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Abstract

Thi s report constitutes deliverabl e Del i v

requi r e me Road-STEAMer projed. It concludes Task 2.3 in the second work
package (WP2) of the Road-STEAMer project. WP2 began with an examination of the
socioeconomic landscape and needs for STEAM education in Europe (task 2.1),
followed by the development of a conceptual framework for STEAM education (task
2.2). The current report marks the final step in WP2, analyzing the conditions and
requirements for effective integration of STEAM in education. It builds upon earlier
WP2 deliverables, D2.1 and D2.2, as well as D4.1 from WP4 which outlines criteria for
mapping and analyzing STEAM practices.

Overall, the present report offers a thorough examination of the practical
considerations and necessities for effectively implementing STEAM practices in
education. It views STEAM as an innovative approach to integrate into everyday
educational settings in Eur ope 6 s school s, addr essi

challenges, and opportunities. Key aspects explored in our study include curriculum
development, teacher training and professional development, and school management
and leadership, all crucial components of educational innovation that must be carefully
evaluated to outline essential conditions and requirements for integrating and

mainstreaming STEAM practices in education.

Our analysis draws from literature reviews, workshops, and questionnaire surveys,
combining the findings from the project background (deliverables D2.1, D2.2, D4.1)
with insights from academic and practitioner knowledge regarding educational change
and innovation introduction. Additionally, we consider the potential synergies between

STEAM and current trends and policy issues in European education.

Moving forward, this report will guide the next steps of Road-STEAMer toward
developing the STEAM roadmap for science education in Horizon Europe. One of the
guestionnaire surveys we deployed,the #AFi nal questionnair
further responses, aiming to enhance the project's understanding of the conditions and
requirements for STEAM education across a broader range of respondents and
European contexts. This additional input could significantly contribute to future project
deliverables, including D3.2 "Analysis of policy gaps for STEAM," D4.3 "Report on real-
life use-cases," as well as D5.1 and D5.2 "STEAM roadmap for science education in

Horizon Europe.”
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1. |l ntroducti on

1.1 About Road-STEAMer

The overall aim of the Road-STEAMer project is to develop a STEAM roadmap for
science education in Horizon Europe, i.e. a plan of action that will provide guidance to
EU's key funding programme for research and innovation on how to encourage more
interest in STEM through the use of artistic approaches, involving creative thinking and
applied arts (the AAO0O in OSTEAMG) .

The consortium aims to provide Europe with this roadmap, through:

Collaboration and co-creation with the stakeholder communities of science education,
research, innovation and creativity, through intensive exchange, dialogue and mutual
learning among them which will produce better knowledge and shared understandings

of the relevant opportunities, challenges and needs.

A bottom-up approach emphasi zing education
rather than high-level conceptualizations of STEAM and generic top-down plans (in

reality often just vague statements of intention) for its adoption in science education.

A specific focus on ways to leverage the power of STEAM approaches, as manifested
through exemplary cases and best practices, so as to enable a bridging of open
science and open schooling which can catalyse an increased impact for science
education as acruci al t ool for addressing Eur

challenges.
1.2 About this deliverable

This report is based on the work carried out in Task 2.3, within the second work
package (WP2) of the Road-STEAMer project. It constitutes the third and final step in
WP2, which aims to provide a rigid framework for the whole of Road-STEAMer,

through a comprehensive analysis of STEAM concepts, contexts, and conditions.

This includes an initial analysis of the wider socioeconomic context and needs for
STEAM education in Europe (task 2.1), which subsequently forms the background for
the development of a comprehensive conceptual framework for STEAM education

(task 2.2), covering its various aspects and potential. Finally, based on these
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contextual and conceptual foundations, WP2 aims to analyse the conditions and

requirements for effective introduction of STEAM in education.

The results of the work in the first-step

economic context and relevant B5eEANer {forst

version submitted in M6, and revised/expanded version submitted in M18). The second

wer

in the

step produced deliverable D2.2 AConceptual

first project year (M12). The present report constitutes the third and final deliverable of

ra

WP2, D2.3 fAiAnalysis of conditi onrigredhalfivayr e qui r e me

through the three-year project (M18). It is building on the previous deliverables of WP2,

D2.1 and D2. 2, as well as on deliverable DA4.

which the criteria for mapping and analysing STEAM practices are provided.

1.2.1 Summary of the background

Analysis of the socioeconomic context and needs for STEAM education in
Europe

The first element of the background to the present deliverable is the initial analysis of
the wider socioeconomic context and needs for STEAM education in Europe, which
was reported in deliverable D2.1. Based on extensive desk research including
literature reviews and secondary data analyses, which were followed by a co-creation
workshop with consortium members, that part of WP2 work produced a number of

important findings.

It indicated that STEAM participation and achievements are heavily impacted by the
f ami | y éesonomic condition as well as their educational and science capital,
while intersectional aspects such as gender and migration background add to the
under-representation of diverse groups. Thus, there is a need for widened sociocultural

participation and deconstruction of STEAM stereotypes. In addition, instead of looking

1

at the phenomenon from the f#fleaky pipelined p

peopledrop out , it was noted that there should

courseo placing the focus away from indiuvi

levels.

Further, it was concluded that in times of the COVID-19 epidemic and other complex
challenges the world is facing, like climate change and loss of biodiversity, there is not

only the need for more scientists but also for a more positive attitude and advanced
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understanding of science by society. It was noted that different mechanisms can
improve the attitude toward science and interest in science, such as diverse role
models changing the image of science, increased science communication, and

stakeholder involvement at schools linked to dealing with real-life, tangible problems.

From the industry side, too, it was noted that the demand for STEAM graduates is high
and is expected to increase in the future with digital skills playing a crucial role.
However, it i s not only fAtechnical lkvithl | so t ha

Asoft shkasihtéraultural sinderstanding.

Overall, the STEAM approach was found to be promising and necessary for
addressing current challenges, such as the need of increasing digital and scientific
literacy, the issue of inclusivity of women and minorities in scientific fields, and the
need to develop skills to face grand challenges such as global warming, health and
inequalities. Yet, it was pointed out that the available scientific knowledge is not
comprehensive enough to account for the multiplicity of factors that impact STEAM
effectiveness in addressing the above mentioned issues, in particular for (1)
disentangling the impact of the arts (integrated into STEM subjects or provided as
separate subjects) from the impact of open and collaborative teaching practices, and
(2) assessing the impact of contextual and moderating factors such as socio-economic
background, ethnicity, age, cultural context, media influence, and personal differences.
In other words, the results highlighted that more scientific studies are needed to test

precisely which approach works better for whom and when.

Deliverable D2.1 concluded with recommendations on overcoming some of the
identified challenges and fulfilling the needs for STEAM. Table 1 provides a structured
summary of those recommendations, classified according to categories of key

emerging societal needs and related benefits of the STEAM approach.

8
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Table 1: Recommendations based on the analysis of the socic-economic context and needs for STEAM

education (from D2.1)

Societal needs EEITIERS EENEES o Recommendations
STEM STEAM
-More research on STEAM
education effectiveness (Arts in
. addition and/or integrated with
-More emotional, TEM
appealing and fun S ) .
X - -Make science learning
by including arts . . o2
Value 6Af inclusive and appealing:
. teachers have STEAM easy-to-
. . way of enhancing .
-Science is ' use material
: self-confidence .
perceived as o -Communicate to schools and
o and facilitate the
1. More difficult development of teachers the values of the
scientists -Not all schools ersongl oninions STEAM approach
offer STEAM P 1al op -Expose students to science
. and critical
subjects thinking careers from the early years

-STEAM as a way
to break down
STEM
stereotypes

-Expose students to science
role models from primary years
-Value STEAM approach:
supporting young people to
bring these subjects together, a
holistic and subject integrative
view is necessary.

2.Alignment of
industry and

societal needs
with education

Provides only
technical skills
but
organisations
need workers
with soft skills
and intercultural
abilities

-Arts integrated in
STEM courses
promote
intercultural and
collaborative skills
-Real world
problems are
multidisciplinary
by default

-Open schools (and other real
world approaches)

-Data on industries and
organi sations®o
to support education policies
-Project-based collaborative
learning to develop soft skills
and inclusivity
-Multidisciplinary and
interdisciplinary projects
-Support entrepreneurship and
self-employment

3.More diversity
(gender, ethnic,

Science career
is perceived as
not in line with

-Arts subjects are
more appealing
and relatable for
diverse people

-Policy to affect structural
changes (inclusion, access,
diversity, é)
-Address gaps in abstract
thinking/maths from the primary
school years

-Replace the leaky pipeline
metaphor with epistemic justice
-Role models to redefine
identities and change culture
-Include families to change

Funded by the
European Union

agreement No. 101058405

socioeconomic, identity of -Diversity science stereotypes
etc.) women and improves -STEAM focused career
minorities organizational training
outcomes -More research on moderating
factors and career paths to
optimise polici
attitude, education and career
choices, engagement, parents'
STEM experience)
-Analyse the impact of national
differences in school systems
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Societal needs Barriers of Benefits of Recommendations
STEM STEAM

-Better connection between the
needs of the labour market and
lifelong learning

-Provide sufficient professional
development and training of
educational professionals
-STEAM as a way | - Develop digital literacies (note

to break down 6literaciesd in
Science is STEM beyond computer science
4. Increase perceived as stereotypes - Focus on societal challenges
science literacy | difficult or there | -Match hard and real problems to promote
for all is lack of topics with arts to | interest in science
awareness lower perceived -Integrate the need for scientific
barriers and thinking also in non-

increase interest scientific/arts topics

- Acknowledge the imbalance
of financial su
and how these issues could be
re-addressed in STEAM

- Promote positive attitudes
towards STEAM

Deliverable D2.1 was concluded with the apt note that, although the recommendations
above are listed according to categories with the purpose of providing a cognitively
efficient summary, the reality is complex and multi-faceted, with recommendations
being related to more than one challenge and often interacting. It is therefore
necessary, it was noted, that in the next steps of developing the Road-STEAMer
Roadmap the project should consider the interactions (both positive and negative)

between the recommendations and the identified societal needs in a systemic manner.

STEAM conceptual framework and criteria for analysing STEAM practices

The second element of the background to the present deliverable is the comprehensive
conceptual framework for STEAM that was presented in deliverable D2.2. Building
further on D2.1, through a systematic literature review of resources theorizing or
conceptualizing STEAM as well as a co-creation workshop with academics and
practitioners, this valuable work synthesised theoretical approaches linked to STEAM
practice in the literature in relation to the Road-STEAMer foci: a) using artistic
approaches involving cr eati ve thinking and appl:
connecting to open schooling and open science; and c) at the secondary-tertiary
interconnection. The thematic analysis of the literature resources resulted in a
synthesis of the breadth of theoretical approaches linked to STEAM practice in the

literature, with the heart of the Road-STEAMer conceptual framework emerging as
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grounded in relationality. Further, the analysis produced a set of four groups of

approaches:

Experiential, real-world interaction approaches

Human psychological and cognitive approaches

Social, spatial and material interconnectivity approaches

Cultural and equity approaches.

These groupings were analysed and explored to identify how each connects to the

criteria for mapping and analysing STEAM practice which were defined in deliverable

D4. 1 fAResearch Framewor ko. That wor k was

of the conceptual framework with the aim to define an initial outline of criteria that the
Road-STEAMer project will use to map and analyse STEAM practices in Europe. For
this, the team identified, thematically analysed and categorised published literature
and projects. Following an initial in-depth analysis, a co-creation workshop was held

to refine and clarify the criteria to be used.

Equity was identified as an underlying principle and value that supports all STEAM

practice and is therefore an all-pervading criterion.
The key criteria were identified as:
Collaboration
Disciplinary inter-relationships
Thinking-making-doing
Creativity
Real-world connection, and
Inclusion/Personalisation/Empowerment.

Deliverable D4.1 explains in detail how these criteria are reached, the published work

on which they are based, and offers a description of each.

The coupling of the above criteria (D4.1) with the four approaches identified in the

conceptual framework (D2.2), both grounded in extensive literature reviews and co-
11
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creation workshops, form a solid basis for the conceptualization of STEAM education
by Road-STEAMer. As argued in D2.2, this broad conceptual framework enables well-
grounded conceptual understanding of STEAM practices and is of use to policymakers
and practitioners in creating the conditions for, and designing, STEAM practice that is
effective in achieving key goals identified in deliverable D2.1. Therefore, this

background forms the foundation for the work reported in the present deliverable.
1.2.2 This work and its methodology

Building on the above basis, the work reported in the present deliverable aims to
provide a comprehensive analysis of the real-life conditions and requirements for the
effective integration of STEAM practices in education. Thus, the focus here shifts from
the wider socioeconomic environment and the conceptualization and analysis of
STEAM practices to STEAM as an innovation to be introduced into everyday
educational practice in Europeds school

and opportunities linked to this change in the practical realities of education.

In this sense, central considerations of the work reported here are aspects of
educational practice such as the curriculum, teachers and their training and
professional development, school organization and leadership and characteristics of
educational systems. These are important facets of educational innovation and change
that need to be carefully considered in order to highlight important conditions and
requirements for any attempt to integrate and mainstream STEAM approaches in

education.

To this end, we mapped the results of the background work (D2.1, D2.2, D4.1)
summarised in the previous sections, with academic and practitioner knowledge about
educational change and the introduction of innovations in education. Given the
extensive literature reviews that had been carried out in the earlier stages of the
project, we did not need to focus our study on any further review of literature resources
specific to STEAM practices. Instead, we studied in detail the interplay of the results
of Road-STEAMer 6 s socioeconomic and concept
and practices with the key messages on educational change and the introduction of
innovation in education which emerged from the literature, as well as from our
interaction with the stakeholder community described further below. The results of this

analysis are presented in sections 2.1 and 2.2 of this report.
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In our analysis we also included an appreciation of the opportunities arising for the
integration of STEAM in education from possible links and synergies with current
tendencies and topical issues in education and policymaking at the European level.
These include aspects such as open schooling approaches to education, efforts
towards creating an integrated learning continuum through synergies between formal,
informal and non-formal education, practices such as making and digital fabrication
linked to design thinking, playful learning, as well as links to the big challenges of our
times and their reflection in relevant European policy areas such as the Green Deal,
Digitisation, and Health. We report on these aspects of our analysis in section 2.3 of

this report.

In order to produce shared understandings and further evidence from the community,
and implementing the overall participatory methodology of Road-STEAMer (cf.
deliverable D1.1), we informed our emerging understanding of the conditions and
requirements for the integration of STEAM in education, with input from four
workshops: three workshops with educators, and a workshop with the participation of

consortium partners.

The discussions during the workshops aimed to delve deep into the conditions and
requirements for the introduction of STEAM in education. We based these discussions
on a list of key notions, which we produced through an initial analysis of the conceptual
background that deliverables D2.1, D2.2, and D4.1 provided. These key notions,

organised under the STEAM practice criteria of D4.1, are listed in Annex 1.

The collection of workshop participant views and suggestions was facilitated through
the use of a series of questions which we organized into two online questionnaires that

participants completed during or after

conditions and requirements for the effecti
(AExploratory aquesttheonm@Qiuee®)onnaire on

integration of STEARarirni ee & u cqgaBtahsobstrdmentsa i r e 0 )

included carefully devised multiple-choice, Likert-scale and open-ended questions
which comprehensively covered the aspects of STEAM integration in education under
investigation. The Exploratory questionnaire gathered responses from 52 workshop
participants, while the Barriers questionnaire was completed by 37 workshop

participants. These two questionnaires are presented in Annexes 2 and 3 respectively.

Based on the results of the discussions during the workshops and the analysis of the

data collected through the Exploratory and Barriers questionnaires, we subsequently
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produced the AFi nal guestionnaire on the condi
i ntegration of STEAM questionnairgdy)@iaming to rgéneratefi Fi n a |
consolidated evidence from a wide range of European contexts on the conditions and
requirements for STEAM education. We have administered this survey widely,

promoting it in Europe through our partners in the Road-STEAMer consortium and our

extensive networks of collaborating school communities in several countries. The

survey remains open and continues to collect responses, as part of our ongoing work,

which we have decided to expand beyond the formal completion of Task 2.3 in order

to keep informing the next steps in the project with more data. By the time of preparing

the final draft of the present report, the Final questionnaire has gathered responses

from 110 participants coming from 20 countries. The Final questionnaire is presented

in Annex 4.

The geographical focus of the above interaction with the stakeholder community
varied, aiming to combine both a wide coverage of Europe with an in-depth
investigation of the conditions and requirements for the integration of STEAM in
education, which often tend to be context sensitive. Thus, the participants of the
educator workshops where teachers from Greece, where the core of the Task 2.3 team
is based. The consortium workshop was attended by individuals from the 10 countries
participating in Road-STEAMer (Austria, Belgium, France, Greece, ltaly, Malta,
Netherlands, Poland, Ukraine, United Kingdom), which represent a wide range of
geographical, socioeconomic and cultural aspects of Europe. Further, the Final
questionnaire respondents, by the time of preparing the final draft of the present report,
come from 18 European countries (Austria, Belgium, Cyprus, Germany, Greece,
Israel, Italy, Lithuania, Malta, Moldova, Netherlands, Norway, Poland, Portugal,

Romania, Spain, Ukraine, United Kingdom) as well as USA and Canada.

Our decision to enrich our desk research, at the earlier stages of our study, with
educatorsé voices from one country <context wa
educational innovations are deeply embedded within the social, cultural, material, and
political contexts which shape their use and impact. For this reason, implementing
educational innovations successfully necessitates a context-specific analysis of the
relevant conditions and requirements. Thus, we used our close interaction and
exchanges with educators from Greece as a means to highlight details that are context-
specific. At the same time, by reviewing relevant international literature, by discussing
within the international Road-ST E AMe r consortium, and by coll e
views from a wide range of countries through the Final questionnaire, we provide an

14
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analysis of the conditions and requirements for the introduction of STEAM at a higher,

more generic, Europe-wide level.

On this background, the present report was produced through a meticulous analysis
and synthesis of the information and data generated through the study of the
background project documents (D2.1, D2.2, D4.1), the literature review, the workshop
discussions, and the responses to the three questionnaires. Initially, a thorough
thematic reading of literature on educational change and the introduction of innovation
in education was conducted to establish a comprehensive understanding of existing
theories, concepts, and empirical findings pertinent to the question about the
conditions and requirements for the integration of STEAM in education. The thematic
reading was structured around the key notions that emerged from the background
project reports (summarised in Annex 1), combined with the central aspects of
educational practice we have focused upon, namely the curriculum, teachers, teacher
training and professional development, school organization and leadership. This
literature review served as the foundation for our study, allowing us to identify key
themes, gaps, and areas of interest relating to the conditions and requirements for the
integration of STEAM in education. Concurrently, detailed notes gathered from the
workshops we conducted, as well as the data gathered through the questionnaires,
were integrated into the analysis process. These notes and data provided invaluable
insights into real-world experiences and perspectives shared by the participants. By
synthesizing the insights gleaned from both the thematic reading of literature and the
rich data obtained from the workshops and questionnaires, we were able to develop a
nuanced understanding of the conditions and requirements for the integration of
STEAM i n t odayThis integchted approachnenhanced the depth and
richness of our analysis, and facilitated the formulation of meaningful interpretations

and conclusions presented in this report.

The present report is delivered in a timely fashion to inform the next steps of the Road-
STEAMer project towards the STEAM roadmap for science education in Horizon
Europe, formally marking the completion of WP2. Nevertheless, we see our research
on the conditions and requirements for the integration of STEAM in the practical
realities of education as ongoing work that will continue throughout the project, being
in constant discourse with the analyses of policies (WP3) and practices (WP4) and an
important constituent for the final synthesis of the STEAM roadmap (WP5). On the
basis of the understandings gained through the study presented in this deliverable and
as part of our ongoing work, we are keeping the Final questionnaire survey open,
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aiming to generate further and stronger evidence on the conditions and requirements
for STEAM education, from an even wider range of respondents and European
contexts, and use this to inform subsequent outputs of the project. Such auxiliary input

could be useful, for instance, in deliverables D3.2 fAnalysis of policy gaps for STEAMQ

D4. 3 ARepoifeuse-oasesal as wel | as D5.1 and D5.

science education in Horizon Europebo.

The remainder of this report, following the present introductory section, is organized
into three parts. In Section 2 we present the main discussion of all aspects of the
introduction of STEAM in education as a case of educational innovation and change.
In Section 3 we present a relevant analysis of specific examples of STEM practices,
addressing questions relating to the connection with the curriculum in order to highlight
some of the more specific conditions and requirements for the integration of STEAM
in education. And, finally, in Section 4 we summarise the conclusions of this study and

present further steps to be taken based on these.
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2 . STEAM as educat

and change

2.1 Understanding the introduction of STEAM

comprehensively

To understand the contextual factors that influence the introduction and uptake of an
innovation such as STEAM in education, itis required to see the educational landscape
as constantly evolving, driven by a dynamic interplay of advances in pedagogy, socio-
cultural shifts and technological disruptions (Fullan, 2015). As part of this dynamic,
educational innovations emerge promising to revolutionize learning experiences and
outcomes, in response to perceived needs and demands (Cuban, 1988). However, the
journey from promising idea to widespread adoption is rarely smooth, and contextual
factors play a critical role in determining the success or failure of any educational
innovation. As is true for the adoption of new ideas more generally (Rogers, 2003), in
education too influential factors include the perceived value of the innovation, its
complexity, and its compatibility with existing practices. In our effort to understand the
conditions and requirements for the wide introduction of STEAM education into school
practice, we therefore need to take into account the complex interplay of these

contextual factors which influence the uptake of educational innovations.

Rogers (2003) serves as a foundation for understanding the adoption of innovations
across various fields, including education, proposing a comprehensive framework
which examines factors like relative advantage, compatibility, and complexity that
influence individual decisions to adopt new practices. Further, Fullan (2020) delves
deeper into the school-level factors that impact successful implementation,
emphasizing the importance of leadership, collaboration, and building capacity within
the school community to navigate change effectively. Drawing on frameworks such as
the Diffusion of Innovation Theory (Rogers, 2003) and Implementation Science (Fullan,

2015), several key areas of influence can be identified.

At the individual l evel , factors 1ike
advantage, compatibility with existing practices, and complexity significantly impact
their willingness to adopt (Means et al., 2001). Additionally, teacher characteristics

such as age, experience, and professional development opportunities shape their
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readiness for change (Holmes et al., 2013). Beyond individual factors, the school and
community context play a crucial role. School leadership committed to innovation,
coupled with a collaborative culture among educators, fosters an environment
conducive to implementation (Fullan, 2020). Guskey (2000) emphasizes the
importance of effective professional development, ongoing assessment, and building
a culture of shared responsibility. Furthermore, systemic factors like funding,
infrastructure, and policy frameworks can act as enablers or barriers (Penuel et al.,
2007). The broader socio-cultural context also plays a significant role. Cultural beliefs
and expectations regarding education can influence the acceptance of new
approaches, and socioeconomic disparities and equity considerations must be
addressed to ensure inclusive implementation (Means et al., 2001). Moolenaar et al.
(2021) adds further valuable insights, highlighting the crucial role of external context,
including policy frameworks, social norms, and available resources, in shaping the

uptake of new programs and interventions.

Considering these individual, school, community, and broader socio-cultural contextual
factors is crucial for designing effective strategies to promote the successful uptake of

any educational innovation coherently and comprehensively (Fullan and Quinn, 2016),

including the introduction of STEAM practices

understanding the dynamic interplay of various contextual forces in STEAM
implementation aligns with the broad need to carefully consider contextual factors in
science education research to avoid the risk of limiting generalizability and applicability
(Matrtin, 2010).

Taking a step further, to transcend simplistic explanations and embrace the complexity
of factors influencing the introduction of innovative STEAM practices into education,
we can utilize multi-layered, systemic lenses offered by frameworks such as Cultural-
Historical Activity Theory (CHAT) (Engestrdm, 2007), which proves valuable in
examining how individuals, tools, and social contexts interact to shape STEAM
learning. What is more, beyond individual teacher adoption, teacher agency (Fullan
and Hargreaves, 2015) needs to be considered, including how school structures and
leadership practices influence and support their engagement with these novel

approaches (Leithwood and Fullan, 2012).
2.1.1 Contextual factors

On this background, we can broadly categorise the various contextual factors that can

influence the uptake of STEAM education into three main levels:
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Individual level:

Teacher characteristics, including their age, experience, technological fluency,
beliefs about teaching and learning, as well as the perceived need for introducing
STEAM and their intrinsic motivation for that, can all influence a teacher's

willingness to adopt STEAM practices.

Student characteristics, including prior knowledge, learning styles, and
socioeconomic background can impact how students respond to and benefit from
STEAM practices.

School level:

Leadership, as school leaders who are supportive of innovation and provide
resources and professional development can create a more receptive environment

for change and the introduction of STEAM practices.

School culture, as schools with a collaborative and open culture where
experimentation is encouraged are more likely to see successful implementation

of innovations such as STEAM.

Resources, including the availability of technology, infrastructure, and funding, all

of which can play a significant role in facilitating the adoption of STEAM practices.

Wider environment level:

Curriculum frameworks, as educational policies and curriculum mandates can
influence the types of innovations that are promoted, supported or accepted in a

given educational context, including STEAM practices.

Social norms and expectations, since community expectations, parental
involvement, and public perception of the innovation can all affect the uptake of
STEAM.

Professional development and support, including access to ongoing teacher
training and support provision which can help educators successfully implement

innovative STEAM practices.
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2.1.2 STEAM inherent factors

In addition to the above contextual factors, various innovation characteristics can
influence the uptake of an educational innovation such as the introduction of STEAM

practices. Following Rogers (2003), such inherent factors include the following:

Relative advantage, i.e. the perceived benefit of innovative STEAM practices over

existing practices.

Trialability, i.e. possibility to experiment and test STEAM practice first on a small

scale before implementing it more broadly.
Observability, i.e. visibility of the benefits and successes of STEAM.

Compatibility, i.e. how well STEAM innovation aligns with existing values and

practices.
Complexity, relating to the ease of Ol ear

Further to these general innovation characteristics, certain specific traits of STEAM
practice naturally impact on the conditions and requirements for the effective

introduction of STEAM in education.

Generally, we can describe STEAM as a paradigm shift in educational approaches. It
moves beyond the traditional silos of individual disciplines to create an integrated
learning environment where Science, Technology, Engineering, Arts, and Mathematics
intersect and complement each other (Quigley et al., 2017). This approach aims to
encourage students to apply knowledge and skills from various fields to solve real-
world problems, preparing them to be active and responsible members of society
(Sochacka et al., 2016). By breaking down disciplinary barriers, STEAM fosters
collaborative work among students with diverse interests and skill sets, promoting
teamwork, communication, and negotiation skills (Connor et al., 2015). STEAM
practices emphasize hands-on, project-based learning activities that engage students
in active exploration and discovery, encouraging them to ask questions, conduct
investigations, and collaborate to find solutions (Sochacka et al., 2016). This approach
not only enhances students' understanding of how STEM disciplines impact their lives
but also cultivates creativity and innovation by integrating artistic expression into the
learning process (Peppler & Wohlwend, 2017). By incorporating arts into STEAM

education, students are provided with tools for problem-framing, visualization, and
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communication, fostering essential skills for navigating the complexities of the 21st
century (Peppler & Wohlwend, 2017). Furthermore, STEAM education offers a
transdisciplinary learning process that has the potential to increase diverse
participation in STEM fields (Quigley et al., 2017). It promotes a shift from traditional
lecture-based teaching to a more creative and open-ended learning approach, typical
in art education (Tovar et al., 2018). Through STEAM, students and educators have
the opportunity to explore connections between materials, design, society, and the
natural environment, critically engaging with various facets of disciplinary identity
(Sochacka et al., 2016).

In the context of the Road-STEAMer project in particular, work conducted so far
particularly highlights aspects and characteristics of effective STEAM education such
as those described in the following paragraph, which constitutes a digest of the
concepts and arguments presented in deliverables D4.1 and D2.2 produced for the

purposes of the present study.

Envisaged effective STEAM practice can be seen as a vibrant tapestry of learning,
creativity, and empowerment for all, which transcends mere disciplinary integration.
The real world provides the context for STEAM practice, foregrounding exploration of
cuttingoe dge i ssues and addressing Owicked

educational practice to broader societal concerns as well as to civic engagement and
entrepreneurship. Problem-solving and authentic tasks are shaped around student
choice and problem ownership, as well as focusing on being co-creative: they are not
just about finding solutions, but also about collaborative hands-on design, production,
and exploration. Students actively engage in learning which embraces uncertainty and
encourages experimentation and flexibility. This kind of learning is not just about rote
knowledge but rather about making, doing, and questioning, thus fostering diverse
cognitive skills including system thinking, critical thinking, creative thinking,
divergent/convergent thinking and in this way contributing to 21st-century
competencies. Arts become catalysts for creativity, innovation, and connection
between disciplines. Creativity is the vibrant thread that runs through it all, with creative
STEAM pedagogies promoting identity development, empowerment, fostering
individual expression and personal meaning-making. They are also linked to joyful
engagement, as well as to design thinking empowering students to create and connect
across disciplines towards open-ended innovation. Teachers are expected to facilitate,
guide, advise, and counsel, fostering student-led learning and creativity. They are also
eager to share expertise and resources among them, breaking down disciplinary silos
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and promoting collective growth. Students do not just work with peers and teachers,
but also connect with external partners including local communities and stakeholders,
which fosters not only collaboration and teamwork but also negotiation and diverse
perspectives. Technology, from collaborative design tools to gamified learning
experiences, may empower exploration and co-creation. Last but not least, inclusivity
and equity are cornerstones of this shared creative and learning space, manifesting
themselves in several ways. For one thing, covering a wider range of interests, arts
integration attracts diverse learners and makes STEAM more inclusive than STEM
alone. In addition, STEAM empowers young people, and especially under-represented
groups, to embrace their identities as change-makers and develop their science capital
and identity. An affirmative ethical stance is also integral, by valuing all disciplines,

promoting equity and challenging traditional hierarchies.

2.2 Key areas of conditions and requirements for STEAM

2.2.1 Curriculum: making STEAM an integral part

The relation between STEAM practices and the curriculum is one of the predominant
factors impacting the introduction of STEAM in education. To shed light on this relation,
it is necessary to consider the key constituents of the curriculum and the forces that
shape it, as those are identified and widely understood in contemporary educational
research and practice (White, 2003; Lawton, 2012; Richmond, 2018).

The curriculum defines the planned learning experiences offered to students,
encompassing the subjects, topics, content, and learning objectives that students are
expected to engage with during their education. The development and implementation
of curricula are complex processes influenced by various factors, including national
and local policies, educational theories, social and cultural influences, stakeholder
engagement, and research evidence (Voogt & Roblin, 2012). Governments typically
establish curriculum frameworks that outline core subjects, learning objectives, and
assessment guidelines, which can be adapted by educational authorities or individual
schools to suit specific needs and contexts, leading to significant variability across
education systems (Voogt & Roblin, 2012). Different educational philosophies, such
as progressivism or constructivism, shape the emphasis on specific skills, subject
areas, and teaching methods within curricula (Harden, 2001). Moreover, societal
needs, technological advancements, and cultural values play a crucial role in
determining curriculum content and focus, as seen in the current emphasis on digital

literacy skills reflecting the importance of technology in today's world (Nordin &
22

Road-STEAMer has received funding from the European

Funded by the agreement No. 101058405
European Unior

Unionds

Hor i z



Sundberg, 2020). Teachers, parents, and community members also influence
curriculum development and implementation, while student feedback should ideally
guide adjustments to ensure relevance and engagement (Hawkins et al., 2015).
Educational research findings on effective teaching methods and learning outcomes
also inform curriculum design, resource selection, and activity planning (Davis &
Harden, 2003). The discourse on curriculum richness is further enriched by
discussions on formal (explicitly planned and documented) versus informal (incidental)
curricula, as well as debates on the balance between standardization and flexibility in
curricula and the level of teacher autonomy in shaping classroom experiences (Lynch,
2014).

It is important to consider curriculum development as an ongoing process responding
to factors such as student needs, emerging technologies, and societal changes, which
can necessitate revisions and updates to ensure the curriculum remains relevant and
effective. Change and innovation in education, including the introduction of STEAM
practices, are integral parts of this process. Simultaneously, rigid standardized
curricula can suffocate innovation, while flexible frameworks with space for teacher

adaptation open doors for exploration and experimentation (Koirala, 2023).

Taking into account the nature of STEAM practices as discussed further above,
conditions and requirements for the integration of STEAM in the school curriculum are
shaped by the fact that STEAM education as envisioned represents a dynamic
paradigm shift, weaving together science, technology, engineering, arts, and
mathematics towards affording creative, collaborative, engaging, and inclusive
learning experiences. Integrating STEAM education into the school curriculum
therefore requires the foregrounding of priorities discussed in detail in deliverables
D4.1 and D2.2, such as fostering interactivity and collaboration, embracing student
ownership, promoting creativity, offering problem solving-based, authentic and
engaging learning experiences connecting students to the real world and aiming
beyond the mere development of cognitive skills, as well as ensuring inclusivity and
equity, all of which synthesise an educational approach that empowers students to
become innovative, responsible, and engaged citizens of the 21st century. Thus,
based on the conceptualisations and analyses from the previous stages of the Road-
STEAMer project, we can say thata 6 STHERAMend| y 6 c¢ urincluadethke

following features:

Arts as catalyst: The curriculum should integrate artistic practices and expression

into STEAM in ways that empower students to create, express themselves, and
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connect across disciplines in innovative ways, effectively. Embracing the arts
should transcend mere illustration, with arts becoming catalysts for creativity,
innovation, and connection-making, fostering divergent thinking and empowering

students to communicate their ideas.

Embracing multiple pathways to knowledge and unlearning: The curriculum
should encourage multiple pathways to knowledge acquisition, including through
exploration and experimentation, encouraging unlearning of preconceived notions,

and promoting flexible thinking through diverse learning modalities.

Playfulness and flow: The curriculum should foster a joyful and engaging learning
environment where students experience the O6f]|
achieved through means such as playful learning elements and open-ended

exploration, thus generating intrinsic motivation.

Developing a spectrum of thinking: While intellectual skills like critical and
system thinking are essential, STEAM education should go beyond, integrating
opportunities for creative, divergent and convergent thinking and metacognition,
thus fostering well-rounded learners equipped for the complexities of the 21st

century.

Problem-solving as a creative process: The curriculum should move beyond
formulaic problem-solving approaches, by incorporating open-ended exploration,
hands-on design and production, encouraging students to approach problems

creatively and collaboratively.

Student ownership and inquiry: The curriculum should move beyond pre-defined
problems and solutions, encouraging student choice, ownership, and active
exploration of real-world challenges through hands-on design, production, and

inquiry-based learning.

Addressing cutting-edge issues: The curriculum should integrate real-world
challenges such as climate change or social justice issues to provide context for
learning and, importantly, to encourage students to see the impact of their

knowledge and skills on the world around them.

Civic engagement and entrepreneurship: The curriculum should connect
STEAM learning to real-world applications that address community needs by
promoting civic engagement or encouraging entrepreneurship.
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Broadening interests and representation: The curriculum should aim at
attracting a wider range of learners through the integration of arts into STEAM,
making it more inclusive than STEM alone, fostering a diverse learning

environment where students from all backgrounds feel welcome and engaged.

Identity development and empowerment: The curriculum should create
opportunities for students to develop their personal identities within STEAM,
including through practices that encourage artistic self-expression, and promote
individual meaning-making while addressing issues which are important to the
student. It should aim to create opportunities for all students to see themselves as

successful STEM and STEAM learners and celebrate diverse perspectives.

Diversity in assessment methods: Assessment focused solely on standardized
testing incentivizes adherence to traditional learning and teaching roles and
methods. Focusing on continuous formative assessment and incorporating diverse
authentic assessment methods can encourage innovative practices such as
STEAM, including by helping teachers refine their practice and demonstrate the

impact on student learning.

Views on STEAM in the curriculum and relevant challenges

We presented the above elements to participants and sought their views on the
relevance of these as conditions for the effective integration of STEAM in education,
as well as the degree to which such con
education. Participants agreed on the importance of all of the above learning, teaching
and assessment features for the effective integration of STEAM in education.
However, integrating STEAM priorities and practices with these characteristics into the

existing curricula was perceived as quite challenging.

Participants overall clearly indicated that STEAM has not yet found the position it
deserves in the existing curriculum. For instance, Exploratory questionnaire
respondent s strongly di sagr &eEAM educatibn ist
adequately represented in the school curriculumé ( Mean=2, 35; Medi

1=Absolutely disagree - 5=Absolutely agree).

More specifically, achieving interdisciplinarity or transdisciplinarity seems to remain a
significant challenge. Participants considered STEAM practices integrating curriculum

areas and disciplines which, traditionally, are not connected, as quite difficult to
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achieve. It is worth noting that the relevant statement in the Final questionnaire was
perceived by respondents as one of the most difficult to achieve conditions, with only
1 in 5 respondents characterizing it as fieasy

STEAM practices integrating curriculum areas and disciplines which, traditionally, are not

connected.
101 anavtioelg

@ Important and easy

@ Important but somewhat difficult
Important but very difficult

@ Not important for STEAM

Providing STEAM practices that involve arts in ways empowering students to express
themselves, create and innovate was perceived by participants as a condition which is
somewhat easier to achieve compared with other conditions relating to learning. The
relevant Final guestionnaire statement was mar ke
third of the respondents, although the majorit:

of Avery difficulto).

STEAM practices involving arts in ways that empower students to express themselves, create,

innovate.
101 anavthoeLg

@ Important and easy

@ Important but somewhat difficult
Important but very difficult

@ Not important for STEAM

However, according to the responses to the Exploratory questionnaire, the STEAM
activities implemented in the educational contexts that participants were familiar with,
tend to be related to the Visual Arts rather than the Performing Arts (Mean=3.24 and
2.92 respectively; Median=3 for both; Likert scale: 1=Absolutely disagree -
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5=Absolutely agree), and the former are more adequately represented in the existing
curriculum than the latter (Mean=2.76 and 2.59 respectively; Median=3 for both; Likert
scale: 1=Absolutely disagree - 5=Absolutely agree).

Embracing exploration, multiple pathways to knowledge and uncertainty is perceived

as a condition for the integration of STEAM in education that is quite difficult to achieve.

The relevant Final questionnaire statement was marked as one of the most difficult
conditions, wi t h 1 i n 5 respondent s charact er
considering it Adifficulto, and only a quarter

to achieveo.

STEAM practices that embrace exploration, multiple pathways to knowledge, uncertainty.
99 anavtnoelg

@ Important and easy

@ Important but somewhat difficult
Important but very difficult

@ Not important for STEAM

Responses to the Exploratory questionnaire indicated very strong agreement about
the link between STEAM and creativity in learning, with the relevant statement
featuring first in the list of the most agreed upon items (Mean=4,32; Median= 5; Likert

scale: 1=Absolutely disagree - 5=Absolutely agree).

What is more, offering STEAM practices that are joyful, engaging and generating
intrinsic student motivation, as well as practicesf ost eri ng studentds acti
ownership of the learning activity, are perceived as comparatively easier to achieve
conditions. The relevant Final questionnaire statements were mar ked as feasy t

a c hi e vappooxirhayely 40% of the respondents.
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STEAM practices that are joyful, engaging, generating intrinsic student motivation.

101 anavtrioelg
@ Important and easy
@ Important but somewhat difficult
48,5% ’
@ Important but very difficult
Not important for STEAM
@ e
42.6%

STEAM practices that foster student’s active role and ownership of the learning activity.
101 anavtioelg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Similarly, developing a variety of thinking skills was also perceived by Final
guestionnaire respondents as one the easier to achieve conditions.

STEAM practices that develop a variety of thinking skills (e.g., critical, creative, systems thinking,

metacognitive).
101 anavtroeLlg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Further, responses to the Exploratory questionnaire indicated rather strong agreement
that STEAM favours the synthesis of thinking with doing and making (Mean=4,08;

Median= 4; Likert scale: 1=Absolutely disagree - 5=Absolutely agree). In addition,
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implementing STEAM practices that are practical and hands-on, involving doing and
making, is perceived as the easiest to achieve condition relating to learning. The
relevant Final questionnaire statement

respondents.

STEAM practices that are practical and hands-on, involving doing and/or making.
101 anavtioslg

@ Important and easy

41,6% @ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Exploratory questionnaire responses indicated rather strong agreement that STEAM
favours the connection of learning with the real world (Mean=4,03; Median= 4; Likert
scale: 1=Absolutely disagree - 5=Absolutely agree). In addition, basing STEAM
practices on addressing real-world problems and challenges is considered as one of
the easier to achieve conditions. The relevant Final questionnaire statement was

mar ked as A eas y#%obtheaesdondentse 0 by

STEAM practices that are based on addressing real-world problems and challenges.
100 anavtioelg

@ Important and easy

@ Important but somewhat difficult
Important but very difficult

@ Not important for STEAM

However, implementing STEAM practices which specifically address community
needs, societal concerns and cutting-edge issues emerges from the Final
guestionnaire responses as significantly more difficult to achieve. The relevant

statement was marked as one of the most difficult conditions, with 1 in 5 respondents
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characterizing it as fAvery difficuladodta and

guarter of the respondents characteri zi

STEAM practices that address community needs, societal concerns, cutting-edge issues.

101 anavtioslg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Exploratory questionnaire responses indicated strong agreement that STEAM favours
the inclusion and empowerment of all students, with the relevant statement featuring
second in the list of the most agreed upon items (Mean=4,24; Median= 4; Likert scale:
1=Absolutely disagree - 5=Absolutely agree). However, implementing STEAM
practices that ensure equity and inclusion and help all students see themselves as
successful learners is not considered easy. As a matter of fact, the relevant statement
in the Final questionnaire was perceived by respondents as the condition that is the

mo st di fficult of al |l to achi eve, wi t h

to achandeavedthird of the respondents mar ki

STEAM practices that ensure equity and inclusion, helping all students to see themselves as

successful learners.
101 anavtioelg

@ Important and easy

@ Important but somewhat difficult
Important but very difficult

@ Not important for STEAM

Similarly, empowering students to develop their identities and personal meaning-

making is perceived as quite difficult to achieve. The relevant Final questionnaire
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statement was marked as one of the difficult conditions to achieve, with only 25% of

the respondents characterizing it as feasy to

STEAM practices that empower students to develop their identities and personal meaning-making.
101 anavtioslg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Learning assessment practices that go beyond traditional testing, to cover aspects

such as student engagement, collaboration and wider competence development

emerges from the responses as a condition for STEAM that is very difficult to achieve.

The corresponding statement in the Final questionnaire was perceived by respondents

as one of the most difficult to achieve conditions, with about 18% of the respondents
characterizing it as né%fmdingitasveaydiffigule @rettie, and ab
other hand, the use of learning assessment practices to help in the ongoing evaluation

and improvement of educational practices is perceived as slightly easier, but still a

significant challenge.

Learning assessment practices that go beyond traditional testing, to cover aspects such as student

engagement, collaboration, wider competence development.
101 anavtroelg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM
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Learning assessment practices that help in the ongoing evaluation and improvement of educational

practices.
101 anavtroelg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Final questionnaire items focusing on wider curriculum frameworks and educational
policy reveal that the condition of curriculum flexibility allowing for innovative practices
is considered as very difficult to achieve, closely followed by teachers being able to
make independent teaching and assessment choices within general curriculum
frameworks and guidelines. Notably, respondents consider it as relatively easier to

have STEAM formally recognized as part of the curriculum.

Teachers making independent teaching and assessment choices, within general curriculum

frameworks and guidelines
103 anavtroelg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM
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Curriculum flexibility allowing for innovative practices

105 anavtioslg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

STEAM formally recognized as part of the curriculum
104 anavtioelg

@ Important and easy

@ Important but somewhat difficult
@ Important but very difficult

@ Not important for STEAM

Finally, when asked about their preference for the position of STEAM within the
existing curriculum, Final questionnaire respondents show a clear, very strong
preference for STEAM practices integrated across the curriculum, with more than 80%
preferring or strongly preferring this, compared to STEAM as a separate curriculum
area which is not preferred by at least half of the respondents. In addition, if STEAM
practices were to be integrated mainly in STEM curriculum areas or mainly in arts and
humanities curriculum areas, data reveal a tendency towards a stronger preference for
the former. This, however, is not conclusive and could be attributed to the background
of the respondents, as well as partly to the cultural roots of STEM with which STEAM

is often associated (Colucci-Gray et al., 2019).
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STEAM practices integrated across the curriculum
105 anavtioeLg

60
40
20
2(1,9%) 1 (1%)
0 |
1 2

STEAM as a separate curriculum area
105 anavtnoeig

40
30
20

10

* Likert scale: 1=Not preferable - 5=Strongly preferred
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