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Abstract: This paper examines the potential of STEAM (Science, Technology, Engineering,
Arts, Mathematics) education as a socially innovative approach to making STEM
education more inclusive and creativity-driven. Traditional STEM (Science, Technology,
Engineering, Mathematics) education is essential for global innovation but often
reinforces societal inequities. The EU-funded Road-STEAMer project aims to integrate
creative approachesinto STEM, fostering a skill set that combines technical and creative
capabilities. This study investigates STEAM’s potential to address the skill gaps and
inclusivity issuesin STEM education, aiming to guide educational policies toward a more
diverse and capable workforce. Employing a four-step framework for transformative
social innovation the study assesses current STEM limitations and presents findings from
the DO IT programme, a European initiative for youth social innovation through hands-
on learning. Creativity and self-efficacy changes in students were measured via pre-and
post-tests. Findings show that DO IT participants, especially older students and females

in structured settings, significantly improved creativity and self-efficacy. These gains
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highlight STEAM’s capacity to develop both technical and creative skills, making
education more inclusive. Our results show that STEAM education holds promise for
addressing educational gaps and workforce needs. Recommendations emphasise policy
support for STEAM integration, educator training, and inclusive frameworks to prepare
students for future societal challenges.

Keywords: STEAM Education, Social Innovation, Inclusive Education, Educational Policy

Resumen: Este articulo examina el potencial de la educacidon STEAM (Ciencia, Tecnologia,
Ingenieria, Artes y Matematicas) como enfoque socialmente innovador para hacer que
la educaciéon STEM (Ciencia, Tecnologia, Ingenieria y Matematicas) sea mds inclusiva y
esté mas impulsada por la creatividad. La educacién STEM tradicional es esencial para
la innovacidén global, pero a menudo refuerza las desigualdades sociales. El proyecto
Road-STEAMer, financiado por la Unién Europea, pretende integrar enfoques creativos
en STEM, fomentando un conjunto de habilidades que combine capacidades técnicasy
creativas. Este estudio investiga el potencial de STEAM para abordar las carencias de
competencias y los problemas de inclusién en la educaciéon STEM, con el objetivo de
orientar las politicas educativas hacia una mano de obra mas diversa y capaz. Utilizando
un marco de cuatro pasos para la innovacidn social transformadora, el estudio evalua
las limitaciones actuales de STEM y presenta los resultados del programa DO IT, una
iniciativa europea para la innovacién social juvenil a través del aprendizaje practico. Los
cambios en la creatividad y la autoeficacia de los estudiantes se midieron mediante
pruebas previas y posteriores. Los resultados muestran que los participantes en DO IT,
especialmente los estudiantes de mds edad y las mujeres en entornos estructurados,
mejoraron significativamente la creatividad y la autoeficacia. Estas mejoras ponen de
relieve la capacidad de STEAM para desarrollar tanto las habilidades técnicas como las
creativas, haciendo que la educacién sea mas inclusiva. Nuestros resultados muestran
que la educacidon STEAM es prometedora para abordar las lagunas educativas y las
necesidades de mano de obra. Las recomendaciones hacen hincapié en el apoyo politico
a la integracién de STEAM, la formacion de educadores y los marcos inclusivos para

preparar a los estudiantes para los retos de la sociedad.
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1. INTRODUCTION

Science Technology Engineering Mathematics (STEM) education is regarded as essential
to steer innovation and economic growth worldwide. However, numerous studies have
identified STEM teaching practices which potentially reproduce unequal participation
and attainment amongst students of underrepresented backgrounds. To address these
issues, more innovative approaches are needed that reflect the diversity of individuals’
needs. In this respect, STEAM education, which incorporates artistic and creative
approaches, seems promising.

The Road-STEAMer project, an EU funded Horizon Europe project, aimed at
developing a roadmap for STEAM education (Science Technology Engineering Arts
Mathematics) in Europe, collaboratively defined a set of criteria for effective STEAM
education, and mapped existing STEAM practices as part of the preliminary steps to
defining a roadmap.

For this paper, the lens of transformative social innovation has been applied to
STEAM education as a socially innovative education practice, given that “social
innovations are novel or more effective practices that prove capable to tackle societal
issues and are adopted and successfully utilised by individuals, groups and organisations
concerned” (Centre for Social Innovation, n.d.!). Following this definition, STEAM
educational practices are a social innovation, as they provide an effective alternative to
current, mainstream STEM education. In this case, the societal issue to be tackled is the
so-called ‘talent gap’. In particular, they address the 'talent gap' by not only increasing
the number of professionals and developing skillsets for complex, real-world challenges
but also enhancing diversity within the talent pool.

Transformative social innovation (Avelino & Wittmayer, 2018; Pel et al., 2020)
emphasises promoting systemic change. In this case within educational systems, which

are known to be resistant to change due to entrenched bureaucratic structures; rigid

1 Profile // ZSI - Centre for Social Innovation
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curricula that are slow to adapt to societal needs; risk aversion among stakeholders;
limited funding and resource constraints; and accountability frameworks focused on
standardised testing rather than innovative practices (Fullan, 2015; Cuban, 2013).
Additionally, cultural norms and long-standing traditions often prioritise stability over
experimentation, while administrative processes and approval requirements can hinder
the adoption of new methodologies and technologies in the classroom (Whittaker &
Montgomery, 2022).

Drawing on foundational frameworks from systems thinking, social innovation theory
and change management (e.g. Westley & Antadze, 2010; Pel, et al., 2020), we
differentiate between four steps in transformative social innovation processes:

It starts with the (step 1) system analysis, followed by (step 2) system design, the
(step 3) process knowledge phase, and finally (step 4) the system assessment. The paper
follows these steps in its theoretical foundation and empirical analysis as well as
discussion.

The objective of this paper is to showcase how STEAM (Science, Technology,
Engineering, Arts, Mathematics) education can act as a socially innovative approach to
address current limitations in STEM education. It aims to illustrate, through empirical
examples and analysis, how STEAM practices can bridge skill gaps, enhance inclusivity,
and guide educational policies to foster a more diverse and capable workforce. The
paper also seeks to provide evidence to support policy-making that integrates these
approaches effectively into educational systems.

2. THEORETICAL FRAMEWORK

Following Transformative social innovation (SI) pathway, in the first step, the system
analysisis performed. The question to be answered is “what is it” with the aim to capture
the system’s knowledge, the structural framework conditions and current challenges. In
the second step, the system design, the focus lies on “what could be”, to address the
transformation knowledge. In this step, research is performed to identify potential
alternatives that are fair for society. In the third step, the process knowledge step,
innovations are co-designed and explored. In the last step, the system assessment, the
new practice is evaluated. In our paper, we follow this four-step approach, with the

caveat that we will not be able to fully complete the last phase as STEAM practices are
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not yet widely adopted. Instead, we provide the evaluation of one STEAM initiative as
anecdotal evidence for STEAM policy making. The first two steps, the system’s
knowledge step and the process knowledge step, are addressed in the theoretical
framework, while the two latter ones are covered in the empirical part of the paper.
2.1 The issues with STEM Education and the need for STEAM — transformative Sl (step
1): a system’s knowledge

In the following we explore the system’s knowledge, i.e. the barriers that prevent
equitable access to STEM education, and which are deeply rooted in system structures
on the one hand and the need for a (science-)literate society to tackle global challenges
on the other hand (Unterfrauner et al., 2024).

Numerous studies have provided evidence that socio-cultural conditions — such as
family income, parental educational attainment, and access to learning resources—
heavily influence STEM engagement and outcomes (Betancuret al., 2018; Gorard & See,
2009, Seebacher et al., 2021; Archer et al., 2012, Falk et al., 2016). There are national
disparities in educational funding, but interestingly, attainment and funding do not
largely correlate; for instance, countries like Estonia achieve high PISA scores despite
lower spending compared to other EU countries, indicating that financial investment
alone is insufficient to bridge these gaps (OECD, 2019). Instead, structural changes are
required to make STEM accessible to students from diverse socio-cultural backgrounds.

The “leaky pipeline” model describes the loss of potential STEM participants,
particularly women, as they advance through education and career stages. This model,
however, has evolved into the “hostile obstacle course” metaphor, emphasising
structural barriers that disproportionately affect individuals from underrepresented
groups e.g., lower socio-economic backgrounds and certain ethnic minorities
(Unterfrauner et al., 2024). Research reveals that these disparities are rooted in early
socialisation and reinforced through stereotypical perceptions of STEM as male
dominated. Interventions involving inclusive pedagogies, diverse role models, and the
adoption of more integrated STEM approaches are highlighted as strategies to dismantle
stereotypes, improve accessibility, and promote equity in STEM (Giammarco, 2020;
Perales & Aréstegui, 2021; Ametller & Ryder, 2014; Makarova et al., 2019). For now,

inclusivity remains a core challenge in STEM education.
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The need for fundamental changes in STEM education becomes apparent also when
considering industry needs, with business sectors increasingly demanding graduates are
equipped with technical as well as essential transferable skills, such as creativity,
intercultural awareness, and ethical reasoning. As technological advancements reshape
workforce requirements, the blend of technical expertise with arts-driven creativity
which can be found in STEAM approaches becomes particularly valuable for fostering
holistic problem-solving skills (Penprase, 2018). This need for comprehensive skills
suggests that a purely STEM-focused approach may neglect aspects crucial for industry
and economic growth, reinforcing the shift toward an interdisciplinary STEAM
framework (European Commission: Joint Research Centre., 2020).

Finally, a (science-) literate society is vital for addressing global issues like climate
change and public health. By integrating scientific inquiry with creative thinking, STEAM
education fosters a mindset capable of understanding and engaging with complex
societal challenges. Thus, interdisciplinary education that prepares students not only as
future professionals, but also as informed citizens equipped to navigate and address
pressing issues (Snow & Dibner, 2016) is crucial in education the next generation.

We are living in a time of big changes, with urgent climate challenges and rapid
technological advancements that once seemed like science fiction. To manage these
powerful changes and drive future innovations, a well-educated workforce and a shift in
mindset are essential. Especially in Europe, there is a growing call to invest in education
and skill development, creating a strong ‘talent pipeline’? (Unterfrauner et al., 2024) in
key areas like information technology, engineering, and STEM (Science, Technology,
Engineering, and Mathematics) to stay competitive with companies outside Europe
(DigitalEurope, 2024).

At the same time, a major challenge is the ongoing underrepresentation of women
and marginalised groups in these educational and job fields. Addressing this requires

structural changes to boost representation, reduce bias in education, and offer more

2 For an in-depth critique of the “leaky pipeline” metaphor and a suggestion to move towards the concept
of “hostile obstacle course” see Unterfrauner et al. (2024). STEAM context, concepts and conditions:
Socio-economic context and relevant needs (Deliverable 2.1, v.2) (Version 2). Zenodo.
https://doi.org/10.5281/zenodo.14000682
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diverse role models for future generations. As part of their agenda for a second term as
President of the European Commission in 2024, Ursula von der Leyen has proposed a
'STEM Education Strategic Plan' to address the shortage of qualified STEM teachers and
attract more girls and women to these fields (Von der Leyen, 2024). Before this, the
Digital Education Action Plan 2021-2027 (DEAP) (European Commission, 2020) had
already laid out steps to increase women’s participation in STEM. Occasionally, these
calls also include ‘STE(A)M,” which adds the arts and creative approaches to STEM.
Using the latest research on education and focusing on the intersection between
secondary and tertiary education, the EU funded Horizon Europe project Road-STEAMer

(https://www.road-steamer.eu) argues that it’s time to make more ambitious steps in

education. If the usual way of doing things no longer works, we should rethink traditional
education, too. Education should go beyond strict subject boundaries and aim for
‘future-making’—the ability to respond creatively and flexibly to ongoing changes, not
just teaching skills and knowledge (Colucci-Gray & Burnard, 2019).
2.2 Transformative potential of STEAM education
The importance of creativity is increasingly getting recognition, to the point that since
2022, the OECD PISA assessments include a measure for creative thinking. It is worth
noting that learners from future-forward countries like Singapore significantly
outperformed those from EU member states (OECD, 2024) — something to take into
consideration when reflecting on competitiveness of the EU. Crucially, creative thinking
is not an innate ability but something that can be nurtured: this is why the arts and
creative approaches should not be a side feature of learning curricula. Instead, they
should be valued on their own as a key part of cross-disciplinary and innovative
education (Pirrie, 2019) 3.

Another common pitfall is thinking that the ‘A’ in STEAM means the simple addition
of some creative elements to STEM disciplines as a way to make them more “fun” and
less intimidating, in order to attract more diverse students. This is an underestimation

of the innovative potential of STEAM, and itis commonly found in policy documents. For

3 For a comprehensive analysis of the limitations of a narrow view of STEAM, refer to Pirrie, A. (2019).
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instance, in the Digital Education Action Plan 2021-2027 (DEAP), STEAM is mentioned in
Action 13 as a way to increase women’s participation in STEM studies and careers —in
other words, as a mere instrument to improve the outcomes of STEM education,
without making fundamental changes. In contrast, truly transformative and innovative
STEAM practices embrace and promote change more openly. It is not just a matter of
having more female students in science or engineering, but of creating an environment
in which female-coded perspectives are welcome, one in which learners from different
backgrounds are encouraged to bring their unique standpoints and problem definitions,
and in doing so, to influence the way knowledge is produced (e.g. Diaz-Garcia et al.,
2013). In this sense, STEAM with interdisciplinarity, creativity and collaborative aspects,
as worked out by the project (see below), has the potential not only to improve
education, but to change how scientific research sets about finding solutions to long-
standing problem:s.

3.METHODOLOGY

In the following we address the transformation knowledge step by providing a STEAM
educational approach as a potential alternative to current STEM practices, for a fair
society with more equitable education and with potentially more positive outcomes and
impacts. We firstly introduce the STEAM approach and the Road-STEAMer project and
secondly, describe an example of STEAM practices.

3.1 The STEAM approach — Transformative Sl (step 2): transformation knowledge

The Road-STEAMer project promotes a truly ambitious view of STEAM approaches, one
that goes beyond the addition of arts to a list of disciplines, towards promoting well-
rounded learning. In doing so, STEAM supports development of both technical skills
(such as those needed for digital technology) and of creative problem-solving for
tackling complex, real-world issues.

3.1.1 Road-STEAMer criteria: To better understand the transformative potential of
STEAM, it is important to clarify how it is understood within the Road-STEAMer project
(Chappel & Hetherington, 2023; Chappel et al., unpublished). While there isn’t one
single definition of STEAM, the Road-STEAMer project framework offers guidance in the

form of key recommended criteria (Yeomans et al., 2023; Yeomans et al., unpublished):
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Collaboration: This involves teamwork among students, communication
between teachers, and connections with people inside and outside the school.
In STEAM, teachers guide rather than lecture.

Disciplinary inter-relationships: STEAM combines subjects instead of treating
them separately. The arts and other fields are equally valued, and ideas
should move across disciplines to solve problems and use technology.
Thinking-Making-Doing: This refers to connecting thinking, creating, and
doing with STEAM practices, which helps to gain a more active and dynamic
learning experience.

Creativity: Creativity is core to STEAM activities, allowing students to
generate new ideas. In digital projects, creativity extends beyond ideas and
includes making and designing or doing.

Real-World Connection: STEAM connects learning to real-life issues, like
climate change, makinglearning meaningful and empowering students to see
themselves as change-makers by tackling complex problems through
problem-solving and inquiry-based learning.
Inclusion/Personalisation/Empowerment: Activities are designed so that all
participants, no matter their confidence level, can participate fully. STEAM
gives young people a space to develop their identities and see STEAM as
something ‘for them.” Focusing on personalisation and empowerment helps
create a more inclusive and engaging learning environment.

Road-STEAMer also emphasises ‘Equity’ as a key value that runs through all

STEAM practices, ensuring fairness in design, learning, and outcomes.

These criteria form the foundation of Road-STEAMer’s framework for evaluating

STEAM practices. Not all criteria need to be fully met for an educational practice to

qualify as STEAM —different educational approaches may emphasise some criteria

more than others, although significant gaps may highlight a need for further

development and refinement of the practice.

3.1.2. Mapping of Road-STEAMer practices: Building on this framework, the Road-

STEAMer project sought to apply these criteria to real-world STEAM practices through a
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comprehensive mapping exercise (Juillard & Aguirre, 2023). This effort aimed to capture
a clear picture of STEAM education across Europe by identifying current trends,
highlighting critical gaps, and pinpointing opportunities for growth. By doing so, Road-
STEAMer hopes to establish a foundation for further developing digital and STEAM
education to meet pressing socioeconomic needs.

The mapping exercise highlighted that STEAM education is rapidly evolving, with
significant strides in "open schooling," personalised science learning, and community
engagement, helping to link students with real-world STE(A)M applications. Current
trends such as gamification, as seen in projects like GAPARS* and GREAT?>, are making
STEAM more interactive and enjoyable, while many initiatives address gender disparities,
with about 75% implementing gender equity policies.

However, there remains a need to broaden inclusion for LGBTQ+ individuals and
migrants. These projects also tackle pressing socioeconomicissues like employment and
sustainability, showing STEAM’s role in addressing social needs. Key challenges persist,
including limited integration of the arts as a core component, insufficient focus on early
math and abstract skills development, and minimal use of industry data and
entrepreneurship within STEAM, which limits students’ preparation for a changing job
market. Funding and accessibility remain concerns, as many projects receive EU support
but lack local resources, particularly affecting disadvantaged communities. Moving
forward, the Road-STEAMer’s mapping analysis recommends stronger art’s and creative
approaches’ integration, better support for entrepreneurship, and a more inclusive
approach to STEAM. An interactive mapping® feature is being developed to showcase
survey findings, facilitating greater collaboration and resource-sharing among educators,
policymakers, and stakeholders.

In the following we will describe one prime example of a STEAM practice that aimed

at promoting entrepreneurial education for children in school as well as extracurricular

4 GAPARS project reference: https://cordis.europa.eu/project/id/732703

5 GREAT project reference: https://www.greatproject.gg

® Road-STEAMer interactive mapping of STEAM practices: www.road-steamer.eu/interactive-map-of-
steam-practices
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activity. Following the logic of transformative social innovation, this step corresponds
with process knowledge, i.e. innovations are co-designed and explored in practice.

3.2 A STEAM example: the DOIT programme — Transformative Sl (step 3): process
knowledge

The European project DOIT (Digital Fabrication and Making for Social Innovators) was a
three-year initiative (October 2017 — September 2020), bringing together 13 partner
organisations from ten European countries. Its main objective was to create and pilot an
educational programme for young children that combined elements of maker culture,
entrepreneurship, and social innovation. The programme emphasised developing
innovations that serve the broader public interest, particularly in alignment with the
United Nations Sustainable Development Goals (SDGs) (Rosa, 2017). These broad goals
were simplified to resonate with children’s everyday experiences, making the concepts
more relatable and relevant for their life.

The DOIT programme’s structure aligns with Eurydice’s framework on
entrepreneurship education, which encourages “learners to develop the skills and mind-
setto be able to turn creative ideasinto entrepreneurial action,” viewed as essential for
fostering personal development, active citizenship, social inclusion, and employability
(Eurydice, 2016, p. 7).

The programme (see Table 1) comprised seven elements, with a recommended
minimum duration of 15 hours (Geser et al., 2019).

Table 1. DOIT Learning Programme

DOIT Learning Programme Element Social Innovation and Entrepreneurial Aspect

1. Do it because you can (sensitise) Awareness of a social problem; motivation to address it

Identifying the challenge; exploring needs; brainstorming
ideas

Team-building; elaborating and selecting ideas
collaboratively

Initial prototyping; presentation and iterative
improvement

Planning realisation; business planning; developing
marketing support

2. Do what matters (explore)

3. Do it together (work together)

4. Do it now (create)

5. Do more of it (scale up)

6. Do inspire others (share) Public presentation; sharing project outcomes and stories

7. Do it because you can (sensitise) Awareness of a social problem; motivation to address it
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The DOIT programme began with sensitisation activities, where students envisioned
potential roles in addressing SDG-related challenges within their own contexts. The
subsequent exploration phase encouraged students to investigate and identify a
challenge, followed by co-design activities to generate and refine innovative ideas
collaboratively. In the creation phase, teams prototyped initial versions of their ideas,
iterating to enhance their functionality. During the scaling-up phase, students
developed plans for implementing their final prototypes. Finally, in the outreach phase,
students tested the robustness of their designs with a broader audience and presented
their projects publicly (Rosa, 2017; Geser et al., 2019).

For example, students prototyped an alarm system to detect flooding risks from a
mountain creek or a machine that could repurpose waste into usable items. The
programme’s emphasis was less on achieving fully operational prototypes and more on
empowering students to conceive, believe in, and collaboratively work on tangible
representations of their ideas in a transdisciplinary, interdisciplinary and collaborative
way.

The DOIT programme was implemented across ten European countries, utilising both
school-based and extracurricular settings, often through pop-up makerspaces or
existing makerspaces, offering flexible, hands-on environments to cultivate young
students' social and entrepreneurial innovation skills (Geser et al., 2019).

Mapped against the Road-STEAMer criteria (Juillard & Aguirre, 2023), many of these
are fulfilled, according to a multi-expert rating (100 being the maximum score), as the
table below shows. The DOIT programme is one of 30 STEAM practices that were

mapped according to the Road-STEAMer criteria.
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Table 2. STEAM criteria applied to DOIT programme

Criterion Rating score DOIT programme — Justification of rating score

Collaboration 100/100 Facilitators: act as advisors or counsellors, collaboration
with external stakeholders is sought at different phases of
the DOIT programme
Tools used: maker technology, DIY learning, creative
practice, Environment

Disciplinary 85/100 Transdisciplinarity and interdisciplinarity: creativity & arts,

Inter- entrepreneurship, manufacturing, creativity, design

Relationships thinking, aesthetics

Thinking- 100/100 Allowing flexibility in the balance between thinking,

Making-Doing making, and doing aspects; critical learning, problem

(TMD) solving, active behaviour; observational skills, object-
based learning; environment

Creativity 100/100 Innovation, TMD, Interdisciplinary and collaborating
support

Real-world 85/100 Children were familiarised with SDGs and found related

Connection specific problem in their environment;
Technological/Entrepreneurship/Interdisciplinary  skills,
Personal development, uncertainty management, career
aspirations

Inclusion / 100/100 Increasing self-

Personalisation / expression/esteem/empowerment/confidence and

Empowerment wellbeing of participants, personal development,
broadening the mindset of participants, career aspirations

3.3 Transformative Social Innovation (Step 4): System assessment

In the fourth step, the transformative socially innovative practise is assessed and as
much as evidence would be needed for STEAM approaches overall, a systematic
assessment of all STEAM practices cannot be completed until STEAM practices are
adopted and implemented on bigger scale.

To provide evidence, the evaluation of single initiatives however can provide
empirical basis that is much needed for a discourse on educational policy level. Thus, in
the following with DOIT as an example for STEAM education, we will share the
evaluation results of the DOIT programme.

3.4 Instruments for data collection

To assess the DOIT programme's impact on participants, a one-group pre/post quasi-
experimental design was used, following the approach of Levine and Parkinson (2014),
though lacking a control group due to logistical challenges in schools and community

settings. This design tracks changes from pre- to post-test but cannot fully control for
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external influences, a common issue in quasi-experimental research (Bauman &
Nutbeam, 2013). Participants completing at least 15 hours were designated as the
experimental group, while those with fewer hours formed a comparison group.

Creativity was measured using the TCT-DP (Test for Creative Thinking-Drawing
Production) (Urban & Jellen, 2010), a standardised, culture-fair test with pre- and post-
test forms to control learning effects (Weiner et al.,, 2012). The TCT-DP assesses
creativity through various qualitative components (composition, unconventionality, and
risk-taking) without emphasising drawing skills and has been used in similar studies (e.g.,
Greb et al., 2007; Karwowski & Soszynski, 2008; Maksi¢ & Tenjovi¢, 2008).

For self-efficacy, an adapted 15-item questionnaire was developed, focusing on peer
relations, personal capability, and problem-solving, plus entrepreneurial intention,
drawing on various standardised instruments (Deusinger, 1986; Krampen, 1991; Midgley
etal., 1998; Seitz & Rausche, 2004). The EntreComp framework (Bacigalupo et al., 2016)
was also considered but did not align with the study’s younger age group. After pre-tests
with children, a 5-point Likert scale was selected, as visual scales created confusion,
corroborating Mellor and Moore’s (2014) findings. Translations underwent backward
translation to ensure accuracy and consistency across languages.

3.5. Sample: the DOIT programme participants

Between September 2018 and December 2019, overall, 1,002 children in ten European
countries participated in the DOIT programme. For the analysis of self-efficacy and
creativity, only participants with at least 15 hours of engagement and complete pre-and
post-test data were included, resulting in 759 self-efficacy and 618 creativity datasets.
Incomplete responses were excluded from the final analysis.

4. RESULTS

In the DOIT study, the TCT-DP creativity test was administered under controlled
conditions: participants were provided with only a pencil or black felt pen, with no
additional tools (e.g., erasers or rulers), and were given 15 minutes to complete their
drawings. Facilitators followed detailed instructions to standardise the environment,
which ensured consistency across different testing locations and contributed to the

reliability of the results. Each completed test was evaluated across 14 criteria, allowing
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a nuanced view of creativity dimensions from problem-solving approaches to aesthetic
organisation and originality in the drawings.

4.1 Key Results in Creativity Development

The analysis of pre- and post-test scores indicated an average increase of 1.59 points, a
statistically significant improvement, which underscores the positive impact of the DOIT
programme on participants’ creativity levels. When breaking down the analysis further
by demographic variables and programme settings, several patterns emerged:

Age Differences: The older age group (11-16 years) showed a significantly greater
increase in creativity scores than the younger age group (6—10 years), with effect sizes
indicating that older children, likely due to greater cognitive and emotional
development, could harness the DOIT programme's collaborative and problem-solving
aspects more effectively. For instance, while the younger group showed some creativity
gains, their improvements were less pronounced (Cohen’s d for the older group was
0.28 compared to 0.03 in the younger group). This finding aligns with research by Chan
and Zhao (2010) and Claxton et al. (2005), which suggests that older children benefit
more from creativity-stimulating interventions, as they are better equipped to engage
in complex problem-solving tasks and abstract thinking required in creative projects.

Gender Differences: Both male and female participants improved their scores;
however, the increase was notably higher for females. On average, females moved from
a mean score of 18.81 in the pre-test to 21.98 in the post-test, compared to males who
progressed from 18.73 to 19.68. The larger effect size for females (Cohen’s d = 0.28)
suggests that the DOIT programme may have provided a particularly supportive
environment for female students, enabling them to develop confidence in expressing
creativity within structured tasks, whereas males showed a smaller yet statistically
significant improvement (Cohen’sd = 0.12).

Setting (School vs. Extracurricular): Participants in school-based DOIT programmes
demonstrated a more substantial increase in creativity than those participating outside
school settings. In-school participants moved from an average of 18.42 in the pre-test
to 20.27 in the post-test, showing a Cohen’s d of 0.24. The extracurricular group,
however, displayed minimal gains, potentially reflecting a ceiling effect, as these

students had higher baseline creativity scores. The initial high scores could be due to
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self-selection, as children with a pre-existing interest in creative activities are more likely
to join non-mandatory, extracurricular programs (Wainer, 2000).

This setting-specific impact aligns with studies indicating that creativity can be
influenced by the learning environment and perceived peer support (Harkins, 2001). The
structured nature of school programmes, where creativity tasks are embedded within a
familiar learning environment, may create conditions conducive to creativity gains. In
contrast, the extracurricular group’s performance plateau suggests that a highly creative
baseline limits measurable improvements, especially in short-term interventions.

Analysis by Setting and Demographics: The data also revealed that the DOIT
programme was particularly effective in enhancing creativity when tailored to the
specific needs and dynamics of participants. In older students, especially females in
school-based programs, the structured, hands-on activities led to measurable increases
in creative thinking and originality. This is consistent with past findings that structured
environments can foster creative expression by providing both the tools and social
encouragement necessary for creativity, especially in demographic groups that may feel
less inclined toward expressive, hands-on tasks (Hwang, 2017).

In contrast, participants in extracurricular settings, despite initially higher creativity
levels, displayed less substantial growth, which could reflect a “ceiling effect,” a
common phenomenon where participants at the top end of a measurement scale have
limited room for improvement (Harkins, 2001). Therefore, this pattern reinforces the
importance of integrating creativity-fostering interventions within school settings,
where they can reach a broader demographic and achieve significant improvements.
4.2 Key Findings in Self-Efficacy Development

The analysis of self-efficacy results shows a statistically significant increase in overall
self-efficacy scores from the pre-test to the post-test, with an average improvement of
0.56 points. This shift indicates that the DOIT programme positively impacted
participants’ confidence and self-belief, crucial qualities for entrepreneurial and
problem-solving mindsets. When examining demographic and contextual differencesin
self-efficacy development, several insights emerged:

Age Differences: The younger age group (6—10 years) demonstrated a higher baseline

self-efficacy score in the pre-test compared to older participants, aligning with studies
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that suggest younger children often have more optimistic views of their capabilities
(Pajares & Urdan, 2006). Interestingly, while both age groups showed score increases,
the older age group (11-16 years) saw a more notable gain in self-efficacy from pre-test
(54.77) to post-test (55.25), with a statistically significant effect size (Cohen’s d = 0.07).
The younger group’s self-efficacy scores also improved, albeit less dramatically,
supporting findings that early self-efficacy perceptions can remain stable but also
benefit from reinforcement through hands-on, success-driven activities.

Gender Differences: The self-efficacy data revealed slight variationsin how males and
females responded to the DOIT programme. Initially, boys had a slightly higher average
score in the pre-test (55.44) compared to girls (54.50). While both groups showed
increased self-efficacy post-programme, the gain for boys (0.66 points, p < 0.01) was
more significant than for girls (0.41 points, p < 0.08). This could indicate that the
collaborative, maker-centred tasks resonated more strongly with boys in terms of self-
perceived competence in problem-solving, which is often emphasised in traditional
entrepreneurial education as well. However, girls’ scores increased significantly too,
underscoring the programme’s ability to enhance self-efficacy across genders.

Setting (School vs. Extracurricular): Participants involved in the DOIT programme
within a school setting demonstrated a modest increase in self-efficacy (53.79 pre-test
to 54.19 post-test). In contrast, those participating in extracurricular, voluntary settings
began with a notably higher baseline self-efficacy score (58.24) and showed a more
substantial improvement (to 59.26 post-test), with an effect size (Cohen’s d = 0.13)
indicating a significant impact. This pattern might reflect a positive self-selection bias in
extracurricular settings, where children with an existing interest or confidence in
project-based or maker activities chose to join. As with the creativity results, the high
initial score in these participants could suggest that extracurricular programmes draw
individuals who are already somewhat self-efficacious, and yet the programme further
reinforced this trait.

The DOIT programme’s results for creativity and self-efficacy were compared to a
guasi-control group of 27 participants who engaged in fewer than the required 15 hours

of the programme. This control group completed both pre- and post-tests but
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participated only minimally, which allowed a comparison to evaluate if the observed
improvements could be attributed to the programme rather than external factors.

For creativity, the experimental group (those completing at least 15 hours) showed a
statistically significant increase in TCT-DP scores from pre-test to post-test, with an
average gain of 1.59 points. In contrast, the control group’s creativity scores did not
increase significantly (p = 0.286), suggesting that the creativity gainsin the experimental
group were likely due to the programme’s interventions. This comparison reinforces
that the structured, maker-oriented activities in the DOIT programme contributed
meaningfully to creativity development.

In terms of self-efficacy, the experimental group also demonstrated a statistically
significant increase in overall scores, whereas the control group’s self-efficacy scores
remained largely unchanged (p = 0.724). This pattern indicates that the DOIT
programme’s activities positively influenced participants’ confidence and problem-
solving capabilities, supporting the effectiveness of the programme in bolstering self-
efficacy.

The lack of significant score changes in the control group supports the conclusion that
the DOIT programme’s effects on creativity and self-efficacy were not due to external
influences or the mere passage of time. Instead, these results suggest that the hands-
on, collaborative, and problem-solving activities intrinsic to the programme were
instrumental in driving measurable improvements in these entrepreneurial

competencies.

5. DISCUSSION AND CONCLUSION

While the DOIT programme refers to entrepreneurial education, many of the
programme elements have STEAM focus and, as the mapping exercise showed, the
STEAM criteria match the DOIT programme to a high extent.

The results confirm that the DOIT programme as an example of effective STEAM
education has a statistically significant effect on participants' creativity development,
with varying outcomes across age, gender, and programme setting. The findings suggest
that embedding maker education within formal school contexts may maximise creative

growth, particularly among older children and female students, who showed the most
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substantial gains. These insights point to the potential for maker education not only to
stimulate creativity but also to empower students by nurturing an environment that
encourages risk-taking, unconventional thinking, and collaborative problem-solving, all
crucial skills for STEAM careers.

These self-efficacy results emphasise that the DOIT programme’s combination of
maker and entrepreneurial education successfully supports skill development in key
self-efficacy areas. By increasing participants’ confidence in their capabilities and
problem-solving abilities, the programme contributes to foundational entrepreneurial
qualities, such as initiative, resilience, and adaptability. Interestingly, the lack of
significant improvement in peer-related self-efficacy suggests an area for future
programme enhancement. More explicitly collaborative or feedback-oriented activities
could help bolster peer confidence, potentially leading to more robust improvements in
this facet of self-efficacy.

5.1 Limitation of the study

While the DOIT programme provides valuable insights into the potential of STEAM
education, several limitations should be considered. First, the study used a quasi-
experimental design without a control group in the stricter sense due to logistical
constraints, limiting the ability to attribute all observed effects exclusively to the
programme. Although a quasi-control group was included, further randomised
controlled studies could strengthen the causal claims. Additionally, the study relied
partly on self-reported measures, which may introduce bias, particularly in assessing
self-efficacy. The short duration of the intervention also limits insights into long-term
impacts on creativity and self-efficacy, calling for longitudinal studies to evaluate
sustained effects over time. Finally, while the DOIT programme spanned multiple
countries, variations in implementation across different educational and cultural
contexts could affect comparability and generalisability.

The DOIT programme’s findings on creativity and self-efficacy growth underscore the
critical role of integrated STEAM education in cultivating skills vital for both personal and
societal development. This section discusses the implications of these findings for
STEAM education policy, especially considering the transformative social innovation

potential of STEAM for fostering inclusive and innovative learning environments.

Creativity and Educational Innovation Review N28 — 2024- ISSN 2603-6061 — DOI 10.7203/CREATIVITY.8.29743



Articulo

5.2 Rethinking STEAM Integration for Broader Educational Impact

The DOIT programme’s impact on creativity and self-efficacy highlights STEAM’s
potential to bridge the gap between technical and soft skills, essential for addressing
today’s complex societal issues. The significant improvements in creativity and problem-
solving among participants reinforce the importance of arts integration in STEM,
underscoring the need for STEAM approaches that go beyond simply making STEM
subjects more appealing. For policy, this suggests the necessity of framing STEAM not
merely as a strategy to attract diverse students but as a core approach to develop well-
rounded, adaptable thinkers capable of innovative and ethical decision-making.

5.3 Fostering Equity and Inclusion in STEAM Education

The results show that structured, school-based STEAM initiatives, like those in the DOIT
programme, were particularly effective in supporting the creativity and self-efficacy of
traditionally underrepresented groups, including female students. This finding aligns
with studies that emphasise the importance of inclusive pedagogies and diverse role
models within STEAM fields (e.g. Makarova et al., 2019). Policy initiatives should thus
prioritise equitable access to STEAM education, ensuring resources and support for
schools and educators to embed arts-driven creativity within STEM, especially in under-
resourced or socio-economically challenged regions.

5.4 Strengthening Teacher Support for STEAM Implementation

To effectively integrate STEAM practices, educators need robust training and ongoing
support. Policies should focus on developing teacher training programmes that
emphasise interdisciplinary teaching methods and STEAM-focused professional
development. The DOIT programme’s structured, hands-on learning modules highlight
the effectiveness of programmes that guide teachers in using active, student-centred
learning strategies. Moreover, encouraging educators to view arts and creative
approaches not as supplementary but as essential for fostering creativity in scientific
and technical disciplines can amplify the benefits of STEAM for diverse learners.

5.5 Long-Term STEAM Policy Commitments

Sustainable STEAM initiatives require consistent policy backing and funding. While
projects like DOIT have demonstrated impact, a broader policy commitment is essential

to ensure that such programmes can be scaled and sustained. National and regional
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educational policies should create frameworks that support STEAM education long-term,
integrating it into core curricula rather than positioning it as an extracurricular or
experimental approach. Additionally, supporting research and data collection on STEAM
outcomes can help to build the evidence base needed to refine and advocate for STEAM
policy.

5.6 Promoting Real-World Connection and Social Innovation in STEAM

By encouraging students to engage with real-world issues, STEAM education can foster
social innovation skills and empower students to become proactive, engaged citizens.
The DOIT programme’s focus on addressing sustainable development goals
demonstrates the value of connecting STEAM education to global issues such as climate
change, public health, and social equity. Policies should incentivise STEAM curricula that
incorporate these elements, emphasising problem-based learning and student-led
projects that are closely linked to real-world contexts.

5.7 Further research

To build on the findings of the DOIT programme, future research should focus on larger-
scale studies with controlled designs that compare STEAM education outcomes across
diverse educational settings and demographic groups. Longitudinal studies tracking
students’ development over time would be valuable for assessing the sustained impact
of STEAM interventions on creativity, problem-solving, and self-efficacy. Further
research could also explore specific elements of the "A" in STEAM, identifying which
aspects of arts integration as defined in Road-STEAMer’s criteria for STEAM most
effectively foster inclusive learning and skill development. Additionally, studies that
examine the broader societal impacts of STEAM education, particularly in preparing
students for future digital and socio-economic challenges, could inform policy to ensure
that STEAM approaches meet both educational and societal needs comprehensively.
5.8 Conclusion

The DOIT programme serves as a strong example of how structured, arts-integrated
STEM education can yield positive outcomes in creativity and self-efficacy. However,
broader adoption of such STEAM initiatives across educational systems will require
targeted policy changes, including dedicated funding, equitable access, and teacher

support. As policymakers aim to foster a future-ready workforce, STEAM should be
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central to strategies aimed at preparing students not only for evolving job markets but

also for active and informed citizenship.
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ANNEX
MName
Date Entrepreneurial skills
for young social inmovators
Workshop in an open digital world
Location
Please read each question carefully and indicate what applies to you.
; ; rathar Y&
i not at all i
Question, REbSLOR, undscldRd el totally
- - 0 + +
Are you afraid of doing things
1
yau have never dons before? 0 0 0 0 0
Are you as clever as other girls
2 ! . o) o 0 0 o
and boys?
Can you do most things without
3
the help of others? o o o o o
Do you know which things you
a Y E=Y o) 0 0 0 0
can do well?
Can you do a task even if it is
5 " 0 0 0 0 0
hard?
Can you do as much az other
8 e o) o 0 0 o
girls and boys?
Do other children know more
7 o 0 O o 8]
than you?
Can you do most things as lom
3 It ;NS == ane o) o 0 0 o
25 you do not give up?
Are you afraid of deing trick
3 b S 0 0 0 0 0
things?
Do you often succeed better
io
than others? o o o o o
Can you figure out new things
11 you e e 0 0 0 0 0
aven if they are very tricky?
Do you prefer trying new things
iz
to things you are used to? o 0 0 0 0
Can you learn new things that
13 " = o o 0 o o
are shown to you?
Do other girls and boys often
14
have better ideas than you? o o o o o
Da you prefer not to learn man
15 vene " o o 0 o o
new things?
THAMNEK
Yo
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