magnified, leading to new
educational designs in  which learners themselves initiate learning collaboratively.
Transdisciplinarity is understood as having potential to solve problems for which creative working
methods, stakeholder involvement, and socially responsible science are required.?

In this article, we aim to provide a renewed rationale for STEAM education by taking a step
beyond what we understand as the current state of the art in science-art integration, in the form
of a conceptual model of transdisciplinarity in STEAM education. We approach this by simulta-
neously detailing pedagogic principles and educational objectives in both science and® the arts,
within a single STEAM education environment, Global Science Opera (GSO) (Global Science Opera,
2016). This effort is based on our own experiences and participation in several science-art integra-
tion initiatives,* some of which had science education goals as their main focus, while others
turned to science as inspiration for arts education activities.

Global Science Opera (GSO) is the first opera initiative in history to produce and perform
educational operas as a global community. It is a network of scientists, art institutions, schools,
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universities, and projects, in all of the inhabited continents. GSO exists at the meeting point of
science and art, of students and scientists, of all human cultures, of research and practice. The GSO
produces annual Global Science Opera productions during which a global community explores
interwoven science, art and technology within a creative and democratic inquiry process (Ben-
Horin, 2014q; Global Science Opera, 2016; Sotiriou et al., 2021; Straksiene et al., 2022; Urbaniak
et al.,, 2021). GSO is situated and implemented in the context of global STEAM education, as one of
several international STEAM initiatives (Chappell et al., 2019). It has roots in creative education
research and development initiatives of the European Commission (Ben-Horin, 2014aq; Sotiriou
et al, 2021) and the European Economic Area (Sousa et al., 2016). Examples of scientific themes
which have provided inspiration for GSO productions are gravity, the creative human mind, energy,
marine life and sustainability, eco-system restoration, and the exploration of space made possible
by the James Webb Space Telescope. While always directly relating to the opera’s scientific theme
and main story-line, teachers and students at each GSO location exercise freedom with regard to
how they wish to implement and design their unique opera scenes. The following exemplifies how
GSO may function in a specific location: during the preparations of the space-inspired opera
“Unfold the Universe”, a Norwegian primary school collaborated with an American rap artist and
music educator in order to develop a rap music contribution to the opera. Both teachers and
students took part in the performance of this music, which was then shared with all other GSO
teams, worldwide during the opera’s premier on November 20", World Children’s Day.

GSO was described as a signature pedagogy by Straksiene et al. (2022). Signature pedagogies
according to Shulman (2005) are “types of teaching that organize the fundamental ways in which
future practitioners are educated for their new professions” (p. 52). The aim of our analysis and
discussion is to explore to what extent it is possible to argue for a common and shared rationale, as
well as a shared basis of educational design principles, for both science and arts education within
that same signature pedagogy, and what that might imply for its educational design. Signature
pedagogies are used in professional education as they contribute to formation of complex profes-
sional knowledge, skills, and moral understandings (Shulman, 2005). Contextualizing our analysis
and discussion in the signature pedagogy supports an argument for the approach we present in this
article, as a new rationale for STEAM education. To achieve this, we begin by detailing the educa-
tional design (Akkerman et al.,, 2011) of an already established approach to conceptualizing peda-
gogic principles and educational objectives which originated in a science education context (Sotiriou,
2013; Sotiriou et al., 2017). Then, we rely on the notion of comparative didactology (Nielsen, 2005),
which provides a way of understanding didactics of teaching across disciplinary boundaries, to
support our venture into arts education. Specifically, we rely on arts education literature (Dewey,
1934; Eisner, 2002; Winner et al., 2013) in order to formulate arts education pedagogic principles and
educational objectives based on the original science education ones. These are developed within the
same STEAM education environment, GSO. Finally, in order to ensure a two-way dialogue between
the disciplines, we further develop the original science education pedagogic principles and educa-
tional objectives as a response to the ones we developed in arts education.

We thus observe, study, understand and further develop the various disciplines through each
other’s viewpoints. This is congruent with the concept of Janus (DiLorenzo, 2001; Taylor, 2000).
Descriptions of the two-headed Janus specify the looking in two directions at once, as Janus’s main
characteristic. Indeed, Janus has been referred to as a literary allusion in which one text, “glancing”
at another, directs the reader to two texts simultaneously (DiLorenzo, 2001). Janus has also been
referred to as a differentiation based on a perspective of time, in which one face is looking to the
future, the other to the past (Taylor, 2000). For us, Janus is a way of explaining the common
dimensions of science and arts education, with mutual entry points to both, in a double perspective
equilibrium (Klein, 2006), enabling multiple perspectives on the same focus of attention. Our
discussion focuses on potential implications that this conceptual approach may have for the teach-
ing profession in the context of STEAM education, and transdisciplinary education more generally.
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2. Science education pedagogic principles and objectives

Science education requires development of a range of interests, attitudes, knowledge, and compe-
tencies (Sotiriou et al., 2017). Learning “facts” or how to design simple experiments do not suffice. In
order to capture the multifaceted nature of science learning, several European science education
projects, such as the Cosmos (2008), provided approaches for design and implementation of STEM
activities which involve students in research and innovation processes, and articulated scientific
capabilities which require support from both the school and informal learning environments outside
of the school (Sotiriou, 2013). These provided an important foundation for the development of
several STEAM education projects which the authors led (or participated in), in recent years.”

The “Global Science Opera Leverage students’ participation and engagement in science through
art practices” (GSO4SCHOOL) project (Robberstad et al., 2019; Sotiriou et al.,, 2021) was instru-
mental for our development of the transdisciplinary model described in this article. That project
implemented educational activities across boundaries of science and arts within the context of the
GSO, in a design

thinking framework® (Design Council, 2023). It achieved this by promoting cross-sectoral colla-
boration (teachers, students, young researchers, artists, creative industries) and professional
development for (mainly European) GSO-active teachers (Sotiriou et al., 2021). GSO4SCHOOL'’s
framework promoted acquisition of 21st century skills (including social and emotional intelligence
skills, teamwork, critical thinking, creativity, soft skills and entrepreneurial skills) (OECD, 2015),
science (analytical thinking, inquiry-based learning) and culture and the arts (performing arts of
the disciplines music, drama, visual arts). Aiming for a shift in national policies in schools in the
project countries (Norway, Cyprus, Greece, Portugal, Italy), GSO4SCHOOL worked on the following
levels of the educational world (Robberstad et al., 2019; Sotiriou et al., 2021): school level, class-
room level, the teacher’s level, and the student’s level. It was thus an empirical field in which the
GSO signature pedagogy was implemented and further developed.

In this article, we take the six pedagogic principles and educational objectives used in the
GSO4SCHOOL project, as a starting point for our work (Sotiriou et al., 2019).” These six strands of
pedagogic principles and educational objectives, describe what students do when they learn
science, reflecting the practical as well as the more abstract, conceptual, and reflective aspects
of science learning. The six strands also represent important outcomes of science learning
(Sotiriou, 2013). They encompass the knowledge, skills, attitudes, and habits of mind demon-
strated by learners proficient in science, and, as such, are important resources for guiding the
design and development of educational activities for schools. The educational activities in which
the principles and objectives were contextualized, were inquiry-based (Dewey, 1938; Rocard, 2007).
Specifically, these inquiry-based approaches guided students through a series of phases of® the
creation of a science opera (Ben-Horin, 2014b). We now expand in detail each of the six science
education pedagogic principles and, in parentheses, the educational objectives.’

(1) Sparking Interest and Excitement (Experiencing excitement, interest, and motivation to
learn about phenomena in the natural and physical world).

Motivation, curiosity, and a willingness to persevere during exploration of complex scientific
concepts and procedures are important aspects of learning science. The emotional engagement
involved with students’ interest is central in thinking and learning, and in retaining and remember-
ing information (OECD, 2015). Indeed, they are drivers of students’ seeking out learning about
a topic (Biesta & Burbules, 2003; Dewey, 1938).

(2) Understanding Scientific Content and Knowledge (Generating, understanding, remembering,
and using concepts, explanations, arguments, models, and facts related to science).
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Students generate, understand, remember, and use concepts, explanations, arguments, models,
and facts related to science. They know, use, and interpret scientific explanations of the natural
and physical world, understand interrelations between scientific concepts, and use them to build
and critique scientific arguments. These tendencies rely on an ability to use the scientific knowl-
edge in one’s own life (Dewey, 1934).

(3) Engaging in Scientific Reasoning (Manipulating, testing, exploring, predicting, questioning,
observing, analysing, and making sense of the natural and physical world).

Reasoning about evidence is required in order for students to be able to design and analyze
investigations. This includes evaluating, constructing and defending arguments, based on evidence
in both formal and informal environments. Students thus manipulate, test, explore, predict, ques-
tion, observe, and make sense of the natural and physical world and, consequently, begin to
develop a deeper understanding of the world.

(4) Reflecting on Science (Reflecting on science as a way of knowing, including the processes,
concepts and institutions of science. It also involves reflection on the learner’s own process of
understanding natural phenomena and the scientific explanations for them).

Science is a dynamic process, based on continuous evaluation of new evidence and reassessing
past ideas. Students reflect on science as a way of knowing; on processes, concepts, and institu-
tions of science; and on their own process of learning about natural phenomena. They need
opportunities to learn about how scientific knowledge is constructed and how scientific work
occurs: carrying out scientific investigations does not in and of itself automatically lead to an
understanding of the nature of science. Instead, educational experiences must support that
understanding explicitly (Biesta & Burbules, 2003; Dewey, 1934).

(5) Using the Tools and Language of Science (Participation in scientific activities and learning
practices with others, using scientific language and tools).

Science is a social process, in which scientists with different areas of expertise collaborate to reach
new insights. Participation in informal environments can help non- scientists develop appreciation
for how scientists work together, and of the language and tools they use. By engaging in scientific
activities, students acquire an understanding of the language of scientists and gain entry into the
scientific community’s culture.

(6) Identifying with the Scientific Enterprise (Coming to think of oneself as a science learner
and developing an identity as someone who knows about, uses, and sometimes contributes to
science).

Through experiences in relevant educational programs, students may start to change the way they
perceive themselves with regard to their relationships to science. They think about themselves as
science learners and develop identities as persons who know about, use, and sometimes con-
tribute to science. When this transformation occurs, young people may begin to think seriously
about a career in scientific research. Indeed, changing individual perspectives about science is
a far- reaching goal of outreach and educational activities of the major research infrastructures.

Figure 1 summarizes the proposed pedagogical principles and educational objectives for Science
Education.

3. Arts education pedagogic principles and objectives

Arts education, like science education, requires development of various interests, attitudes, knowl-
edge, and competences. Eisner (2002) specified the following amongst the main aims of arts
education: the arts have value in and of themselves; arts education should instill pride in that
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Figure 1. Science education
pedagogic principles and edu-
cational objectives in a STEAM
context (based on Sotiriou,
2013).

Science education

Educational Objectives

Experiencing excitement, interest, and motivation to learn about phenomena Sparking interest
in the natural and physical world and excitement

- b : o N Understanding
Generating, understanding, remembering, and using concepts, explanations, e CHIFiE contant

arguments, models, and facts related to science. and knowledge

Manipulating, testing, exploring, predicting, questioning, observing, analysing, Engaging in
and making sense of the natural and physical world scientific reasoning

Pedagogic

Reflecting on science as a way of knowing, including the processes, concepts and institutions Reflectin P rin CI pleS
of science. It also invol flection on the learner’s own process of understanding natural 9

phenomena and the scientific explanations for them. on Science

Participation in scientific activities and learning practices with others, Using the tools and
using scientific language and tools. language of science

Coming to think of oneself as a science learner and developing an identity as someone |dtz"tgv!n9t¥i'h
. . : e Scientific
who knows about, uses, and sometimes contributes to science. Enterprise

which is distinctive about the arts; arts education should help students learn how to create
satisfying artistic outcomes,'® how to see and respond to what we call arts, and how to under-
stand relationships among the arts, as well as the roles they play in a society’s culture; arts
education should help students recognize what is personal and unique about themselves and
the subtleties of their work; arts education should enable students to recognize and appreciate
aesthetic forms of experience in everyday life and to cultivate habits of searching for and identify-
ing aesthetic features in their surroundings (ibid, pg. 42-45). Indeed, students’ intrinsic satisfaction
and motivation during arts education depends on the artworks they create being part of their
“everyday” lives! (Dewey, 1934, pg. 7-8). To achieve this, initiative for the educational transaction
must be taken by the pupil (Dewey, 2012), thereby ensuring that education happens through
experience and continuous interaction with his surroundings (Dewey, 1938).

In their report for the OECD, Winner et al. (2013) described arts education as: a means of
developing critical and creative thinking; having the capacity to develop skills that enhance
performance in other subjects (e.g. mathematics, science, reading and writing); potentially
strengthening academic motivation, self-confidence, and ability to communicate and cooperate
effectively; likely promoting reflection and metacognition when taught in environments which
include students’ evaluation of their own and peers’ artworks, and reflection upon their processes
of creating those works. Students enrolled in arts education courses display more ambition
towards academic work and higher commitment and motivation levels; enhanced empathy,
perspective taking, and emotion regulation (especially in education in dramatic art).!? These
tendencies would be consistent with arts education’s leading to heightened student motivation
(ibid).

In this section, we rely on texts by Eisner (2002), Dewey (1934, 1938, 2012) and Winner et al.
(2013), as well as on our own experiences with STEAM education initiatives whose goals were first
and foremost in the area of arts education,* to provide a rationale for arts education pedagogic
principles and educational objectives in the STEAM education context. Our approach is rooted in
a thinking we describe as comparative didactology, coined by Nielsen (2005). Didactology (Nielsen,
2005) serves as a scientific discipline in education in much the same way as musicology is under-
stood as the scientific discipline in music. By describing and reflecting on art and science within

Page 6 of 16



Ben-Horin et al., Cogent Education (2023), 10: 2287895 O;K': Cogent P education

https://doi.org/10.1080/2331186X.2023.2287895

a tradition of comparative didactology (ibid), we are focusing on the rationale, objectives and
educational principles underpinning science-art integration in schools.

We now introduce six pedagogic principles and objectives within arts education in a STEAM
context. These are based on arts education sources (Dewey, 1934, 1938, 2012; Eisner, 2002;
Winner et al., 2013), and, in accordance with comparative didactology, are inspired by the science
education pedagogic principles and objectives described in section 2.

(1) Sparking interest and excitement (To experience excitement, interest and motivation to
learn about artistic environments and artistic expression). Motivation in education relies on
students’ own intrinsic satisfaction (Dewey, 1934), in all disciplines, including arts education, and
arts education can strengthen motivation in other disciplines (Winner et al., 2013). Learning about
artistic environments is important in and of itself, beyond the arts’ contributions in other disciplines
(ibid; Eisner, 2002).

(2) Facilitating understanding through and of artistic expression and knowledge (To generate
artistic understanding by taking part in creative artistic processes, using concepts, explana-
tions, arguments, models, works and facts related to the arts).

In the development of an arts education principle and objective, we have chosen to focus on the
facilitation of understanding as being intertwined with artistic practices (Borgdorff, 2012). The arts
education objective specifies how, and by which means, understanding is generated by the
student. (The facts specified are related to the arts, for the sake of clarity in our conceptual
discussion. A STEAM environment must, however, include facts about all related disciplines as an
objective for arts education).

(3) Engaging in artistic reasoning and production (To explore, question, imagine, improvise,
create, rehearse, observe, analyse and make sense of artistic processes and works.)

Artistic reasoning resonates with, and is detailed in, the rationale elements presented above
(Eisner, 2002). However, the arts education objective deviates from the science education objective
in its ways of making sense, and of what is being made sense of (namely, the artistic processes
and the artistic works which represent the tangible end results of those processes).

(4) Reflecting on the particulars, effects and importance of the arts (To reflect on the arts as
ways of knowing about the world, others and oneself, including the processes, concepts and
institutions of the arts.)

The process undergone by students is specified as relating to, and effecting, their experience
(Dewey, 1934). This acknowledges a process undergone by students as one which involves “think-
ing in, through, and with art” (Borgdorff, 2012, pg. 143).

(5) Using and reflecting on the tools and languages of the arts (Using and reflecting on the
language of the arts while participating in artistic activities by oneself and with others.)

The pedagogic principle resonates with a rationale for arts education, but we choose to pluralize
languages, to accommodate for the unique characters and creativities (Burnard, 2012) at the core
of different artistic practices. We perceive reflection to be an important element in the arts
education pedagogical principle, as well as in the objective for the student’s educational process
(Eisner, 2002).

(6) Developing an identity through the arts (Developing as an arts learner with an artistic habit
of mind and action, and identifying with the arts as a rationale for human expression and

sustainability.)
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Figure 2. Arts education peda-
gogic principles and educa-
tional objectives in a STEAM
context.

Arts education

Educational Objectives
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the arts’ activities and identifying with the arts as a rationale for human expression and sustainability.
and understanding

While the science education objective is formulated in a way that can be directly appropriated for
the arts, we omit the word “sometimes” in recognition of Dewey’s (1934) concept of experience in
education, something which is available for all, as a continuous and necessary element in
a creative educational process. The pedagogical principle has been changed. Namely, the identi-
fication relates to one’s own identity, rather than with an overall enterprise.

Figure 2 summarizes the proposed pedagogical principles and educational objectives for Arts
education

4. The transdisciplinary “Janus” approach for integrated science-arts practices in
education

The GSO signature pedagogy focuses on integration of arts and science in education. Integration,
though, may be realized in a wide array of approaches, including those in which one discipline is
conceived of as being in the service of another. In this article, we aim to provide grounds for the
balancing of arts education and science education by allowing them to exist in equilibrium (Klein,
2006). Bresler (2002) describes this as a “co-equal” integration of disciplines (pg. 21), which we
understand as being congruent with a notion of transdisciplinarity as the greatest degree of
integration, in which discipline integration is itself the purpose (Ben-Horin, 2021; Klein, 2006).
This, in turn, relies on understandings and goals beyond those confined to any single discipline
being achieved. Indeed, social and innovative processes in an educational practice which trans-
cends all five STEAM disciplines have been conceptualized and implemented by Liao (2016), who
proposed the specification of conceptual spaces between and across all five disciplines, as well as
beyond all disciplines. However, Liao (ibid) stops short of detailing pedagogic principles and
educational objectives for the various disciplines which are part of her practice, something which
we provide grounds for in this article. Also, while Liao (ibid) acknowledges transdisciplinarity’s
global dimension as an opportunity, she does not provide details about how STEAM practices could
be implemented globally. During our work with GSO (2014-present) we have harnessed transdisci-
plinarity’s global dimension. It is this global dimension which represents the understandings and
goals which lie beyond the confines of any single discipline, and which makes the need for
a combined transdisciplinary model and approach so pertinent for us as educators.
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Figure 3. Combined Janus
approach to pedagogic princi-
ples and educational objectives
in arts and science education.

Science education Transdisciplinarity Arts education

Educational Objectives Pedagogic Principles Educational Objectives

To experience excitement, interest and motivation to leam about artistic.

To experience ex: -am about sci
environments and phenomena in the natural and physical world.

ding by taking part in creative science education proces:
rguments, models, and facts related to scien

Toref way 3 To reflect on the arts as ways of knowing about the world,
including the processes, concepts and institutions of science. ans n including the processes, concepts and inst

To participate in ities and leaming practices by oneself and with others,
ifi and tool

To develop s a scier h a scientific habit of mind and identify Developing as an arts learner with
with science as a rati anity and sustainability. and identifying with the arts as a rationale for hi

Science and the arts differ in many ways, though many of their inter-relationships have been
described in detail by Ben-Horin (2015), Strosberg (2015) and Garoian and Mathews (1996). Some
examples of such inter-relationships are their mutual reliance on idea generation; artworks which
have scientific value; scientific phenomena which can be understood as having artistic value;
persons who worked across the boundaries of science and art; collaborations between scientists
and artists; themes (such as nature, light, astronomy) which have provided inspiration for scientific
and artistic work (Strosberg, 2015). In the world of education, too, the integration of sciences and
the arts displays similarities between them. But it also reveals tensions and differences (Colucci-
Gray et al,, 2017). This paradox leads us to the metaphor of the two-faced Janus approach: the
Janus faces allow for difference while both faces are equally important parts of the whole. This
provides inspiration for how various disciplines may co-exist in a single, unified understanding of
knowledge (Dewey, 2012) in a STEAM education environment. In Figure 3, we demonstrate
integration of the science and arts disciplines following the Janus approach by describing the
transdisciplinary process in which the original science education principles and objectives (Sotiriou,
2013; Sotiriou et al., 2019), are now further developed as a consequence of the newly developed
arts education ones. Figure 3 is followed by reasonings for why the pedagogic principles and
educational objectives were formulated as they were. Those reasonings (1-6) correspond to the six
strands of pedagogic principles and educational objectives as they are presented in Figure 3.1

Reasoning for strand 1: The principle “sparking interest and excitement” has a twofold function in
both disciplines; first by being used to elicit students’ curiosity and wonder, and second as illustra-
tions of the scientific and artistic themes which provide the focus of experience and learning during
each unique implementation of STEAM educational environments. In the arts, sparking interest and
excitement is also a vital part of the artistic expression. Reasoning for strand 2: In both disciplines,
activation and experience is crucial for the creation of understanding. Students’ processes and their
active thinking of and manipulation of artefacts and cultural objects may differ in line with specific
assignments given. Likewise in science, students’ processes and active thinking may differ in line
with the concepts, explanations, arguments, models, and facts which provide the focus of specific
assignments given. Indeed, in many cases artefacts, both cultural and physical, can be approached
scientifically as well as artistically. Reasoning for strand 3: In contrast to science, the arts are often
associated with feeling. This dualistic myth often conceals the fact that different forms of reasoning,
artistic and scientific, are natural ingredients of a transdisciplinary science-arts pedagogy. Still, the
arts have a special role in education with regard to the expression of feeling. Reasoning for strand 4:
Reflection is a vital part of all educational processes. However, there are different forms of reflection.
It is common to think of reflection as being verbal, but it can also be (as examples) musical, tactile or
pictorial. Reasoning for strand 5: These objectives are closely linked to activation and reasoning in
both disciplines, but the use of tools and language are very different in the arts and science worlds.
However, used as part of a Janus pedagogy, that use will strengthen any educational enterprise.
Reasoning for strand 6: We can form and have different identities in different contexts and times
(Phinney & Baldelomar, 2011). A major intention of a transdisciplinary science-art pedagogy should
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therefore be to enhance not one, but multiple types of identities. A student may therefore simulta-
neously identify with science and with the arts, as rationales for experiencing and understanding the
world.

5. Discussion

We are framing our discussion in three main themes: (1) the teachers’ roles in the transdisciplinary
STEAM education context, (2) knowledge creation across disciplinary boundaries, and (3) student
identities in the transdisciplinary STEAM education context.

5.1. Teachers’ roles in the transdisciplinary STEAM education context

The common origins of science and the arts support the notion that it is possible to spark students’
interest in both disciplines at the same time. Both originated from rituals of everyday lives (Garoian
& Mathews, 1996, pg. 193). The impulses to explore, imagine, be curious, be creative, understand,
innovate, and express ourselves are common to both (Garoian & Mathews, 1996), and multiple
examples exist of artworks which are also scientific instruments (Strosberg, 2015, pg. 235).
Simultaneous onset of inquiry in the arts and science will, however, have consequences for roles
of teachers and students in the educational process (Klein, 2006). The Janus approach thus raises
questions about how paradigms of science and the arts in education affect each other on an
epistemological level, as it will require reconceptualizing teachers as “generalists” or “connection
experts” in addition to their specializations in one or more disciplines (Clarke and Agne, in Klein,
2006, pg. 7). While traditional schooling inducts students into disciplinary forms yet rarely allows
students to experience connections between them (Colucci-Gray et al., 2017, pg. 35), the Janus
approach offers a pedagogy of integration (Bresler, 2002) and synthesis (Klein, 2006). As
a consequence, it will also create teaching situations in which teachers must relinquish at least
partial control over their own expertise and knowledge (Ben-Horin et al,, 2017; Biesta, 2015;
Holdhus et al., 2016), to their colleagues in other disciplines, students, and to society at large.

5.2. Knowledge creation across disciplinary boundaries

Traditional STEM education has been described as harboring a western, rationalistic tradition
of knowing, and been critiqued for being exclusive of other ways of knowing (Colucci-Gray
et al, 2017, pg. 23). Scientific language is often perceived as being limited to discursive,
mathematical forms, while the arts’ languages are non-discursive and characterized by
having sensory forms (Garoian & Mathews, 1996, pg. 194). The Janus approach contributes
to exploration of languages’ functioning across disciplinary lines, facilitating a framework for
knowledge creation characterized by dynamic responsiveness to real-life conditions in which
that knowledge is created (Colucci-Gray et al.,, 2017; Sotiriou et al., 2019), by transcending
disciplines. In this process, the arts offer particular pathways to articulation and processing of
experience® (Dewey, 1934), which can support a desirable change in perceptions of STEM
under® condition that the arts and STEM are on equal footing (Bresler, 2002). The use of an
art form as a “tool” in the “service of” another discipline should not be the goal in STEAM
(Ben-Horin, 2021; Bresler, 2002; Mejias et al., 2021). Likewise, simply using a scientific fact as
inspiration for an arts class does not suffice without action being taken to ensure a process of
knowledge creation across the disciplinary boundaries, in which the different disciplines open
gateways to each other. Thus, our provision of a set of combined, closely related pedagogic
principles and educational objectives provides a much-needed conceptual framework which
can benefit the epistemological and practical dimensions of the emerging field of STEAM
education. A particular case of this, GSO enables teachers’ and students’ approaching and
handling of “wicked problems” (Rittel & Webber, 1973) and uncertain environments which
require both a global dimension of practice!’ (Ben-Horin, 2021), and that disciplines be
transcended for the sake of a new vision of nature and reality (Bernstein, 2015). Seamless
interaction with the practice field of schools (Kunnskapsdepartementet, 2014), and methods
of research and practice

Page 10 of 16



Ben-Horin et al., Cogent Education (2023), 10: 2287895 .;K': Cogent Py education
https://doi.org/10.1080/2331186X.2023.2287895

Involving all societal stakeholders (McKenney & Reeves, 2012; Sotiriou et al,, 2017), are
needed to achieve this. Students and teachers in GSO co-create knowledge and content with
their peers in other schools, age groups, countries and cultural traditions. This requires
employers, arts and science practitioners, teachers, educators and academics to communi-
cate together and continuously exchange ideas about their respective work (Colucci-Gray
et al,, 2017, pg. 12). Students’ reasoning is thus done across several kinds of boundaries
simultaneously in GSO, and the Janus approach provides understanding of how pedagogic
principles and educational objectives may co- exist and influence each other. While we have
argued for similarities and common impulses of science and the arts, their physical products
do generally differentiate in form, material and emotional interaction with their audiences
(Garoian & Mathews, 1996). Enacting the educational process across that divide is neither
easy nor straight-forward (Ben-Horin et al., 2017), and requires simultaneous reasoning
within the terminologies, languages, tools and materials of more than one discipline. Each
student must, in addition to group-related processes, engage in his own subjective reasoning
to successfully participate in the Janus approach.

5.3. Student identities in the transdisciplinary STEAM education context

Multiple identities can be formed in different contexts and times (Phinney & Baldelomar,
2011). A transdisciplinary science-art pedagogy of synthesis can enable students’ and tea-
chers’ formation of multiple types of identities. First, through their identification with both
science and the arts, while adhering to distinct processes and products of each discipline.
Such identification is not an easy task as it requires each student to find her own pathway to
observing and implementing common ideas across the disciplinary boundaries. However,
empirical studies have shown that, while challenging for both students and teachers, parti-
cipating students found their unique ways of achieving this when provided with flexible
frameworks by their teachers with regard to scheduling and choice of specific tasks in the
opera production (Ben-Horin et al., 2017). Second, as academic “achievers” in the STEM and
arts disciplines themselves. Achievement levels in STEM education may vary for different
populations. Under-representation in STEM (with regard to both achievement in schools and
career choices) as a consequence of gender or socio-economic status has been documented
by Rocard (2007) who called for reconsideration of STEM content as a response to these
challenges. Integrating educational practices more common in arts education, has potential
to motivate participation of students who tend to favor the arts and humanities rather than
STEM (Colucci-Gray et al., 2017; Craft et al.,, 2016). Furthermore, teachers have reported
students’ greater capability to retain information (Ben-Horin et al,, 2017), and a stronger
capability of synthesizing learning into a meaningful whole as a result of inter-connectedness
of disciplines (Klein, 2006). Third, STEAM education’s capacity to support broader educative
agendas such as the strengthening of students’ sense of empowerment (Colucci-Gray et al.,
2017) is evident in the distinct student-teacher relations which arise during the improvisa-
tional aspects of working across disciplines (Ben-Horin & Boylan, 2016), and the development
of students’ identities as co-creators of the emergent curriculum. Empowerment is also
evident in the formation of identities of groups of students following participation in GSO
and those students’ experiences with being part of the global community it is constituted of
(Urbaniak, Venkatesh, and Ben-Horin, 2021). Fourth, identifying with a global dimension of
other cultures and countries. Thus, the Janus approach enables development of identities in
several areas of what it means to be human, and a rationale for sustainability. Extending
students’ collaborative identities in the social, intellectual, and emotional domains to become
global learners and creators of knowledge across disciplinary boundaries provides them with
the tools and credo for taking responsibility (Stilgoe et al., 2013) for their learning process,
their peers, and their surroundings.

6. Conclusion
In this article, we conceptualized a combined set of pedagogic principles and educational

objectives in both science and arts education within a STEAM education environment. That
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environment was the signature pedagogy Global Science Opera. We based this process of
conceptualization on our own previous work with the development, implementation and
research realized in the context of a portfolio of STEAM projects. We thus applied nuanced
knowledge to our development of arts education pedagogic principles and educational objec-
tives based on previously existing ones in the field of science education. We then revised the
original science education principles and objectives in dialogue with the newly formulated
ones in arts education. Our process was designed to ensure dialogic interaction between the
disciplines’ practitioners, thus achieving an equilibrium in which no discipline exercises power
over the other (Mejias et al., 2021). Rather, our approach allows practitioners and school
pupils to (metaphorically) see each discipline through the other, thus inspiring us to char-
acterize the resulting conceptual model as a Janus (DiLorenzo, 2001; Taylor, 2000).

The European Commission has in recent years established numerous educational initiatives
which have the crossing of disciplinary boundaries as their focal point. These initiatives have
emerged within science, math, arts, creativity and general education, among others.
Teachers’ involvement in STEAM programs (Craft et al, 2016; Robberstad et al, 2019;
Sotiriou et al., 2019) may be taxing and resource-intensive. However, participation seems to
enable several opportunities and advantages for those teachers and their students (Ben-
Horin, 2021; Ben-Horin et al., 2017; Robberstad et al., 2019; Sotiriou et al., 2019). These
include possibilities for exchanging practices with peers in other countries; training for
education which crosses disciplinary boundaries together with those peers; familiarization
with other countries’ curricula and educational structures; a deeper understanding of differ-
ent cultures. Furthermore, participating students become recipients of up-to-date knowledge
in the international field, as well as active contributors to the emergence of new knowledge
in that field.

An integration pedagogy must be practiced in ways that ensure that objectives of all
disciplines are being met with equal levels of respect (Bresler, 2002). A transdisciplinary
approach therefore requires attentiveness to discipline-specific arguments as a prerequisite
for engagements across disciplinary boundaries (Barad, 2007). Those engagements entail
a reworking of disciplinary boundaries and, therefore, change for the involved teachers and
students, as well as for the pedagogical principles and objectives which are implemented by
teachers of those disciplines. We have exemplified this with a comparative didactology
(Nielsen, 2005) in which arts education principles and objectives were developed by first
relying on previously-existing science education principles and objectives (Sotiriou, 2013;
Sotiriou et al., 2019), and then proposing revisions of the original science education principles
and objectives based on the newly-developed arts education ones. This two-stage process
was realized as such for the sake of a transdisciplinary educational environment which
embodies the crucial roles that the material, discursive, natural and cultural elements all
play in the creation of knowledge, regardless of discipline. These elements will always be in
continuous movement and development (Dewey, 1934). The pedagogic principles and educa-
tional objectives formulated in this article are consequently proposed with a sense of hum-
bleness regarding each and every student’s being able to, or indeed, needing to achieve them
all in every implementation of a STEAM educational environment.

While we have not provided an analysis of empirical material in this article, our credibility is
anchored in our practical experience with GSO and other STEAM environments; our previous
analyses of relevant empirical data in other contexts (Ben-Horin et al.,, 2017; Chappell et al.,
2019); and in our didactic training materials for teachers, all of which were tailor-made for
the practice field (Ben-Horin, 2014b; Robberstad et al., 2019; Sotiriou et al., 2019). Realizing
the proposed pedagogic principles, and reaching the proposed educational objectives in the
practice field, will require a detailed methodology of implementation. Hence, we recommend
that future empirical research be conducted on the interactions of the proposed
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Figure 4. Conceptual diagram.

transdisciplinary Janus approach and (a) Design Thinking methodology (Design Council, 2023),
and (b) Open Schooling (Sotiriou et al., 2017).

Our credibility is, furthermore, strengthened by the fact that we are well-rehearsed with
intentions for transdisciplinarity. Science education initiatives with which GSO interacts (e.g.
Open Schools for Open Societies (0SOS)) implements a transdisciplinary approach in the
balancing of teaching and educational objectives of all STEM disciplines. Similarly, the arts
education methodology Write an Opera (Griffiths, 2012), on which much of GSO’s approach to
art-making is based, integrates various arts education disciplines in a balanced way, allowing
for educational objectives to be achieved in music, drama, and visual arts simultaneously. The
Janus approach conceptualizes transdisciplinarity within a unified process across the bound-
aries of arts and science. We therefore encourage the educational community to employ the
Janus model as a way of achieving transdisciplinary educational environments which respect
the pedagogic principles and educational objectives of all disciplines involved in the STEAM
education environment.

The arguments we have provided do not in themselves guarantee a meaningful implemen-
tation of STEAM education in schools (McKenney & Reeves, 2012; Peirce, 1878). We are
cautious about the possibility of “guaranteeing and securing” transdisciplinarity.
Transdisciplinarity may ultimately function as an ideal towards which educational programs
may aim, while reaching its purest form is not guaranteed due to the complexity of anchoring
it in real-life programs which require financial, logistical, and other issues to be handled as
part of its implementation (Ben-Horin, 2021). Teachers need to continuously strive towards an
equilibrium between disciplines, which must be negotiated anew at each step of the educa-
tional process. Thus, our final conceptual diagram (Figure 4) has the figure of a bird as its
heart. The bird is a metaphor for GSO as a transdisciplinary environment. Singing, which many
birds do as a foundational element of their nature, is also a vital element in opera. Birds
embody movement during flight, and when they interact with their surroundings. As in the
risky transdisciplinary educational environment, we can never truly know how many, or
which, movements a bird will make: we cannot always foresee the direction of its flight.
Birds also exemplify a natural phenomenon which has provided inspiration for both art and
science (Strosberg, 2015), and which can elicit curiosity and wonder in educational settings.
The bird is thus a fitting focus for creative attention in a transdisciplinary environment which
must be kept in equilibrium by means of its practitioners’ exploring and experiencing science
as a gateway to the arts and vice versa.
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Notes
1.

The term “discipline” (from the latin disciplina) ori-
ginally indicated an educational setting and
instruction of disciples.

. The concept of transdisciplinarity emerged in the

1970’s, in critique of knowledge arranged in disci-
plines, including in relation to design and structure
of educational programs. Since then, transdiscipli-
narity has been applied to complex, global chal-
lenges (e.g. a changing climate, and social
problems and educational systems’ designs)
(Bernstein, 2015; Liao, 2016).

. Science education and STEM education overlap, yet

they are not entirely synonymous. The educational
literature contains examples of science education

as one of four STEM disciplines, as well as examples
of “science education” being invoked as an overall
representation for all STEM disciplines. Throughout
this article, we have used terms as they appeared
in the various literary sources on which we relied.

. The authors report that there are no competing

interests to declare.

. The authors have been active in several STEAM

initiatives which developed parallel to, shortly
after, or as a direct consequence of the GSO’s
establishment. Examples of these, whose goals
were first and foremost in the area of science

10.

11.

12.

13.

14.

- cogent - education

education, are Implementing Creative Strategies
Into Science Teaching (CREAT-IT) (Craft et al.,
2016); Creativity, Arts and Science in Primary
Education (CASE) (Sotiriou et al., 2019); Developing
an Engaging Science Classroom (CREATIONS)
(Chappell et al., 2019); The Global Science Opera
Leverage students’ participation and engagement
in science through art practices (GSO4SCHOOL)
(Robberstad et al., 2019; Sotiriou et al., 2021). The
various projects included different representatives
of the team of authors.

. Design Thinking (Design Council, 2023) is a design

methodology that provides a solution-based
approach to solving problems that are unknown,
re-framing those problem in human-centric ways
by generating ideas during brainstorming sessions,
and by hands-on approaches to prototyping and
testing of those prototypes. Design Thinking meth-
odology was employed and further developed by
the Open Schools for Open Societies (OSOS) project
and its corresponding Open Schooling Model
(Sotiriou et al.,, 2017). These were later integrated
in European STEAM projects (e.g. NEXT STEP, 2022;
Robberstad et al., 2019; Sotiriou et al., 2019) with
the aim of introducing innovative and entrepre-
neurial dimensions into the science and art disci-
plines in formal, informal and non-formal settings.
By following a didactic approach based on the
notion of “ideas become reality”, an understanding
of and contribution to the further development of
the educational setting’s “openness” was achieved
(Sotiriou et al., 2017).

. These strands build upon an earlier 4-strand

model, developed to describe science learning in
school setting (National Research Council, 2007,
which was extended to six to incorporate informal
science learning approaches in the model, and
specifically a commitment to interest, personal
growth, and sustained engagement (see for
example Lazoudis et al., 2013).

. These phases of an inquiry-based process were

originally developed by the Cosmos (2008):
Question Eliciting Activities/Exhibiting Curiosity;
Active Investigation; Creation; Discussion;
Reflection.

. See Sotiriou et al. (2019) and Lazoudis et al. (2013)

for further detail about these principles and
objectives.

Eisner's (2002) perspective emerged from the
visual arts. He thus specified satisfying visual
images as an aim for arts education. In this article,
however, we are working with the concept of arts
education in general, rather than with any single
art form. Eisner’s starting point in visual arts is thus
extended to support a more general rationale for
arts education.

Dewey (1934) critiqued the creation and collection
of artworks which are segregated from everyday
life (pg. 7-8) for their being “specimens of fine art
and nothing else” (ibid, pg. 8) rather than results of
an aesthetic process in experience.

Winner et al. (2013) specify for several of these
claims that they are highly likely, but still in need
of further research before being characterized as
confirmed.

Write a Science Opera (WASO) (Sousa et al., 2016)
and ART@CREATIONS (Western Norway University
of Applied Sciences, 2018).

Reasonings 1-6 correspond to the strands in a top-
down order. Reasoning 1 corresponds to the strand
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with the pedagogic principle “Sparking interest and
excitement”, etc.

15. A central feature of those pathways is the arts’
tradition of understanding the body as a location
of action-based knowledge formation (Colucci-Gray
et al,, 2017, pg. 38), and the body’s essential role in
our making sense of the world (Chappell et al.,
2016).

16. The different STEM disciplines may have different
relationships to art subjects in schools (Colucci-
Gray et al,, 2017, pg. 12).

17. Transdisciplinarity has been used to address so-
called “wicked problems” (Rittel & Webber, 1973),
which are ill-defined societal problems for which
traditional “solutions” do not exist. “wicked pro-
blems” are too large and complex to be compre-
hensively addressed by practitioners of any single
discipline, and approaching them requires a global
dimension characteristic of transdisciplinarity
(Bernstein, 2015). The “wicked problems” require
creative solutions, simultaneously examining them
from multiple angles. Those multiple angles, called
upon to explore solutions to the complex global
challenges in educational contexts, require corre-
sponding global practices, pedagogies, and meth-
ods to which they can relate, and in which they can
be implemented. GSO exemplifies a global context
in which learners and teachers in various locations
throughout the globe co-create knowledge
together, as a global community of stakeholders
regardless of nationality, age, salary, ethnicity, etc.
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