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Introduction

STEM disciplines (Science, Technology, Engineering, and Mathematics) are essential for solving the
world’s most pressing problems, from climate change to healthcare. Indeed, STEM skills are in high
demand and STEM jobs are some of the fastest-growing and highest-paying in the global economy.
Unfortunately, there is a deep-rooted underrepresentation of women in STEM professions and
education, and in general a lack of diversity in STEM fields.

Despite progress in gender equity and growing awareness over the last decade, the
underrepresentation of women in the Science, Technology, Engineering, and Mathematics (STEM)
fields continues to persist. In 2023, the gender gap in STEM remained significant, with women
making up only 17% of the STEM workforce in the European Union (Piloto, 2023).

This is undesirable from multiple viewpoints. Progress is only made on questions that scientists
think to ask and these questions are strongly influenced by our backgrounds and identities. If we
want science to address the whole natural world and problems that affect all sorts of people, then
we need all sorts of people to be able to participate in science to be able to tackle all-concerting
challenges (UnderstandingScience.org, 2022).

Supporting gender equality and diversity in STEM is therefore pivotal not only because everyone
deserves to be able to pursue their curiosity and have an opportunity to fulfil their potential,
but also because we all stand to benefit from science, informed and pushed forward by diverse
perspectives. Moreover, STEM education helps develop critical thinking, problem-solving, and
analytical skills which are essential for success in any field of work and life.

The gender gap in STEM has been attributed to several long-standing and deeply entrenched
realities, including the persisting stereotypes and lack of female role models. Many still associate
the STEM fields with masculine qualities and most of the STEM success stories represent male
individuals, which leads to perpetuation of stereotypes that can discourage girls and women
from pursuing STEM education and careers, and makes it harder for them to find role models and
mentors in the field. (Piloto, 2023)

To encourage girls” interest and participation in STEM, the STEAM Tales project will showcase
positive female role models such as scientists, engineers, and mathematicians to help deconstruct
stereotypes, and create learning opportunities for girls in an inclusive learning environment,
and encouraging girls of all backgrounds to pursue STEM careers and fulfil their full potential in
STEM.

Eventhough STEM education is becoming of central interest in European education, some teachers
may encounter difficulties in encouraging pupils’ interest in STEM subjects and explaining the
importance of STEM fields to children. In fact, STEM subjects are often seen as highly theoretical
and children typically start learning STEM too late in their school years. According to research,
children recognise their STEM-related interests and occupations as early as in primary school,



when they are just starting to build their own identities and making choices for their careers in
the future (Archer et al., 2010). In addition, children who received a high-quality STEM education
in elementary school and found science subjects fascinating and engaging were more likely to
continue to study and explore science later (N.S.T. Association et al., 2018 in Norismiza, Kalsom,
2023).

To support the early introduction of STEAM concepts in an interest-stimulating way, this project
promotes the use of storytelling as a method of presenting STEAM topics in a way that younger
children (6 to 9 years old) can easily relate to. By adding creative elements and hands-on
experiments, STEM education can be made more engaging and fun.






Chapter 1: Understanding the STEAM and

Storytelling Approach

What is STEAM? (Science, Technology, Engineering, Arts, and
Mathematics)

The National Science Foundation (NSF), a US agency dedicated to science and engineering
education and research, coined the abbreviation SMET (science, mathematics, engineering,
and technology) in the early 1990s. It was later changed to STEM (science, technology,
engineering, and mathematics) for phonetic reasons. The goal of this approach was to enhance
academic proficiency in these fields, elevating the workforce’s quality, and improving the nation’s
competitiveness (Baptista, 2023). The improvement of the nation’s workforce would allow the
economy to develop and grow, and create professionals who would excel in their fields, leading to
breakthroughs in the nation’s science.

Since then, STEM has significantly gained momentum andis defined broadly by NSF,encompassing
not only the conventional categories of mathematics, natural sciences, engineering,
computer, and information sciences, but also social sciences such as psychology, economics,
sociology, and political sciences. It has expanded on an international level and gradually through
significant investment from government entities to attract young people to these fields, increase
the literacy and improve the economic value of the country (Aguilera & Ortiz-Revilla, 2021; Breiner
et al,, 2012; Martin-Paez et al., 2019).

STEM education is conceptualised diversely due to scientific, academic, educational, and political
context, as well as geographic location, and its limited theoretical foundation. The broad range
of STEM educational definitions also varies in meaning, which indicates the early stage of
development of STEM education (Aguilera & Ortiz-Revilla, 2021; Martin-Paez et al., 2019). Aguilera
and Ortiz-Revilla (2021) identify that the ambiguity in the STEM approach is significant, but four
definitions can be presented, at the moment:

1. Resolution of problems based on concepts and procedures from science and mathematics,
which incorporates the strategies of engineering and the use of technology.

2. An engineer-arts approach that integrates two or more STEM areas and one or more
curricular subjects.

3. Content from two or more STEM domains, framed within a real context connecting the
subject matter with the daily life of the student

4. A meta discipline based on learning standards where the teaching has an integrated
approach, the specific content of this discipline is not divided, and it uses dynamic and fluid
instruction methods.
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STEM literacy includes conceptual understanding and procedural skills, and for individuals to
address STEM-related personal, social, and global issues. STEM literacy involves the integration of
STEM disciplines; acquiring scientific, technological, engineering, and mathematical knowledge
and using that knowledge to identify issues in daily and professional life. The effect of STEM
disciplines on our material, intellectual, and cultural world can be recognized by the
development of the abilities associated with inquiry, design, and analysis that enable the
creation of engaged, concerned, effective, and constructive citizens (Aguilera & Ortiz-Revilla,
2021; Margot & Kettler, 2019; Perales & Arostegui, 2021).

Due to the adoption of a STEM approach, a considerable number of pupils have received scientific
training at school rather than artistic training, and this has an impact on pupils’learning because
they are biased into a less holistic view of the world (Braund & Reiss, 2019). Georgette Yakman,
an engineer and technology teacher proposed, in 2006, an even more open definition including
the possibility of integrating the STEM domains with other curricular subjects such as arts,
language, history and humanities, and the acronym STEM has evolved into STEAM to include
arts in the educational model. It emerged as a new pedagogy during the Americans for the Arts
National Policy Roundtable debate in 2007. This approach to curriculum integrates art with
other areas (Singh, 2021; Stewart et al., 2019) and aims to enhance learning through fostering
creativity, critical thinking, innovation, collaboration, spatial divergent, and abstract
thinking, openness to new experiences and curiosity, as well as developing interpersonal
communication and writing skills simultaneously. This approach is considered a well-rounded
approach (Wannapiroon & Petsangsri, 2020).



The STEAM approach helps to create scientific training and knowledge with personal meaning and
helps develop self-motivation. An integration of arts aims to give a more holistic view of day-to-day life
(Aguilera & Ortiz-Revilla, 2021; Wannapiroon & Petsangsri, 2020).

Nevertheless, this acronym presents the same problem as the STEM acronym, the multiple
meanings:

Yakmanand Lee (2012) defined STEAM education as theinterpretation of scienceand technology
through engineering and arts, all based on mathematical elements;

Zamorano and collaborators (2019) defined STEAM as the interdisciplinary integration of
sciences, technology, engineering, the arts, and mathematics for the resolution of the daily
life problems of students.

The STEAM approach means incorporating critical thinking and applied arts into real-world situations

and its goal is to develop true innovations that result from combining the minds of scientists and artists.

This integration addresses the demand to provide upcoming generations with a
comprehensive education, developing individuals as science and technology experts, while
also nurturing professionals in the arts, humanities, and social sciences. It is a disciplinary fusion
expressed through multidisciplinarity, interdisciplinarity, and transdisciplinarity, three forms
of cross-disciplinarity, and arts integration (Borda et al., 2020).

Here, it is important to define the terms from the cross-disciplinarity: multidisciplinarity, interdisciplinar-
ity, and transdisciplinarity, in order to identify their similarities and differences: multidisciplinarity refers
to the existence of different disciplines in the same space; interdisciplinarity refers to the existence of dif-
ferent disciplines in the same space and their dialogue and collaboration; and transdisciplinarity refers to
the existence of different disciplines in the same space and their dialogue and collaboration in integrated
learning (Choi & Pak, 2006).

With that in mind, STEAM education involves combining scientific, technological, artistic, and
humanistic skills, progressing from interdisciplinary to transdisciplinary integration. This
approach merges the divergent thinking and the convergent thinking (Aguilera & Ortiz-Revilla,
2021; Bevan et al,, 2019; Braund & Reiss, 2019; Rosin et al., 2021).

STEM/STEAM education is characterised by the articulation of the areas (science, technology,
engineering, arts, and mathematics), in an integrated way, at the interdisciplinary and
transdisciplinary level; encouraging students to investigate these fields and pursue STEM
professions; STEM/STEAM education focuses on real-world contexts and complex everyday
problems. Aligned with these characteristics, innovative learning scenarios are utilised,
incorporating methodologies to foster the development of transversal skills, like critical thinking,
creativity, communication, and collaboration defined in the 2030 Agenda (Margot & Kettler, 2019).



Why STEAM Education Matters

STEAM education fosters transversal thinking, empowering individuals to create personal
meaningintheface of challenges and questions, and motivating self-growth (Aguilera & Ortiz-
Revilla, 2021). The objectives of STEAM education encompass advancing and developing STEAM
literacy, fostering 21 century competencies among students, preparing a STEAM workforce,
creating the ability to make connections between STEM disciplines, and generating interest and
engagement in these fields (Margot & Kettler, 2019).

g

The 215 century is a century of skills and abilities. School is a response to societal, technological,
and economic development. here is a set of key skills for the 21t century:

« problem-solving ability,
« metacognition,

« creative thinking,

« self-efficacy,

« motivation,

« perseverance,

« conscientiousness.

Therefore, the curriculum, content, and evaluation should evolve based on the required skills of
the century. The field of education is constantly exploring new strategies to empower students
with these skills and knowledge, and there is a growing emphasis on STEM/STEAM education
promoting their literacy for its ability to build successful innovators and creators (Singh, 2021).
STEAM education is crucial for nurturing the skills and competencies required by 21 century
youth in the workforce. The development and implementation of STEAM education will prepare
youth for the future and the development of the economy (Margot & Kettler, 2019; Singh, 2021).



STEAM education in
primary schools

The implementation
of a STEAM education
approach facilitates the
development of students’
talents in science,
technology, engineering,

and mathematics.

It provides the necessary opportunities, support, and experiences for students to reach their full
potential. This approach involves students working as professionals within the fields of science,
technology, engineering, and mathematics to solve real-world problems that they are interested
in. This leads to a deeper understanding of the content while tackling ill-defined problems (Margot
& Kettler, 2019).

Zollman (2012) states that to contribute to STEM literacy for learning, we should consider the
curriculum and the teacher. STEM should be seen as a discipline based on the integration of other
disciplines; content and pedagogy must be blended in this approach; there is a greater emphasis
on supporting a student’s learning; student attitudes, beliefs, self-esteem, confidence, and
motivation must be considered; a student’s self-identity must be nurtured; and a student must be
able to use STEM technologies autonomously and efficiently.

Although STEAM education is not the main approach of curricular programs in Germany, Italy,
Portugal, Slovenia, and Belgium, it is indirectly included in education systems. The subjects and

curriculum present an interdisciplinary approach, in general.




In Germany, Italy, Portugal, Slovenia, and Belgium, the formal education of primary school curricula
include subjects that demonstrate close links with the various letters of the STEAM approach.
An analysis of the curricula reveals a cross-curricular focus on interdisciplinary dynamics, critical
thinking, abstract thinking, inquiry-based and problem-based learning, the development of
transversal and life-long skills for active citizenship, understanding real-life experiences, the use
of digital technologies, contextualization, experimentation, collaboration, and the articulation of
knowledge to promote new learning.

In non-formal education, several activities have been developed to foster the use of the STEAM
approach. For example:

« Germany: activities of student laboratories, STEM camps, student research centres, industry
partnerships

« Italy: STEAM projects and laboratories like the “In2Steam” and the “STEM*Lab”

« Portugal: activities for curricular enrichment (AEC), activities of the educational teams of
the Ciéncia Viva network centres, activities available at scientific museums, research centres,
universities

« Slovenia: activities and workshops like the platform for teachers “steamcolab’,
“Technophobia is Not for Women” for promotion of science and technology to girls

« Belgium: activities available at scientific museums, workshops, and laboratories, and a
week of STEAM activities for teachers organised by La Sciensothéque and the Ministry of
Education.

However, some problems are identified: the lack of formation of the teachers, the lack of time, the
lack of materials and the disinterest of the students, especially girls.

The Role of Transversal Skills: (4C’s: communication, collaboration,
critical thinking and creativity) in STEAM

When analysing the transversal competences defined by the 2030 Agenda by UNESCO (2017) and
the assumptions of the STEAM approach, an overlap is identified, the 4 Cs: Communication, Critical
Thinking, Creativity and Collaboration, to help build citizens better prepared for the challenges of
today’s world. These transversal competences are closely linked to the STEAM approach.

This integration aims to provide future generations with a more comprehensive education,
preparing individuals better for the digital world we live in. It combines multidisciplinary,
interdisciplinary, transdisciplinary, cross-disciplinary, and artistic approaches. This
approach combines the divergent thinking of artistic disciplines with the convergent thinking
that characterises STEM disciplines. It encourages individuals to connect their passions (Perales &
Aréstegui, 2021; Singh, 2021; Taylor, 2016).



As transversal competences are crucial for living in today’s society, it is important to promote the
implementation of more STEAM initiatives. This will foster students’ interest in these areas and
better prepare future generations for the challenges of the modern world (Singh, 2021; Taylor,
2016).

Storytelling in STEAM education

Storytelling has been
implementedasastrategy
to entertain the children
in the classroom and to
teach the concepts of the
different subjects. The
potency of storytelling
is linked to both
cognitive and affective-
motivational factors.
The act of listening
to stories can foster

improved motivation and
emotional engagement
in students and exposing them to STEM stories enables them to recognise the pertinence of
STEM and thereby increase their overall engagement and interest in STEM subjects (Barchas-
Lichtenstein etal., 2023). Storytelling can be a useful strategy for illustrating scientific concepts. This
is due to the memorable nature of stories, which can help to link theory to practise. Additionally,
storytelling can provide opportunities for students to relate to different points of view.

As Bostrom (2006) argues, storytelling is a narrative strategy used in context-based and
problem-based learning and the storyline method.

Rowcliffe (2004) demonstrated how storytelling can be used in science education to present scientific
problems, explain complex processes, incorporate real-life scientific issues from everyday life, and include
historical contexts to provide mental triggers that support memory or provide entertainment to make
students emotionally involved.

Storytelling is an effective approach for students to develop their understanding of science due to
the intrinsic nature of learning through storytelling. It directs attention, provokes emotions, and
stimulates understanding (Gouvéa et al., 2019; Paiva et al., 2019).



Children develop two modes of thinking to make sense of the world: the sociological mode,
which processes information by abstracting it from context; and the narrative mode, which
is context dependent and relies on situation-based evidence. The narrative mode of thinking
represents the default mode of human thought, providing structure to reality and serving as the
underlying foundation for memory (Engel et al., 2018).In the context of science learning, presenting
new information in the form of stories about science, scientists and scientific discoveries further
supports a natural way of information processing for many students (Barchas-Lichtenstein et al.,
2023).

A narrative approach to science learning provides benefits beyond the acquisition of new
knowledge. Stories about science, scientists and scientific discoveries can have important positive
affectiveimpactsthatinspire future subject specificlearning.While more traditional communication
of scientific ideas may be boiled down to a handful of facts or a timeline of discoveries, a narrative
approach allows for the true excitement of curiosity to shine through, fuelling children’s
own curiosity and interest in the process (Gouvéa et al., 2019).

The introduction of stories in science education would increase the effectiveness of improving

children’s understanding of scientific concepts as well as promoting their positive attitudes
towards science.




Nowadays, there are three categories of storytelling in education: historical stories, imaginary
stories and personification stories.

« Historical stories consist of stories such as biographical narratives of scientists and their
work to stimulate children’s motivation and engagement in learning activities.

« Imaginative stories illustrate the sequence of events to directly address scientific concepts
to promote children’s understanding.

« Personification stories are stories that use certain story elements to describe scientific
concepts by assigning personal characteristics to the complex concepts of a scientific field
(Hu et al., 2021).

Storytelling is a successful approach in STEAM due to its unique ability to connect human emotions and
cognition, making science education more human centric.

Composing stories to explain abstract concepts vividly and creating memorable and interesting
learning experiences is a long and thoughtful process. For instance, a story in which we present a
complex conceptalong with children’s everyday life experiences makes them feel more connected
and enthusiastic about the concept and better visualise the knowledge being shared (Gouvéa et
al., 2019; Hu et al., 2021; Paiva et al., 2019).

Educationfaces many challenges and, with digitalisation and modernisation, increasingly demands
new and greater creativity. To establish stronger connections between everyday phenomena and
classroom activities, storytelling can and should be employed in a more holistic and effective

process (Paiva et al., 2019).




Benefits of STEAM Learning for Girls

Gender equality and education are both recognised as fundamental requirements for achieving
sustainable development on our planet. These issues are deemed so significant that they are listed
within the 2030 Agenda, both as distinct goals and as catalysts to facilitate the accomplishment
of the remaining objectives within the Agenda. UNESCO (2017) defined STEM education as a key
foundation of the 2030 Agenda, playing an essential role in transforming our planet.

According to UNESCO (2017), involving more girls in Science, Technology, Engineering, and Maths is
an integral part of the social development process. Women and girls are vital for implementing solu-
tions to achieve “green” growth and enhance lives in society.

AccordingtoCohenetal.(2021),STEMidentityincludesaspects of howindividuals perceive, position
and align with their conceptions of STEM based on their experiences with it, and identifies a link
between students with a strong STEM identity and enrolment in STEM courses. Female students
are underrepresented at the highest levels of STEM education and in the STEM workforce, and they
tend to see themselves less as STEM people. Factors that contribute to the development of a STEM
identity include encouraging role models, a supportive family environment, and positive learning
experiences. STEM experiences during the early formative years have been associated with
identity development. Beliefs about innate abilities emerge during the first years of life and are
related to participation in STEM.

Since girl students’beliefs in their STEM-related abilities begin to fade at an early age, it is important
to support girls with activities that are meaningful to them, both inside and outside the classroom.
This is not only important for their empowerment but also for disrupting power structures (Cohen
etal, 2021).



Chapter 2: Barriers Faced by Girls in STEAM

Gender equality is a basic human right (United Nations, 1948) that also stands as a cornerstone
for fostering prosperous and modern economies characterized by sustainable, and inclusive
growth. The idea behind gender equality goes beyond the concept of fairness; it’s about creating
an environment where both men and women can contribute fully to various spheres of life,
including at home, in the workplace, and in public, leading to the enhancement of societies and
economies as well as fulfilling individual potential and achieving personal wellbeing. The principle
is also recognized as a universal basis of sustainable development in the UN Agenda 2030 (SDG5)
which urges to eliminate gender disparities.

Despite progress in education, gender differences persist globally. In OECD countries, girls are
generally achieving higher educational levels than their male counterparts, yet they continue to
face challenges in participating in Science, Technology, Engineering, and Mathematics (STEM)
studies resulting in an evident gender gap.

The aim of this chapter is to provide a picture of women’s underrepresentation in the STEM field
and shed some light to the root causes of barriers faced by females in STEM that lead to gender
disbalance.

We will first start with a brief overview of STEM education and gender disparities in consortium

countries




National context in partner countries
In 2022, there were almost 7.3 million female scientists and engineers in the EU (41% of the

workforce). Women working as scientists and engineers were, however, primarily employed in
the service sector, comprising 46% (Eurostat, 2024)

Scientists and engineers in the EU
(2022: in million; % of the total)
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Despite differences between European countries and regions, the gender gap is still evident in
STEM education and fields.

million
women
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Fig.1 Eurostat, 2024

Germany

In Germany, gender disparities persist in STEM education due to historical stereotypes and a lack
of female role models, among others, discouraging women from pursuing STEM fields (Klemm,
K. 2022, pp. 10-11). The MINT Nachwuchsbarometer 2023 report revealed that in dual STEM
study programs only around 20% of participants are women. The situation is even worse in dual
STEM apprenticeships where the percentage of women is only 12% (p. 18). According to Destatis
- Federal Statistical Office of Germany (2023), during the winter semester of 2022/2023, females
represented only a mere 32.4% of the total STEM student population enrolled in higher education
institutions. When it comes to STEM professions, statistics also show that men outnumber women
in STEM fields. In the third quarter of 2022, only 16% of all employees subject to social insurance
contributions in STEM occupations were women (Anger et al., 2023, p.33).



Slovenia

In Slovenia, there is a relatively high proportion of female STEM graduates in comparison to other
European countries, however, gender disparities in STEM education and professions still persist.

While one in every three girls in Slovenia studies STEM subjects, there is still a significant
gender gap when compared to boys (Digital Skills and Jobs Platform of the European Union, 2022).
Women are particularly underrepresented at the tertiary level in engineering, manufacturing,
construction, and information and communication technologies (ICT), with only 23% of newly
admitted students in engineering, manufacturing, and construction programmes being women,
and 16% in ICT programmes (OECD, 2021). Gender stereotypes and unconscious bias continue to
limit women'’s advancement in scientific and technical fields in Slovenia, particularly at the senior
level (STA, 2020). In STEM professions, women are underrepresented especially in engineering,
manufacturing, construction, and information and communication technology (Education and
Training Monitor, 2020). Moreover, women with tertiary education earn 83% as much as men with
comparable education (OECD, 2021).

Italy

In Italy, the proportion of upper secondary and post-secondary non-tertiary vocational graduates
in the field of STEM is one of the highest among OECD and partner countries (OECD, Education
GPS 2023).

However, data clearly show a gap between men’s and women'’s participation rate in STEM higher
education. Women make up more than half of tertiary graduates (58.4%), but only 8.8% have a
STEM degree. Especially, the share of graduates in information and communication technologies is
particularly low, at just 1.4% compared to the EU average of 3.9% (Education and Training Monitor,
2022). Even though the gender gap in Italian university programs seems to be experiencing a
contraction, it is noticeable that the proportion of females is still lower than males. This scenario
even worsens in professional environments, where another fraction of female STEM-graduates
drops out from STEM jobs or accepts jobs for which they are overqualified due to difficulties
connected to the need to care for their families. Considering that STEM degrees typically lead to
higher-paying jobs, this gap in STEM degrees and careers adds persisting gender pay gap, which is
the difference in average gross hourly earnings between women and men (Di Cagno, 2021).

Portugal

In Portugal, gender disparities exist in scientific and technological fields of interest and career
aspirations among high-achieving students. The PISA 2018 - Portugal (Lourenco et al., 2019),
highlights significant discrepancies, where one in two boys (48%) aim to pursue science and
engineering professions compared to just one in seven girls (15%). This is a trend that is also
observed in other countries, but not at such high levels, with around one in four boys aspiring to



these careers (Fernandes et al., 2019; Lourenco et al., 2019). Nevertheless, it is noteworthy that most
higher education students in Portugal are women (Farias, 2021), and the country has achieved
significant progress towards gender equality in education. According to the International Labour
Organization (ILO), in Portugal, 38% of STEM graduates are female. While 44% of those employed
in STEM occupations in Portugal are women, this figure only represents 12% of the total workforce.
Notably, upon conducting a thorough analysis of the STEM sector, Science and Maths professions
may exhibit higher rates of feminization, while Engineering and Technology careers may have
lower levels of female representation (ILOSTAT, 2020). The case-study conducted by Olmedo-Torre
et al. (2018) show that women are still significantly underrepresented in engineering fields and
that it may be more difficult for them to conciliate academic workload with other spheres of life
than for male students.

Belgium

In Belgium, women outnumber men in three sectors of higher education: humanities and
social sciences, health sciences and the arts. Conversely, they are underrepresented in science
and technology (STEM) courses. According to Eurostat, the data for 2020 show that Belgium had
a proportion of 22.8 male STEM graduates out of 1,000 and only 8.4 women out of 1,000 aged
between 20 and 29 have a degree of this type. In Belgium, men are more likely than women to
have digital skills. The proportion of men and women working as ICT specialists highlights a rather
marked gender disparity. According to the results published in 2021, 8.6% of working men aged
16 to 74 are ICT specialists in Belgium. For women, this percentage falls to just 2.4%. In 2020, the six
French-speaking universities in Belgium awarded 1,800 degrees in these fields, which represented
only 23% of the 7,700 Master’s degrees awarded that year. Women account for only about a third
of STEM Master’s graduates in the Wallonia-Brussels Federation. In the IT sector, they account for
only 17% of all graduates.

As demonstrated, female underrepresentation in STEM education and profession is common
within the consortium countries, where data related to STEM subjects are marked by substantial
differences in career aspirations, with a higher percentage of boys aspiring to science and
engineering professions compared to girls (Lourenco et al., 2019; Van Laetehm & Verstraete, 2018;
Education and Training Monitor, 2022; Mint Nachwuchsbarometer 2023, OECD 2022). The evident
underrepresentation of women in these fields further feeds the challenge of attaining gender

balance in STEM professions.




Gender disparities in STEM fields

Women in western civilization were traditionally assigned the role of managing domestic and
family related duties, while men were presumed to be primary providers. This brought more
burdens on women in today’s society as they need to consider the balance between family life
and career more often than their male counterparts. (Corbett & Hill, 2015) According to a survey
(Simard et al., 2008), women were more inclined to postpone or even to renounce marriage and
parenthood due to work-related demands. In addition, in fields marked by extended working
hours such as engineering and technology, women with children are more likely to leave their
employment. For instance, in Italy, almost one in five women no longer works after the birth of a
child, which is approximately 18% of all working women. Most leave because they cannot balance
work and caring for their children (52%) (Bergamante & Mandrone, 2022). The long-standing
research confirms that when professional commitments clash with family responsibility, it's
predominantly women who are confronted with a situation demanding a difficult choice between
their career and family commitments (Corbett & Hill, 2015).

For girls and young women growing up in such a cultural and societal setting, their perception of
women’s position may constitute a precondition to move away from the field of STEM. Indeed, as
demonstrated above, statistical data from various European countries reveals a trend of gender
disparities in specific academic disciplines, such as physics, mathematics, statistics, ICT studies,
technology, and engineering. These fields show a significant underrepresentation of women,
highlighting the unequal gender distribution in higher education (European Institute of Gender
Equality, 2018).

In fact, the gender disparities in STEM professions and studies start much earlier in life. When
confronting the recently issued OECD PISA 2022 data, it is evident that the underrepresentation of women
and performance gap can be observed already in school education.

According to PISA 2022, boys generally outperformed girls in mathematics in most of OECD
countries, including partner countries, with some peaks of significant outperformance in Italy. Girls
also exhibit lower enrolment rates in technical and vocational programs and are less likely to pursue
experiences in potential careers through internships compared to boys (OECD, 2022). Disparities
in academic achievement between genders cannot be attributed to inherent abilities. Instead,
societal and cultural factors reinforce stereotypical attitudes and behaviours associated with
gender-related differences in student performance.

The PISA 2022 results also indicate that there has been no variation in the gender gap over the
past four years of analysis. Indeed, despite a decline in overall student performance attributed to
the COVID-19 pandemic, the decrease in performance has occurred both in boys and girls, resulting
in the gender performance gap remaining unchanged compared to the previous values of 2018.
Consequently, the performance of girls has continued to decrease, contributing to a widening of



the gender gap. Within EU countries, the gap either remained constant or widened. Germany, Italy,
and Portugal experienced a widening gap.

External barriers: discrimination and stereotypes

The underrepresentation of women in STEM education and professions has a damaging impact
on diversity, equality, creativity, and innovation in the workforce. There are several factors that
contribute to the gender gap in STEM fields. Gender-based discrimination and stereotypes that
discourage girls and women from pursuing STEM education and careers are some of the most
prominent.

Itis generally believed that girlsand women are moreinclined to study subjects related to people,
their care and education (Verdugo-Castro, 2022). However, itisimportant to underline that behind
statistics that confirm this belief, there are reasons which influence, modify or determine the
individual education and career choices, such as the immediate environment, including family
and societal expectations (Botella et al., 2019).

Gender roles, patterns, and stereotypes embedded in family and societies influence the educational
trajectories and career decisions of both boys and girls, as well as teaching methods, social norms and
personal beliefs (Farias, 2021).

Barriers for girls” full participation in STEM education and career can be thus of both external
and internal origin as discrimination can also be implicitly constructed in individual’'s mindset,
meaning that “much of our behavior is driven by stereotypes that operate automatically and,
therefore, unconsciously” (Corbett & Hill, 2015, p. 38).

Gender discrimination is the pivotal phenomenon which has historically been the reason for
women underrepresentation in scientific academic careers. Even today, throughout their
education, girls and women face many barriers which impede their participation in STEM fields
allowing them to achieve their potential (Ceci et al., 2014). One of the systemic root causes of the
gender gap, can be found in the education system and teaching approaches widely applied.
Some research (Gilligan, 1982; Belenky et al., 1986; Becker, 1995 in Bevan, 2001) suggest that girls
have traditionally been discriminated against in mathematics because of their preferred styles
of learning. It is argued that girls tend to be ‘connected’ thinkers who require the exploration of
context and interrelationships when encountering new mathematics. Head (1995 in Bevan 2001)
has proposed that girls prefer cooperative, supportive working environments whereas boys
work well in competitive, pressurized environments. Also, boys show greater adaptability to
more traditional approaches to learning which require memorizing abstract, unambiguous facts
andrules that have to be acquired quickly. On the other hand, girls do better than boys on sustained
tasks that are open-ended, process-based, related to realistic situations, and that require pupils to
think for themselves (Arnot et al., 1998 in Bevan, 2001).



In addition, gender stereotypes and biases are often implicitly imprinted in the educational curriculum
(Corbett & Hill, 2015), and the materials used within the educational system reinforce the stereotype
associating science primarily with men (Kerkhoven et al.,, 2016).

To bridge this gap, we need to focus on adapting the teaching approaches in Maths and other
STEM subjects as well as review and innovate teaching materials to favor girls” participation
and encourage their interest in STEAM. Teachers need to be highly competent in explaining the
importance of STEM to younger children, emphasising the practical use in contexts children are
familiar with, and stimulating pupils’genuine curiosity about STEM subjects. Thus, the presentation
of STEM disciplines as something highly theoretical must shift to a more tangible approach, making
them more relatable for both girls and boys.

The impact of stereotypes on individuals is not only shaped by the interactions within
formal learning settings but is also influenced by various factors spanning family and society
expectations, and encouragement (Sullivan et al., 2015). Gender stereotypes and biases are
intrinsically linked to societal root causes. Among the possible explanations, an example from
the engineering culture can be demonstrated. In the field of engineering, logical thinking tends
to be prioritised over critical thinking (Claris & Riley, 2012). For example, engineering students are
rarely prompted to reflect on the reasons behind their actions, the purpose of their work, and the
potential consequences of their decisions (Baillie & Levine, 2013), disengaging students in ethical
and social responsibilities in both academic and workplace settings (Cech, 2014). This cultural
aspect poses a particularly discouraging impact on women as they often express a preference for
work that holds a clear social purpose (Konrad et al., 2000). As pointed out by Yoder, improved
communication of the common goals in engineering and computing careers could potentially

lead to increased interest from girls and women in pursuing these fields (Yoder, 2013).




Another common factor that leads to systematic discrimination is related to the belief that the
scientific field is a masculine one. More specifically, women often contend with the stereotype
of being warm and commonly face discrimination as traits necessary for a positive perception
as a technical professional may contradict stereotypical expectations for women to be warm.
Consequently, women in technical roles may find it challenging to establish strong professional
identities and often feel the need to constantly prove themselves (Corbett & Hill, 2015).

Moreover, it is important to address the concept of microinequities, instances of gender-
biased behaviour that individuals, especially women, may encounter by the time they start
STEM education (Corbett & Hill, 2015). These instances manifest in various ways, including facial
expressions, gestures, tone of voice, and discrete actions, such as assigning tasks like note-taking
more frequently to women than to men (Bandura, 1997). Over time, the accumulation of these
“soft” inequalities, known as microinequities, has the potential to impact the self-concept of

students. This, in turn, may influence the career choices they make as they navigate their academic
and professional paths (Corbett & Hill, 2015).




Internal barriers: self-perception and stereotype threat

Gender biases play a significant role in shaping not only how individuals perceive and interact
with others but alsoin influencing their self-perception and actions. Starting from early childhood,
people are exposed to stereotypes that unconsciously guide their choices and behaviours,
directing them toward specific career paths while keeping them away from others. An example
is the development of implicit biases already in first grade, where children associate maths
predominantly with boys (Corbett & Hill, 2015). This can strongly impact later career choices, since
the orientation to gender roles is especially relevant for occupational preferences on ages six to
eight (Gottfredson, 1981).

The interplay between gender stereotypes and STEM education is strictly related to the concept
of stereotype threat.

The stereotype threat — a term coined by the researchers Claude Steele and Joshua Aronson in 1995
(Steele & Aronson, 1995) — is a social phenomenon defined as the perception of individuals’ feelings
about potentially confirming the negative stereotype associated with their respective social groups
(Cobertt and Hill, 2015).




Specifically, within the context of STEM, which has traditionally been associated as a masculine
domain (Borsotti, 2018), women may find themselves vulnerable to stereotype threat,
manifesting concerns and fear about potential rejection both in their academic and professional
careers within this field. According to a study conducted by Murphy et al. (2007), when female
STEM students perceive a significant gender imbalance in a scientific context, it negatively affects
their confidence, sense of belonging, and willingness to actively participate, increasing the
level of threat perceived compared to the group of women in a context of gender-balanced group
of students. The repercussions of stereotype threat in the STEM sector are serious and multiple,
leading to a significant lack of equal opportunities for girls and women which, despite their
performance, may doubt their abilities and competences, and their self-confidence in general
(Cheryan et al., 2017).

Lack of Female Role Models

Role models play a significant role in shaping motivational processes, providing guidance on
goals and pathways to success (Lockwood & Kunda, 1997). Furthermore, role model interventions
have proven effective in reducing concerns about representing one’s group in a stereotyped
domain, mitigating the stereotype threat (Dasgupta, 2011). Exposure to role models that one
can identify with enhances career motivation, identification, performance on exams, perceived
success, academic and career aspirations, and reduces implicit self-stereotyping (Ramsey et al.,
2013). Conversely, exposure to stereotypical male role models can lower women'’s interest,

belonging, and perceived success in STEM due to perceived dissimilarity (Cheryan et al., 2013).




Female role models have been identified as particularly effective in retaining female students
in STEM (Cheryan & Plaut, 2010; Steele, 1997). The absence of positive female role models can
contribute to the perception that STEM is not for girls.

Exposure to successful female role models counters negative stereotypes, demonstrating that individ-
uals “like them” can thrive in the field (Hill et al., 2010).

To attract more girls to STEM classrooms, educators should actively develop materials showcasing
images and profiles of female role models in the field, such as posters, flyers, and videos (Milgram,
2011). It is crucial for role models to convey that they have experienced challenges, making their

achievements more relatable (Lin-Siegler et al., 2016).




Chapter 3: Empowering Educators for STEAM
Learning

In the academic journey of STEAM education, teachers go beyond traditional subjects,
playing a pivotal role in developing students’ character-building skills with broad, practical
applications in the real world and life in general (Bertrand & Namukasa, 2020). In this sense,
this empowerment in the classroom is essential as it influences how students learn, fostering skills
crucial for personal, academic, and future professional growth.

Development of the 21¢ century skills

As discussed above, cultivating transferable skills, often referred to as 21st-century skills (Taylor,
2016), is vital to empower STEAM education in the classroom.

This approach equips pupils with soft skills such as collaboration, effective communication (oral and
written), curiosity, critical thinking, perseverance, and adaptability (Bertrand & Namukasa, 2020;
Scott-Barret et al., 2023).

By doing so, STEAM education prepares pupils “to deal positively and productively with 21st-
century global challenges that are impacting the economy, the natural environment, and our
diverse cultural heritage” (Taylor, 2016, p. 86). This strategic development of skills is fundamental
for navigating the complexities of the 21st century.
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In the intricate landscape of scientific and technological fields, educators play a pivotal role in
nurturing an environment that fosters an inquisitive mindset and sharp critical thinking
skills. This is achieved by creating opportunities for feedback, encouraging question-asking,
and establishing a psychologically safe space. Through these intentional measures, educators
enable students not only to navigate but also to excel in the complexities inherent in the STEAM
disciplines (Scott-Barret et al., 2023).

Collaboration stands out as another fundamental pillar emphasised in the literature on STEAM education
(Bertrand & Namukasa, 2020). Educators play an important role in designing activities that promote col-
laborative learning, whether through group projects, challenges, or assignments. By providing opportu-
nities for students to collaborate, educators actively contribute to the development of interpersonal skills
- qualities indispensable for effective teamwork.

Facilitating written and oral communication skills also plays an important role (Bertrand &
Namukasa, 2020; Huser et al., 2020). Teachers guide students in documenting their making
processes, expressing their thoughts verbally and in writing, and effectively communicating
theirideas. This emphasis on communication aligns with the broader goal of empowering students
to articulate their thoughts and share their learning experiences (Bertrand & Namukasa, 2020).

Perseverance and adaptability are also crucial skills developed through STEAM education.
Educators are encouraged to integrate diverse teaching strategies, such as the incorporation
of picture books, design-inquiry processes, and problem-solving activities into their
programs (Bertrand & Namukasa, 2020). This multifaceted approach not only exposes students
to assimilating STEAM principles but also instils in them the ability to embrace mistakes and
failures as integral components of the learning journey. Through these deliberate efforts, students
not only demonstrate increased perseverance and resilience but also develop a profound
understanding of the iterative nature of the creative and problem-solving processes (Scott-Barret
etal, 2023).

To assess a successful development of pupils” skills in STEAM education a holistic approach
assessment (Huser, 2020) is needed. Educators are encouraged to move beyond traditional,
standardised assessments and incorporate authentic assessments that mirror real-world tasks
and expectations (Chiangpradit,2023),and allow a more comprehensive understanding of students’
academic growth and achievements. According to Huser (2020), through these assessments,
teachers gain valuable insights into students’ problem-solving strategies, interpersonal skills, and

the application of content knowledge, contributing to a more significant understanding of their

progress.




In conclusion, the role of educators in STEAM education extends beyond traditional teaching
methodologies. Itinvolves fostering the development of transferable skills that equip students
for the complexities of the 21st century, implementing appealing assessment practices while
creating adynamic and gender-inclusive learning environment. Through intentional pedagogy
andacommitmentto holisticeducation, educators become facilitators forempowering students
not only with subject-specific knowledge but also with the skills and mindset necessary for success
in an ever-evolving world and, ultimately, make a meaningful impact on their community and the
world.

Girls’ participation in STEAM education

Despite significant progress in recent decades, the female proportion in STEAM remains
disproportionately low compared to their male counterparts. A report by UNESCO (2017)
underscores this imbalance stating that only a mere 28% of the world’s researchers today are
women and only 17 women have won a Nobel Prize in physics, chemistry, or medicine since
Marie Curie in 1903, in contrast to 572 men. This disparity has a profound impact and consequences
for both individuals and society, limiting opportunities for women and girls not only to develop
their capabilities but also to realise their full potential and contribute to a workforce that does not
reflect the diversity of the population. The consequences of the limited presence of girls in STEM

fields are noteworthy.




Girls not only lose opportunities to nurture their skills but also contribute to a shortage of diverse pro-
fessionals in vital sectors, impacting advancements in tackling global challenges such as climate change
and healthcare (UNICEF, 2020).

Beegle et al. (2020) points out that girls are more likely to be discouraged at a young age, with
societal norms directing boys toward activities that develop cognitive abilities essential for STEAM
fields. Acknowledging these challenges, UNICEF (2020) asserts that early exposure of STEAM
subjects, along with proactive encouragement and active participation, is crucial for building
the foundation of girls’ skills and sustained interest.

Asdemonstratedin the previous section, educators play a crucial role in creating such opportunities
for girls. These opportunities enable girls not only to explore a variety of STEM disciplines, allowing
them to discover their interests and passions, but also provide a spectrum of experiences that can
contribute to breaking down stereotypes and expanding girls’ perceptions of what is achievable
in STEAM fields (Beegle et al., 2020).

Given these circumstances, it becomes imperative for educators to actively engage girlsin STEAM
education. To be able to enhance girls’ engagement and encourage their active participation in
STEAM education, teachers and educators need to be aware of challenges and target them with
appropriate strategies and cultivate a more equitable and inclusive learning environment.

Gaps and obstacles to STEAM education

Teachers integrating the STEAM approach in primary school classes need to be able to recognize
the existing gaps and obstacles to effectively prevent them from hindering the application of this
approach.

One of the significant challenges often faced by educators is the lack of resources and
infrastructures. Many schools struggle with limited budgets, leaving them unable to provide
the necessary equipment, such as technological tools and software instrumental for some STEAM
practices (Jacques, 2017). Therefore, educators who want to inspire and facilitate hands-on learning
experiences and engaging lessons, often find themselves constrained by the lack of essential
tools and materials. UNICEF (2017) highlighted that “the availability of equipment, materials and
resources is essential to stimulate students’ interest, and enhance learning, in STEM subjects” (p.
54).

Furthermore, the current curricular frameworks often lack the necessary structure to prepare
educators to effectively deliver STEAM education. Traditional curricula tend to separate subjects
in silos, failing to highlight the interconnectedness of STEAM disciplines and their real-world
applications (Roehrig et al., 2021). This isolation can leave students feeling disconnected and
unable to see the relevance of what they are learning.



Thus, curriculashould beredesigned tobe moreinterdisciplinary and project-based, emphasising
real-world applications and thereby also fostering already described 21 century skills such as
critical thinking and problem-solving skills (Tytler & Self, 2020).

An update in the curricular framework is, therefore, necessary. However, this shift will require
collaboration between educators, curriculum developers, and subject matter experts to ensure
that the revised curriculum remains aligned with learning objectives and empowers students to
become active participants in their own learning.

In addition, school textbooks often reinforce
gender stereotypes in STEAM by portraying
male and female characters in traditional roles
(UNESCO, 2017). The underrepresentation of
female STEAM professionals and the use of
language and images that depict women in
stereotyped or subordinate positions can (also
unintentionally) may discourage girls from
pursuing STEM careers (for instance, male
doctors but female nurses). Teachers, therefore,
need to attentively consider materials they
present to pupils and use in classes, opting for
those promoting gender equality, showing that
both girls and boys are interested in and succeed
in mathematics, science, literature, history, and
other disciplines; school subjects are gender-
neutral. UNESCO provides a methodological
guide on promoting gender equality through
textbooks, including tools to evaluate gender
representation textbooks (Brugeilles, Cromer
2009).

On top of these challenges, there are limited professional development opportunities or lack
of depth and focus in those existing. This leads to lack of teachers” and educators” knowledge
and confidence in integrating STEAM approach in lesson plans, and hesitation about navigating
complex concepts, or trying specific software (Weng et al., 2020). Given the rapid advancements
in scientific knowledge and technology and growing need for widely applied STEAM education,
educators would greatly benefit from comprehensive and ongoing STEAM training (Dyer, 2017).

Finally, teachers need to be aware of social and cultural barriers that discourage girls and students
from diverse backgrounds from participation and engagement in STEAM education and careers
(see chapter 2). As a matter of fact, it is the role of the educators to actively dismantle these
barriers and create inclusive environments that nurture their curiosity and encourage all pupils
to reach their full potential.



One way to do so is by promoting female role models in STEM fields. By showcasing the diversity
and achievements of women and individuals that represent a range of genders, backgrounds,
and experiences, educators can inspire girls and help them envision themselves as future
scientists, engineers, and innovators (Sullivan, 2019b). Additionally, to enhance the impact and
establish a meaningful connection with female students, educators are also encouraged to
invite accomplished women scientists and engineers to visit the classroom and engage with
students directly (Sullivan, 2019b). This not only enriches the learning experience but also provides
inspiring role models for girls pursuing STEM fields.

By acknowledging and actively mitigating these gaps and obstacles teachers and educators
contribute significantly to a smoother integration of STEAM approach in classes and creating
both inclusive and stimulating educational environments that not only motivates girls to actively
participate but also empowers them to be part of this process.

Teachers’ awareness and competencies in STEAM education

Competent STEAM educators appreciate the value of interdisciplinary approaches in cultivating
a holistic comprehension of real-world challenges, as highlighted in initiatives from partner
countries (e.g., “STEAM-IT", “GoSTEM", In2Steam, CHOICE). Therefore, effective STEAM education
begins with teachers having a strong awareness of STEAM concepts and the skills necessary to
interconnect them with other subjects and with real world problems.

Educators are instrumental in creating an environment that stimulates students’natural curiosity and in
urging them to experiment with technology through play and discovery (Scott-Barrett et al., 2023).

Huser (2020) emphasises that for an educator to efficiently implement STEAM practices in the
classroom competencies such as interdisciplinary knowledge, pedagogical expertise,
assessment literacy and inclusive practices are required.

« Interdisciplinary knowledge: to make connections between different disciplines and
seamlessly integrate them into their lessons. This allows students to see how the subject’s
knowledge complement each other and apply it to solve real-world problems (Roehrig et
al., 2021).

« Pedagogical expertise: to implement effective teaching strategies such as inquiry-based
learning, project-based learning, and technology integration to engage students and
promote active learning. These strategies retain students’ interest and encourage critical
thinking, collaboration, and problem-solving skills (Scott-Barret et al., 2023).

« Assessment literacy: to assess student learning effectively, using a variety of formative
and summative assessments that go beyond traditional testing methods (Huser, 2020). This
allows educators to tailor their instruction to individual student needs and track progress
over time.


https://steamit.eun.org/
http://gostem.ie.ulisboa.pt/
https://in2steam.eu/
https://mooc.euchoice.eu/user/auth/login

« Inclusive practices:to create welcoming andinclusive learning environments that celebrate
diversity and ensure all students have equitable opportunities to learn and succeed in
STEAM. This involves addressing biases and stereotypes, providing non-formal instruction,
and fostering a supportive classroom community (Sullivan, 2019b).

The role of school

However, even the most motivated and enlightened teachers need support from their institutions.
In other words, not only individual teachers and educators but also schools are the key players in
integration of STEAM education and girls” engagement in it. Schools need to actively support
educators in gaining the required skills and understanding of STEAM’s importance. Therefore,
schools are pivotal in offering teachers the necessary training and resources for the effective
implementation of STEAM education. Such training and resources can address specific challenges
faced by educatorsin different contexts. The professional development not only provides educators
with essential content knowledge but also empowers them to deliver relevant and engaging
instruction aligned with the evolving demands of the STEM-driven world in the classroom (Dyer,
2017).

Increasing professional opportunities on STEAM for educators is, therefore, crucial for boosting
educators’ confidence in navigating complex concepts, using specific tools and software, and
seamlessly integrating hands-on activities into their teaching methods. On the other hand,
schools also need to create a culture that encourages collaboration, risk-taking, and innovation
in STEAM education. This can involve providing teachers with adequate time and resources
to develop and implement STEAM activities, fostering a supportive learning community, and
promoting gender equity.

In recognition of the pivotal role of teachers’awareness and competencies in STEAM education, education-
al institutions globally can implement targeted professional development initiatives, allocate more
funding to infrastructures and resources, and provide the time necessary for teachers” preparation.

Empowering teachers ensures that they, in turn, empower students to excel in the dynamic and intercon-
nected world of STEAM.




Free Online Resources for Teachers in the STEAM area

In the dynamic landscape of education, leveraging free online resources is a strategic approach
for educators aiming to enhance their competencies in STEAM education. These resources offer
valuable support, materials, and insights that contribute to effective teaching practices and
the creation of engaging STEAM learning environments. Below we propose some examples of
resources that serve as powerful tools, enhancing teaching practices and empowering primary
school educators to create engaging STEAM learning environments for their students.

e STEM Learning

STEM Learning is a resource hub for educators and individuals interested in STEAM. It
provides a vast collection of free-to-access and quality-assured digital resources to support
teaching and learning in STEM subjects, including primary and secondary education, cross-
curricular activities, and professional development material. All resources are reviewed
and approved by STEM Learning; a leading organisation dedicated to improving STEM
education in the UK.

« STEMfinity

STEMfinity is an online platform dedicated to providing free and readily available STEM
resources for educators, students, and parents alike. It is a one-stop shop for anyone seeking
to enhance their understanding and engagement in Science, Technology, Engineering, and
Mathematics. What sets STEMfinity apartisits focus on quality and accessibility. All resources
are carefully curated and reviewed by experts in the field, ensuring their educational value
and alignment with learning objectives. Additionally, everything offered on the website
is completely free, making it an invaluable resource for individuals and institutions with
limited budgets.

« NASA STEM Engagement

NASA provides a collection of free resources for educators through its STEM Engagement
platform. Lesson plans, activities, and multimedia resources allow teachers to integrate real-
world applications of STEM concepts into their classrooms. The platform covers a wide range
of topics, from space exploration to robotics, fostering students’interest and understanding
in various STEAM disciplines.

« Khan Academy

Khan Academy offers a comprehensive range of free online courses in mathematics, science,
programming, and more. The platform provides instructional videos, practice exercises,
and progress tracking, allowing educators to supplement their classroom teachings with
personalised and interactive resources.


https://www.stem.org.uk/resources
https://stemfinity.com/
https://www.nasa.gov/stem
https://www.khanacademy.org/

o PBS LearningMedia

PBS LearningMedia is an extensive digital library that offers free access to a wide range
of educational resources. Educators can find STEAM-focused lesson plans, videos, and
interactive activities designed to engage students and align with curriculum standards. The
platform caters to various grade levels, ensuring flexibility for diverse educational needs.

 TeachEngineering

TeachEngineeringis a digital library that provides educators with a wealth of free, standards-
aligned STEM lessons and hands-on activities. Developed by engineering faculty and
educators, the platform supports the integration of engineering principles into traditional
STEM subjects. Teachers can explore a variety of resources that promote experiential
learning and problem-solving.

o Google for Education

Google for Education offers a suite of free tools and resources for educators to enhance
collaboration, creativity, and communication in the classroom. Google’s Applied Digital
Skills provides lesson plans that integrate technology into various subjects, promoting
digital literacy and skill development. Additionally, Google Classroom facilitates streamlined
communication and assignment management.

o Scratch from MIT Media Lab

Scratch is a free programming language and online community developed by MIT Media
Lab. It allows educators to introduce coding concepts in a creative and interactive way.
Teachers can access a variety of free resources, including tutorials and project ideas, to
engage students in coding and computational thinking.

o National Geographic Education

National Geographic Education offers a range of free resources that connect STEAM subjects
with real-world exploration and discovery. Educators can access lesson plans, maps, and
multimedia content to integrate geography, science, and storytelling into their teaching
practices.

« Code.org

Code.org is a non-profit organisation that provides free coding resources for educators.
The platform offers curriculum, online courses, and coding activities suitable for various
grade levels. Teachers can equip students with essential coding skills while promoting
computational thinking and problem-solving.


https://www.pbslearningmedia.org/
https://www.teachengineering.org/
https://edu.google.com/
https://scratch.mit.edu/
https://education.nationalgeographic.org/
https://code.org/

STEM Teaching Tools

STEMTeachingTools, developed by the Institute for Science + Math Education, provides free
resources to support effective STEM teaching practices. Educators can access instructional
strategies, classroom scenarios, and toolkits that enhance the implementation of STEM
education.

MSAP Center

The MSAP Center STEM Resources website provides educators with a comprehensive and
user-friendly platform for exploring and integrating STEM into their curriculum. Categorised
by subject matter and resource type, the site offers a diverse range of materials, including
lesson plans, activities, games, videos, and quizzes. Notably, the website features a dedicated
areaforeducators, allowing themto register forafree accountand assign quizzes and games
to students, electronically reviewing their results for assessment purposes. Additionally,
the website offers resources specifically tailored for students, sparking their curiosity, and
fostering their interest in STEM fields through interactive learning experiences.

IN2STEAM project “Inspiring Next Generation of Girls through Inclusive STE(A)M Learning
in Primary Education ” - proposing STE(A)M learning applying art and design principles to
science education through gender-inclusive methods. Resources include an online training
curriculum and digital toolkit on STE(A)M learning for primary schools’teachers and trainers,
and a behavioural assessment model guiding teachers in pedagogical methods on how to
effectively measure behavioural change in pupils (in particular in girls) in primary school
using the projects tested approach towards STE(A)M.

GeoGebra - Free digital tools for class activities, graphing, geometry, collaborative
whiteboard and more to make Maths and Geometry more fun and practical. It also offers
ready-to-use maths resources for algebra, geometry, number sense, measurement,
operations, statistics and probability across grades 4-8 to enhance student exploration and
practice.

ESA - The European Space Agency Primary classroom resources cover a wide range of
curricular topics related to science, mathematics, technology, engineering and arts. Each
classroom resource is composed of a teacher guide and student worksheets with practical

activities.



http://stemteachingtools.org/
https://msapcenter.ed.gov/stem/STEMResources.aspx
https://in2steam.eu/outputs/
https://www.geogebra.org/?lang=en
https://www.esa.int/Education/Teachers_Corner/Primary_classroom_resources
https://www.esa.int/Education/Teachers_Corner/Primary_classroom_resources

Chapter 4: Cultivating Curiosity in Girls

Hands-On Learning and Experiment in School Setting

“Hands-on (or kinesthetic) learning is where a student participates or carries out physical activities
relating to subject material rather than listening to a lecture. Students learn by doing: engaging with
the subject material to solve a problem or create something.” (TheThinkingKid, 2021) Furthermore,
“hands-on learning, also known as experiential learning or active learning, is an educational
approach that emphasizes direct engagement and practical experience in the learning process. It
involves active participation, manipulation of materials, and real-world application of knowledge and
skills.” (ProctorEdu). While hands-on learning can be applied to all school subjects, like literature
through writing poems or stories or history by recreating a certain historical event it is particularly
appropriate for STEM subjects. It seems that their experimental, scientific, and transdisciplinary
nature works particularly well with the hands-on learning (also known as HOL) approach.

The biggest difference between traditional teaching and learning through hands-on experiments is in the

involvement of students in the process; the latter encourages or better say requires active participation;
both from teachers and more importantly from students.




On the other hand, traditional teaching methods with the teacher talking and students listening

or writing are known as passive methods. The differences in approaches result in different sets of
skills that are gained during both pedagogical methods and levels of in-depth connection that
is formed with the studied subject. When students actively manipulate the studied matter, they
gain a deeper understanding of the concepts being taught, and they memorize the introduced
subject better as opposed to listening to a teacher and taking notes about the subject. Studies
have shown that when students passively sit and listen, they retain 20 percent of the presented
information as opposed to 75 percent when they are allowed to practice what they have just
learned (Moore, 2022).

In both, traditional and hands-on learning methods, teachers play an important role; the
difference s in their dynamic with students. As said, within hands-on learning, students are actively
involved in the process meanwhile, the teacher guides (if possible, unobtrusively) activities, and
makes sure that exercises are age-appropriate and that the environment is safe and inclusive for
all participants.

A hands-on approach to learning has many proven benefits for students who are engaged in this meth-
od. Amongst a wide range of skill sets this learning promotes (perseverance, adaptability, problem-solving
to name a few), it also encourages the often mentioned 4 C’s skills important for functioning in today’s
world: creativity, communication, collaboration, and critical thinking (Singh, 2021).



All of the above stated is equally important and beneficial for all students, regardless of their
gender, ethnic background, or possible disabilities. Studies have shown that children who are
introduced to STEM concepts at a younger age (below 11 years) are more likely to pursue STEM
fields of study. This is especially important for girls who are underrepresented in the STEM field
and if being introduced to hands-on learning in the early stages of their development, could
help spark an interest in STEM subjects for the future its presence should be more encouraged in
preschool and early school education. Good experience with STEM subjects in early years could
potentially even lead to choosing a study program from the STEM field and consequently increase
the representation of girls in the STEM workplace.

Other types of STEAM Learning

STEAM education is heavily based on hands-on learning but there are also other types of learning
that correspond particularly well with what STEAM learning tries to promote. Firstly, there is
project-based learning (PBL) which is not to be confused with school projects. In PBL students
learn about the world by actively engaging in real-world and personally meaningful projects over
time to change or overcome barriers that affect the real world (like climate change, healthcare,
violence, ...). PBL is “a teaching method that brings learning to life, ignites student creativity and
curiosity, and allows students to explore connections between school to the world around them.” (pi-

top.com).

The second type of learning,
that goes very well together
with STEAM learning is
inquiry-based learning.
This type of learning tries to
spark curiosity in students
and encourage them to
engage on a deep level.
Instead of giving students
answers, like in traditional
teaching methods, they are
encouraged to seek answers
themselves and in doing
so, a stronger and cohesive
learning environment s

created.

Both types of learning foster similar skills as STEAM learning, they are all student-oriented, process-
driven, and rooted in the real world. These are all the reasons they work very well together and can
benefit from each other.



Atits core, STEAM learning combines science, technology, engineering, arts, and mathematics and
this transdisciplinary combination of stated subjects can also be found in other, not just school
environments. Students can come in touch with STEAM learning from home through different
tools (toys, mobile apps), in after-school activities (STE(A)M clubs, STE(A)M camps, STE(A)M courses,
...), in public places like libraries, makerspaces, museums, youth centres, and so on.

Considering the hugely popular use of screens among (not just young) people different
applications and programs should be mentioned. Many applications are designed particularly
for STEAM learning. To name a few for coding: ScratchJr, Daisy the Dinosaur, SpriteBox, Code Karts
- all these applications combine simple coding with fun (dancing dinosaurs, cars moving and so
on). Toontastic, Pencil 2D, Opentoonz, Blender, and many others are animation software suitable
also for young children. Some of these applications and programs are marketed as specially
designed for girls. Although this can be a good thing, it should be mentioned that one should be
very careful when choosing apps described as such (designed for girls). This is an area that should
be approached very carefully and cautiously in order not to further reproduce gender stereotypes
but to help eliminate them and empower girls.

There are also many toys for younger children that one can use for STEAM learning. Some of them
are designed with STEAM learning in mind and can be quite expensive (for instance toys for early
code learning like Bee-Bot and Code-a-Pillar or different STEAM kits) while others are simpler toys
that most children already have at home. If we take a closer look at what children learn when they
play with LEGOS: while building bricks to build a house they learn basic engineering and maths
concepts, while they play pretend with LEGO people, they use storytelling - and just like that, they
unconsciously incorporate STEAM learning through play. It is similar with other more common
toys like puzzles, bricks, cards, and board games; different STEAM areas are intuitively covered
through play.

It is important to keep in mind gender stereotypes and be extra careful when choosing toys that
girls will play with. Toys should not be divided into ones for boys and different ones for girls but
should be gender neutral.
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Encouraging questioning and explorations

Asking questions is an integral part of STEAM learning: what happens if | do this, why did this
happen, how can | make this work, ... If we want to strengthen critical thinking and problem-solving
skills in students, asking questions and answering them should become counter piece of the
learning process (Singh, 2021). But for students to feel comfortable asking all these questions and
eliminating the fear of asking the wrong ones, the role of the teacher comes to light. Researchers
stress the importance of teachers in creating a nurturing and supportive environment where
students feel comfortable exploring uncertainty (Jirout et al., 2018).

Teachers must be able to support children’s curiosity
by regulating the level of challenge presented to
the students and by helping to direct them toward
relevant pieces of information, problems, and
questions (Jirout et al., 2018). They should offer a
safe environment, value diverse contributions, and
support student confidence with constructive
feedback (Scott-Barrett, 2023). For students to be
curious they must be comfortable with greater

amounts of uncertainty. It is that when they are comfortable, questioning and exploring can begin
(Jirout et al., 2018).

Some ways for teachers to promote comfort with uncertainty are: to provide opportunities to think,

question, participate, and respond — prompt students to generate questions, encourage students to
think of alternative ideas, make connections between what students already know and what they do not,
to name a few but it is also worth mentioning that teachers should always respond to questions positively,
verbally and non-verbally (Jirout et al., 2018).

Another point that teachers should pay attention to is that they should take time and be patient
when waiting for students to answer; some students need more time than others and this should
be taken into consideration.

We can now take a look at more practical STEAM learning situations of how to spark curiosity and
question-asking in children. One of the research projects that focused on practical examples of
four STEAM learning programs in Canada (two in-school and two off-school) listed many different
ways curiosity amongst students was encouraged during lessons. Games, storytelling, playing
with crafts material, and inquiring-type questions; were all the ways that teachers used to help
spark interest and curiosity at the beginning of the activity (Bertrand, Numikasa, 2020). One of
the teachers who took part in the research said that by doing this “you are activating kids’ natural
curiosity, their natural interest in figuring out how things work and how they can make things better.”
(Bertrand, Numikasa, 2020, p. 46).



To conclude, we can see that teachers play a crucial role in fostering curiosity in students. There
are many ways how this can be achieved, but in order to do so, teachers must be willing to actively
participate in the learning process and provide a safe and inclusive environment.

Building problem-solving skills

Taking intellectual risks that happen through the exploration of uncertainty and acquiring new
information (Jirout et al., 2018) brings us to another important character-building skill being
encouraged through STEAM learning, which is problem-solving.

Research shows that STEAM learning compared to just STEM can reach more students and
can provide content for authentic problem-solving (Roberts & Schnepp, 2020). Here are 10
characteristics of authentic activities that teachers can use when designing activities: real-world
tasks rather than classroom-based tasks, problems that are not easily solved and are open to
multiple interpretations, complex tasks requiring ongoing investigation, multiple perspectives,
collaboration, reflection, interdisciplinary connection, integrated assessment that seamlessly
integrated to the main task, polished products, multiple interpretations and outcomes ( Herrington
etal., 2002).

Failure is commonly associated with
something bad, or negative. It is something
usually not encouraged, especially in
traditional school settings and through
traditional teaching methods. On the
other hand, failure plays an important EVERY FAILURE

IS A STEP TO

role in STEAM learning, especially in the
development of problem-solving skills.
Because there is this big shift in the
perception of failure in STEAM learning
environment, the role of a teacher once

again comes into focus.

Teachers should encourage failure as part of STEAM learning where trial and error are essential parts of the
process (Milanovic et al., 2023), with the help of a teacher students should learn to lose the fear of failing
and learn how to benefit from it.

If we take a look at the previous subchapter, we can see those greater levels of uncertainty (that
are also encouraged in STEAM learning) lead to a greater challenge in resolving them which poses
a risk of a greater chance of failure. Although gains in knowledge are greater than when resolving
lower levels of uncertainty (Jirout et al., 2018).



To see how failure is important in building problem-solving skills, we can take a look at a design-inquiring
process, where these six stages take place: plan - design - make - test - redesign - repeat. Through this
process, students learn persistence and adaptability (Bertrand, Namukasa, 2020) but also collaboration,
exploring, analysing, and discussing new ideas (Milanovic et al., 2023).

One of the instructors being interviewed as part of the research mentioned in the previous
subchapter, about four different STEAM learning programs, said that they created a learning
environment where failure and iteration were built into the lesson for students not to be afraid
of making mistakes and trying new things (Bertrand & Namukasa, 2020). One of the teachers
observed that students were sometimes not willing to try again even when something was not
working, in response another teacher proposed that STEAM learning should: “start in the younger
years and this idea of building, designing and trying again, being resilient, knowing how many
prototypes something takes before [you get the final product] in the real world ... You are never going
to get a final product without going through that messy process of try-fail-start again and repeat.”
(Bertrand & Namukasa, 2020, p. 52).

When students are faced with for instance hands-on learning activity that involves real-world
challenges, they integrate mental processes like analytical thinking, critical evaluation of the
situation, and creative solutions. Through practical problem-solving students learn important
skills that can be applied beyond the classroom (Main, 2023).

Promoting critical thinking

Another benefit of STEAM learning is the promotion of critical thinking in students. Through the
process of STEAM learning, they strengthen their critical thinking skills which are skills that are
very important in real-world contexts, not just in further education but also at home and in the
workplace.

Researchers stress that STEAM education allows students to think critically on various issues.
Students use a high level of thinking during the problem-solving process when they apply the
content knowledge innovatively (Singh, 2021). Many of the above already mentioned skills that
can be encouraged through STEAM learning are closely connected with critical thinking.

Questioning, exploring, making connections, analysing information, creative problem-solving, and
collaborative learning; all these activities help foster critical thinking.

In STEAM activities students do not need to rely on memory as they do in traditional teaching
methods but they learn by observing outcomes that come from their decisions (Moore, 2022),
which is another way STEAM learning promotes critical thinking.



Let us again look at what teachers said about this topic in four STEAM learning programs that
were analysed in the article. A teacher in one of the programs emphasized that she was not as
concerned with the product as much as the process. She stated that one of the student learning
objectives “is critical thinking, so that they can make a plan . . . and critically analyse [their] plan to
make sure that it is awesome and doable, so the design always comes before the building” (Bertrand
& Namukasa, 2020, p. 50). For the development of critical thinking skills success in the end result
is not all that important, as opposed to the process that takes place in between (questioning,
collaboration, detecting problems, searching for solutions, and so on). Through this process, all
crucial skills are being exercised and knowledge on a deep level is being gained. This is the main
difference between STEAM learning when compared to traditional teaching methods that are
performance-oriented, where scores and grades are at the centre of student interest. Similar to
the fear of failure mentioned in the previous subchapter, this is another thing that students must
learn to overcome; to endorse the process not the end result. And just like with overcoming fear
of failure, shifting from writing answers to asking questions, going from passively observing what
teachers say or do to actively participating in the process, learning that there are multiple ways one
can come to a solution as opposed to just one; once more, teachers play a crucial role. Teachers are
the ones who can empower students and equip them with character-building skills for their future

both in-school and out-of-school.




Chapter 5: Strategies for Empowering Girls in

STEAM

As illustrated above, girls” interest and engagement in STEAM education and later careers need to
be encouraged from an early age. In this chapter, we will propose and discuss some strategies to
empower girls both at school and in the family environment.

Inclusive curriculum design

The education systemsacrossall European countries display distinctive featuresin theirapproaches,
methodologies, and structures, and this diversity is also reflected in the approach they adopt when
it comes to integrating STEAM in curricula. Despite differences, a common characteristic emerges
across the partner countries — a shared deficiency in adequately representing the invaluable
experiences and contributions of women in the field of STEM. This underrepresentation extends
beyond gender to encompass people of diverse social, cultural or ethnic background, creating an
additional layer of disparity within STEAM education. The narratives used in standard curricula
often overlook the remarkable achievements and pivotal roles played by individuals with diverse
backgrounds. The consequence is a missed opportunity for students to gain a comprehensive
understanding of scientific advancements driven by individuals irrespective of their gender, ethnic
origin, nationality, religion or other characteristics that make them different such as neurodiverse
scientists or individuals with disabilities.

Innovative STEAM education initiatives pushing towards more inclusivity (not only regarding
gender) have been implemented throughout Europe to provide a response to those realities. For
example, Finland, a country that already provides gender-neutral learning, integrated coding
and computer science education into its national curriculum to boost interest in STEM (Microsoft,
2017). However, such initiatives still encounter barriers in some countries both on country and
institutional level (Alam et al., 2021). Firstly, the gender barrier, as fighting the deeply-rooted
stereotypes surrounding women in STEAM requires a multi-level approach and a complete
transformation of educational cultures. Secondly, a socio-economic barrier prevents students
from low-income backgrounds and belonging to ethnic minorities from accessing quality STEAM
education due to pervasive negative stereotypes. Finally, structural barriers linked to the lack of
resources in the schools or the absence of proper training for teachers (Milanovic et al., 2023).

It will take some time to reach the objective of defining an inclusive curriculum, but those barriers
are not insurmountable. As the initiatives multiply, they will progressively fall one after another.
One possible solution that has been brought up to approach the issue of the STEAM curriculum is
to create a common European STEM education framework (Alam et al.,, 2021).



The idea of a transversal, coordinated, supported and synchronised teaching and learning
framework could provide a boost to the adoption of innovative and inclusive STEAM education,
lead to long-term resource optimisation for each country, and encourage more people, especially
girls, to choose STEAM career paths (Alam et al., 2021). An alternative framework for STEAM

curriculawas developed withina EU project CHOICE, indicating the areas in need of improvement

and proposing new approaches to STEAM education.

But the main question is: what elements should an inclusive curriculum focus on? Of course,
the answer is multidimensional. Here are some key aspects to be taken into account:

« Gender inclusivity: the curriculum counteracts gender stereotypes in STEAM fields where
male representation was traditionally dominant. This involves encouraging girls to pursue
interests in these areas and providing role models and materials that defy traditional gender
norms. This approach should be valid for all subjects, for example by encouraging boys in
reading and arts.

o Cultural inclusivity: the curriculum incorporates content that is culturally relevant and
diverse, reflecting the various multicultural backgrounds of children in Europe. This might
help engaging students who feel disconnected from the traditional approach due to a lack
of representation of their culture.

« Accessibility and adaptability: the curriculum must be designed to be accessible to
children with various needs, including those with disabilities or Specific Learning Disorders
(SLDs). This might involve adapting teaching methods to accommodate different learning
styles and choosing a hands-on approach as much as possible.

« Collaborative learning: the curriculum allows children with different strengths and
weaknesses to support each other and learn collaboratively.

« Professional development for teachers: the curriculum should schedule for training
on inclusive teaching practices, intercultural competence, and strategies for engaging all
students.

« Project-based learning: the curriculum allows children to engage in hands-on, practical
projects linking theory to real-world application that can be adapted to different skill levels
and interests.

« Creative learning: the curriculum integrates creative opportunities to engage children
who might not be as interested in traditional STEM subjects.

An inclusive curriculum would have multiple beneficial impacts on children, teachers, and on society in
general as it enhances learning experiences by accommodating diverse styles, fostering a deeper under-
standing of STEAM concepts.

Moreover, the integration of Arts into STEM fields promotes creativity alongside analytical
thinking, encouraging innovative problem-solving and broadening perspectives. Research
indicates that inclusive practices enhance academic outcomes for all students.


https://cesie.org/en/resources/choice-framework-reforming-stem-curricula/
https://cesie.org/en/resources/choice-framework-reforming-stem-curricula/
https://cesie.org/en/project/choice/

According to a study carried by Rashida Robinson, an inclusive curriculum broadened the girls’
perception of who can be a scientist and improved their confidence and belief in their ability to
succeed in science (Robinson, 2021). Also, students with special needs benefit significantly from
inclusive curricula, obtaining resources and strategies for success. STEAM education naturally
develops critical thinking, and an inclusive approach extends these benefits across diverse student
demographics.

Collaborative learning, a key feature of inclusive education, enhances social skills and empathy,
breaking down gender and cultural stereotypes. Moreover, inclusive curricula prepare students
for a diverse workforce, fostering early exposure to varied environments. When students see
their interests reflected in education, engagement and motivation increase, addressing potential
alienation in STEAM.

Lastly, the societal impact of inclusive education is significant, fostering a tolerant, open-minded
society. Students educated in diverse settings are more likely to contribute positively to their
communities, advocating for equality and innovation. In summary, aninclusive STEAM curriculum
not only enhances individual education but also contributes to broader societal goals.

The role of parents

Many factors can have an impact on girls’ interest in STEAM subjects: psychological factors, such
as self-efficacy, peer influence, school environment, cultural norms, media representations, etc.
Among those factors, parents’ support and influence definitely come on top of the list.
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The beliefs, attitudes, values and content knowledge of STEM subjects of parents are referred to
as “scientific capital” (McNally et al., 2022). The parents’ scientific capital ultimately shapes their
children’s participation, achievement and progression in STEAM studies (Alam et al., 2021).
Undeniably, the parents’ education level and occupation as well as their socio-economic status
influence children’s interest in STEAM subjects. Studies have shown that the presence of a family
member working in a STEM field, not only parents but also extended family members, contributes
to increase the motivation to engage in STEAM activities (Johnson, 2019).

However, most parents’ beliefs are still very much :
influenced by gender stereotypes about girls’
abilities in STEM. Interestingly, it seems that those
stereotypes have a greater influence on the future
career choice of the children than the parents’
education level or occupation (Alam et al., 2021).

The manifestation of such stereotypes in parental
beliefs can lead to subtle biases, affecting the level
of encouragement, resources and guidance provided
to girls in their STEAM pursuits. Unconscious biases
may influence parents to steer their daughters away
from STEAM activities or unintentionally foster an
environment that lacks the necessary support to
encourage them to develop aspirations in those
fields.

In this context, what can be done by parents to help
overcome the stereotypes, contrast the biases and

offer better opportunities to their daughters while
contributing to bridge the STEAM gap? Here are

.

some suggestions (Built by Me®, 2019; Kekelis, 2017):

« Expose girls to female role models and monitor what they learn from the media: it is
crucial for girls to be exposed to stories featuring smart and independent female characters.
Nowadays, an increasing number of books, cartoons and other media outlets opt for
narratives that break gender stereotypes rather than perpetuating them.

« Provide hands-on experiences: avoid choosing gendered and gender-stereotypes
perpetuating toys. Offer girls a variety of toys including tool sets, science kits or building
blocks and let them choose what they like.

« Consider extracurricular STEAM activities: such activities allow for real-life experiences
with STEAM and help them build self-confidence. According to various studies, girls who
engage in extracurricular STEAM activities are more likely to pursue a career in STEAM later
in their lives.



« Encourage them, but also teach them to be comfortable with failure: in order to build
a favourable and relevant STEAM learning environment, it is also essential for girls to
understand that failure is a part of the scientific process, since it relies on the trial-and-error
method. Make sure to encourage them to try again and not to emphasise on their mistakes.

Finally, it must be stressed that encouraging girls into their interest in STEAM does not mean
developing parental pressure. Some parents might have extremely high goals for their children
to achieve and put excessive pressure on them, which can become counterproductive (Salvatierra
& Cabello, 2022). Parental pressure can have many devastating effects on children (Moore, 2022),
mainly on their mental health and self-esteem. Do not create a competitive atmosphere but rather
cultivate girls’ curiosity and interest in sciences.

The role of teachers and educators

From the teaching strategies they adopt to the interactions they have with pupils, teachers and
educators have an extremely impactful role when it comes to influencing girls’ participation in
STEAM, They need to acknowledge their responsibility, cultivate and support the parents’ efforts
to engage girls in STEAM. Teachers can focus on the three following actions (Kekelis, 2017):

« Invite families to participate in STEAM activities, talk to parents about the importance of
engaging girls in STEM.

« Empower parents to empower their children. Build relations with partners and welcome
them to participate in learning with their daughters.

« Coach parents, provide them with resources and help them make connections to support
their daughters.

« Build equity in learning. Look for settings that have a good balance between boys and
girls, or that focus specifically on girls’learning.

Another idea could be engaging parents as role models. Search for women working in STEM
among parents and invite them to join school activities.

Encouraging participation in STEAM extra-curricular activities

One of the elements mentioned above to address the gender gap in STEAM education is
encouraging girls” participation in STEAM activities. According to a survey conducted by Microsoft
(2018) on 6.009 girlsand young women in the United States, 75% of girls who take partin STEM clubs
and activities understand the type of careers they can achieve thanks to their STEM knowledge,
compared to 53% who do not engage in extracurricular activities. Furthermore, 77% of girls felt
empowered by the hands-on STEM activities, against 34% for those who only engage in STEM at
school (Microsoft, 2018).



These numbers highlight the fact that offering opportunities to learn outside schoolisimportant
when the curriculum fails to equip girls with sufficient knowledge or experience. At the same time,
students’ participation in extracurricular activities such as science, technology, and engineering
exhibitions, revealed that the more the engagement, the more girls showed a greater capacity to
make informed decisions about their future and more positive attitudes towards science (Verdugo-
Castro, 2022). In this regard, teachers play a pivotal role as agents of change in the educational
process, creating, promoting and actively engaging pupils in extra-curricular activities.

Recently, there is a new trend growing in STEAM education where all-girl clubs are being created.
It has been argued that such environments might not actually be the best initiative to encourage
gender diversity in STEAM or that they are “unfair” towards boys. However, girls-only activities
present certain benefits, such as creating safe spaces for girls to try out STEAM experiments,
making girls feel personally invited to engage in STEAM, and offering opportunities for girls
interested in STEAM to meet other girls that share similar interests. All-girl clubs can also be great
places to discuss the life of women in STEM fields with young girls and invite female role models
to speak with them (Gender4STEM, 2020).

While some schools already offer to their pupils the possibility of joining a STEAM club or
participating in STEAM activities, not every child has access to a club or an activity devoted to
STEAM subjects. To sum up, what can parents and teachers do to improve this situation?
Together, they can take several actions, such as:

« Advocating for STEAM education and asking the school board for the inclusion of STEAM
activities in the curriculum.

« Create non formal STEAM activities to compensate for the lack of formal activities. This
can involve creating your own club and organising field trips to the local science museum
or arrange workshops outside school hours.

« Find content via online resources to supplement traditional classroom learning. For
instance, the resources of the STEAM Tales project will be available on the project website
and will offer great additional activities to implement in class or at home.

An example of a free initiative that supports teachers in applying STEAM approach is the “Rentrée
des Sciences” in Belgium organised by the Scientothéque, in partnership with the Minister of

Education, the_Sciences et Enseignement initiative, the ESERO network and the Euro Space
Center. The initiative provides printable lesson plans that primary teachers can implement in class
during a whole week. The objective is to provide the teachers with more entertaining activities to
get them familiarised with a more hands-on approach and to boost the interest and motivation of
all children, especially girls, in STEAM subjects.

As a teacher, stay informed about STEAM activities in your neighbourhood and do not hesitate to
provide information about those to parents and encourage their interest.


https://www.steamtales.eu/
https://larentreedessciences.be/fr/
https://larentreedessciences.be/fr/
https://www.lascientotheque.be/
http://www.enseignement.be/index.php?page=26288
https://www.esero.it/
https://www.eurospacecenter.be/en/
https://www.eurospacecenter.be/en/

Advocating for gender equality in STEAM

Teachers and educators have the power to shape the perceptions and the choices of children by creating
an inclusive learning environment where all genders are equal.

As a teacher, it is crucial to show your pupils and their parents that you encourage gender equality
in STEAM.

Studies show that young European girls become interested in STEAM subjects around the age
of 11, but this interest significantly drops when they reach the age of 15 if they lack proper
encouragement and support (Microsoft, 2017). This leaves a 4-year window for teachers and
parents to cultivate the girls’ interest in STEAM before they, sometimes reluctantly, decide on
another career path because of pervasive gender stereotypes. 4 years is a rather short period, and
that is precisely why it is imperative to spark their interest in STEAM from an early age.

This implies several attitudes to adopt, such as (Vivian et al., 2020):

« Creating equitable opportunities for all children regardless of their gender identity or
their cultural background.

« Addressing gender stereotypes that limit girls’interest or confidence in STEAM fields and
spread the message that anyone is capable of developing STEAM skills. Ask the pupils what
they know about people working in STEAM and open the discussion about the unconscious
bias that they have.

« Encouraging critical-thinking and creativity as an approach to problem-solving.
Interdisciplinary STEAM curriculum can improve learning outcomes for both boys and girls.
Have pupils work on STEAM projects that align with their personal interests or culture.

« Encourage collaboration with peers of varied backgrounds and experiences. Research
shows that girls prefer active and equal participation by all team members, whereas boys
tend to prefer competition, which can be detrimental to the girls’learning experience).

« Introducingrolemodelstoinspire pupils with concrete examples of people who succeeded
before them. Invite STEAM professionals in the classroom to connect learning and real-life
examples. You can also create a mentoring system with older pupils to support the younger

ones.




If you are in need of inspiration on how to advocate for more gender equality in STEAM, you can
have a look at these initiatives promoting women in STEAM:

« Soapbox Science (International)

e @Girls in STEAM (International)

e Girls Who Code (International)

« The European Platform of Women (Europe)

o FeSTEM (Europe)

e Frauen in MINT Berufen (DE)

« Komm, mach MINT (DE)

« Female Engineer of the Year Izbor InZenirka leta (Slovenia)

« We are HERe (Italy)

« Associazione Donne e Scienza (Italy)

« Donne nella scienza (Italy)

«  WomlinTech (Belgium)

e Mulheres na Ciéncia (Portugal)

e« STEM for Her (USA)

o Stemettes (UK)

Inspiring girls and women in STEAM

Always remember that representation matters! We have already documented the importance of
introducing girls to female role models from a very young age. However, such as in actual STEAM
fields, there is a lack of representation of girls and women in STEM in pedagogical material as well
as pop culture where high-quality portrayals of female scientists, mathematicians or engineers
are also absent. Research conducted by the Geena Davis Institute in 2012 found that for every
15 male characters working in a STEAM field, there was only 1 female character in a STEM
career (Portray her, 2023). However, the impact of being introduced to inspiring female role
models in media (literature, cinema, television, etc.) has been demonstrated on many occasions.
For example, “The Scully Effect ” refers to the positive influence that the character Dana Scully
from the TV series “The X Files” - portraying an ambitious medical doctor and FBI agent — had on
women. Nearly two-thirds of women currently working in STEAM cite the character as a role model
and part of the reason they chose a STEM career (The Scully effect, 2023).


http://soapboxscience.org/
https://girlsinsteam.org/
https://girlswhocode.com/
https://epws.org/
https://festemproject.eu/
https://mint-frauen-bw.de/
https://www.komm-mach-mint.de/
https://inzenirka-leta.si/
https://weareherepolito.it/en/
http://www.donnescienza.it
https://www.donnenellascienza.it/
https://linktr.ee/WomInTech
https://www.cienciaviva.pt/mulheresnaciencia/
https://stemforher.org/
https://stemettes.org/

Research has also demonstrated that children’s interest in STEAM increases if they are exposed to stories
before and engaged in hands-on activities (Morais, 2021).

Teachers and educators are therefore encouraged to actively search for good media representation
and share good role models with their pupils. By exposing children to media content that reflects
a variety of perspectives and experiences in a positive and accurate manner, they will become
more aware of the existing possibilities offered to them. Showcasing the many jobs and careers
that exist within the STEAM fields also allow pupils to see beyond STEM as theoretical subjects but
rather provide inspirational examples to which they can relate.

Given the comprehensive evidence at hand, the STEAM Tales project endeavours to foster the inclination

of female youths towards Science, Technology, Engineering, Arts, and Mathematics (STEAM) disciplines
through the dissemination of narratives featuring 12 exemplary women in STEAM, complemented by
hands-on experiments. Employing storytelling as a pedagogical approach, the project seeks to eluci-
date STEAM concepts in a manner conducive to the cognitive grasp of young learners, thereby stimulating
their engagement and interest.

Our selection of female role models spans diverse cultural, ethnic, and religious backgrounds,
echoing our commitment to inclusivity. We aim to empower girls by showcasing that birthplace,
skin colour, or beliefs pose no barriers to success in STEAM. Rather than focusing on the already
renowned figures like Marie Curie or Rosalind Franklin, we intended to put in the spotlight the
fascinating stories of sometimes overlooked women as well as contemporary women currently
shaping the STEAM landscape. Following an adapted storytelling methodology (Campbell’s
model revised by Universidade do Porto), each story begins with relatable childhood anecdotes,
offering a familiar starting point for young minds. As the narratives unfold, we unveil the remarkable
achievements and the hurdles these women conquered to earn their esteemed positions. These
tales are more than just accounts of success; they’re testaments to resilience, inspiring every girl to
reach for the stars and rewrite history on her own terms.

The STEAM Tales will tell the story of these exceptional women: Ana Mayer-Kansky, Andreja Gomboc,
Angela Piskernik, Asta Hampe, Domitila de Carvalho, Elvira Fortunato, Emmy Noether, Maryam Mirzakhani,

Rita Levi Montalcini, Rose Dieng-Kuntz, Samantha Cristoforetti, Zita Martins.




Conclusion

The significance of STEM disciplines—Science, Technology, Engineering, and Mathematics—
extends far beyond mere academic domains, encompassing not only the conventional categories
of mathematics, natural sciences, engineering, computer, and information sciences, but also social
sciences such as psychology, economics, sociology, and political sciences. STEM education is a
multifaceted approach focused on the resolution of real-world problems by drawing on concepts
and procedures from science and mathematics. This approach integrates various STEM areas along
with other curricular subjects, framed within real-life contexts to connect with students’ daily
experiences. STEM education employs an integrated teaching approach where specific content
is not siloed but interconnected, utilizing dynamic and fluid instructional methods to foster
comprehensive understanding and application.

STEAM approach then integrates subjects such as arts, language, history and humanities in
the educational model, progressing from interdisciplinary to transdisciplinary integration,
and aiming to enhance learning through fostering 21 century skills such as problem solving,
metacognition, creative and critical thinking as well as developing interpersonal communication
and collaboration skills, and cultivating curiosity and openness to new ideas.

Storytelling plays a crucial role in STEAM education by engaging students both cognitively
and emotionally, thus enhancing their understanding and interest in STEM subjects. It serves
as a strategy to entertain and teach children while linking theoretical concepts to practical
applications. By presenting scientific information through narratives, storytelling aligns with
the natural mode of human thought and aids in memory retention. It not only facilitates the
acquisition of knowledge but also inspires curiosity and positive attitudes towards science. This
concept is especially useful for promoting the successes of female role models and inspiring more
girls to take interest in STEM and tackle the persisting gender gap in STEM fields.

Hands-on (or kinesthetic or experimental) learning is another approach highly valid for STEAM
education and fostering the participation of all pupils. It’s based on their direct engagement
in the learning process through active participation, manipulation of materials, and real-world
application of knowledge and skills. In fact, active pedagogical methods help develop a deeper
understanding of the subject matteras wellas strengthen the 4 C’s skills: creativity, communication,
collaboration, and critical thinking. Hands-on activities are particularly useful when introducing
STEAM concepts to younger children and help spark an interest in STEM subjects to improve the
participation of underrepresented groups. Project-based and inquiry-based learning have also
strongly beneficial impact on STEAM education and girls” empowerment as they are student-
oriented, process-driven, and rooted in the real world.
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Underrepresentation of women in STEM education and professionis evidentin all partner countries
as well as across the EU and OECD countries. The root causes of female underrepresentation
in STEM fields are multifaceted and interconnected, stemming from various societal, cultural,
institutional, and individual factors. Societal expectations and gender roles often dictate that
women are primarily responsible for caregiving and domestic duties, while men are expected to
pursue careers as primary providers. These societal norms can influence educational and career
choices from an early age, leading to the underrepresentation of women in STEM fields. Gender
stereotypes and biases perpetuate the belief that STEM field is more suited to men than women.
These stereotypes can manifest in subtle ways, such as biased language, cultural representations,
and societal attitudes, which can discourage girls and women from pursuing STEM education and
careers. The scarcity of visible female role models and mentors in STEM fields can make it difficult
for girls and women to envision themselves succeeding in these domains. Without positive role
models to look up to, girls may feel discouraged or isolated in pursuing STEM-related interests and
careers. Finally, structural barriers within educational systems and institutions, such as biased
teaching methods, curriculum design, and institutional policies, can perpetuate gender disparities
in STEM education and careers. Additionally, the lack of support and resources for women in STEM
programs and workplaces can further hinder their advancement and retention.

Existing stereotypesand societal beliefs regarding genderrolesin STEMfields translate into internal
barriers for girls and women, including negative self-perception and stereotype threat.



These internal barriers can lead to reduced confidence, impaired performance, decreased
motivation, and limited career aspirations, hindering girls"and women’s participation and success
in STEM.

Acknowledging and addressing both internal and external barriers is crucial for promoting gender
equity and diversity in STEM fields and empowering girls and women to pursue their interests and
aspirations in these domains.

Fortunately, there are multiple ways how girls” participation in STEM can be encouraged. A pivotal
role is played by teachers and educators together with parents and family members. Teachers
and educators in STEAM education go beyond traditional teaching, they empower their students
with subject-specific knowledge and essential skills for success in an evolving world including
the 21t century skills, thereby making a meaningful impact on their community and beyond.
Empowering educators is therefore essential for the success of STEAM education and for pupils’
overall development, their progress as well as motivation and future aspiration. Competent STEAM
educators recognize the importance of interdisciplinary approaches in addressing real-world
challenges. They possess key competencies including interdisciplinary knowledge, pedagogical
expertise, assessment literacy, and inclusive practices. These educators create engaging learning
environments that stimulate students’ curiosity and encourage experimentation with technology.
However, schools play a crucial role in supporting educators too by offering necessary training
and opportunities for teachers” professional development, resources, and a conducive culture for
STEAM education. Overall, empowering teachers ensures students are prepared to thrive in the
dynamic world of STEAM.

However, teachers integrating STEAM education in primary schools face various challenges
that hinder its effective implementation. These challenges include limited resources and
infrastructures, such as technological tools, due to budget constraints. Additionally, traditional
curricular frameworks often fail to prepare educators for delivering STEAM education, lacking
interdisciplinary and project-based approaches. School textbooks may reinforce gender
stereotypes, discouraging girls from pursuing STEM careers. Moreover, there are limited professional
development opportunities for teachers to gain confidence and knowledge in integrating the
STEAM approach.

Inclusive curricula are essential components of promoting STEAM education and ensuring
girls” active engagement. By incorporating diverse perspectives, approaches, and activities into
the curriculum, educators can create a learning environment that resonates with all students,
regardless of their backgrounds or identities. Inclusive curricula not only challenge gender
stereotypes but also provide opportunities for girls to see themselves represented in STEAM fields,
fostering a sense of belonging and confidence in their abilities. By embracing inclusivity in their
curricular design, educators can cultivate a supportive and empowering educational experience
that inspires all students to pursue their interests and excel in STEAM disciplines.



Participation in extracurricular STEAM activities can also significantly impact girls’ interest in
STEM careers, with studies showing clearer career understanding and more positive attitudes
toward science among participants.Teachers play a vital role in promoting these activities, acting as
agents of change in education. All-girl clubs in STEAM provide safe spaces for girls to explore STEM
interests and connect with peers and female role models, despite some criticisms. Encouraging
participation in such activities can help bridge the gender gap in STEM education and empower
girls to pursue STEM careers.

Moreover, parents play a crucial role in shaping their daughters’ interest and participation in
STEM subjects, as their beliefs, attitudes, and support greatly influence children’s engagement in
these fields. Known as “scientific capital,” parents’ knowledge and perceptions of STEM subjects
significantly impact their children’s involvement in STEAM studies. While having a family member
working in a STEM field can increase motivation, many parents still hold gender stereotypes about
girls’ abilities in STEM, affecting the support and encouragement they provide.

Ultimately, achieving gender equality and diversity in STEM requires concerted efforts from
teachers, educators, parents but also policymakers, and society as a whole. By challenging
stereotypes, expanding access to educational opportunities, and nurturing an inclusive culture,
we can unlock the full potential of all individuals and harness the power of diverse perspectives
to drive innovation and progress in STEM fields. As we strive towards a more equitable future,
initiatives like STEAMTales serve as catalysts for change, empowering the next generation to realize
their potential and contribute meaningfully to the advancement of science and technology.

In conclusion, the STEAM Tales project is dedicated to nurturing girls’interest in STEM disciplines
by sharing captivating stories of 12 inspiring women in STEM fields, coupled with engaging hands-
on experiments. Through the power of storytelling, this initiative aims to make STEAM topics
accessible and captivating for young learners, igniting their curiosity and potentially shaping
their future careers. By promoting STEAM education through storytelling and providing practical
resources, including lesson plans and experiments, the project not only empowers teachers to
enhance their STEM knowledge but also fosters an inclusive learning environment where all
children, regardless of background, can thrive. Through research, development, and piloting
activities, STEAM Tales seeks to make a lasting impact on STEAM education, enriching the quality

of resources available and inspiring a new generation of STEM enthusiasts.
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O Article (DE) about the importance of STEAM education in primary schools, highlighting its significance for

children’s development: https://www.robowunderkind.com/blog/mint-bildung-grundschule
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https://mintzukunftschaffen.de/mint-freundliche-schule-2/
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Linee+guida+STEM.pdf/2aa0b11f-7609-66ac-3fd8-2c6a03c80f77?version=1.0&t=1698173043586

00 Web article (IT) “Storytelling - an essetial tool for teaching”: https://direzionedidatticabastia.edu.it/

storytelling-uno-strumento-essenziale-per-linsegnamento-2/
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e desafios para o futuro. |IE-Ulisboa: http://www.ie.ulisboa.pt/publicacoes/policy-brief/educacao-stem-em-

portugal-iniciativas-e-desafios-para-o-futuro
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Chapter 3: Empowering Educators for STEAM Learning
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pupils (the “i” stands for “inclusive”): https.//bildungsserver.berlin-brandenburg.de/i-mint-akademie/

0 Initiative (DE) “Komm, mach MINT” (Come, do STEM): The aim of the initiative is to use the potential of
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www.komm-mach-mint.de/

[0 Scientists Foundation (DE) “Stiftung Kleine Forscher (Little)”: A nationwide educational initiative in which
all daycare centers, after-school care centers and primary schools can participate: https://www.stiftung-

kinder-forschen.de/

[0 Article (IT) “The teaching of STEM disciplines in Italy” by Scippo, S., Montebello, M., & Cesareni, D. (2020).
ITALIAN JOURNAL OF EDUCATIONAL RESEARCH, (25), 35-48: https://ojs.pensamultimedia.it/index.php/sird/
article/view/4362

O Educational resources (EN, IT) “Inspiring Next Generation of Girls through Inclusive STE(A)M Learning in

Primary Education — IN2STE(A)M": https://in2steam.eu/outputs/?lang=it

[0 Article (PT) - presenting findings on the impact of an integrated STEM approach on the development of
didactic knowledge among prospective teachers in a higher education institution in Portugal by Correia, M.,
& Martins, M. (2021). Abordagem Integradora das STEM: Uma Experiéncia na Formacao Inicial de Professores.
In P. Membiela, M. I. Cebreiros y M. Vidal (eds). Perspectivas y practicas docentes en la ensefianza de las

ciencias (pp. 443-448).


http://files.eun.org/STEAMIT/STE(A)M-IT-GettingtoknowtheSTE(A)MITlearningScenariosin_v01.pdf
http://files.eun.org/STEAMIT/STE(A)M-IT-GettingtoknowtheSTE(A)MITlearningScenariosin_v01.pdf
https://steamit.eun.org/category/primary-education/
https://steamit.eun.org/category/primary-education/
https://www.weforum.org/agenda/2022/01/stem-science-women-gender-stereotypes-bias-equality
https://www.weforum.org/agenda/2022/01/stem-science-women-gender-stereotypes-bias-equality
https://www.stembot.eu/
https://mint-frauen-bw.de/
https://bildungsserver.berlin-brandenburg.de/i-mint-akademie/
https://www.komm-mach-mint.de/
https://www.komm-mach-mint.de/
https://www.stiftung-kinder-forschen.de/
https://www.stiftung-kinder-forschen.de/
https://ojs.pensamultimedia.it/index.php/sird/article/view/4362
https://ojs.pensamultimedia.it/index.php/sird/article/view/4362
https://in2steam.eu/outputs/?lang=it

ConferencePaper (PT)-Correia, M., Martins, M.,&Camacho, G.(2021).As potencialidades da Educagéo STEM no

1.2Ciclo. Uma experiéncia na formagdo de professores: https://www.researchgate.net/publication/357468808

Abordagem Integradora das STEM Uma Experiencia na Formacao Inicial de Professores

Web page (PT) “GoSTEM: Eventos”: http://gostem.ie.ulisboa.pt/participantes/

Paper (PT) Cendrios integrados de aprendizagem - trabalho interdisciplinar de Ciéncias, Tecnologia, Engenharia,
Artes e Matemdtica by Cerqueira, S., Oliveira, |., & Fernandes, A.: https://escolamais.dge.mec.pt/sites/default/

files/2021-07/1.3.5.-roteiro_recuperar-experimentando.pdf

Article (B/FR)“The Educational Foundation wants to attract young people to Stem jobs”: https://www.lecho.

be/economie-politique/belgique/wallonie/la-fondation-pour-l-enseignement-veut-attirer-les-jeunes-vers-

les-stem/10458395.html

Article (B/FR) “NO STEM, no future”: https://www.digitalwallonia.be/fr/publications/no-stem-no-future/

Publication by UNESCO (EN + multiple languages) “Cracking the code: girls’ education in science,

technology, engineering and mathematics (STEM)” a report of the UNESCO International Symposium and
Policy Forum: https://unesdoc.unesco.org/ark:/48223/pf0000260079



https://www.researchgate.net/publication/357468808_Abordagem_Integradora_das_STEM_Uma_Experiencia_na_Formacao_Inicial_de_Professores
https://www.researchgate.net/publication/357468808_Abordagem_Integradora_das_STEM_Uma_Experiencia_na_Formacao_Inicial_de_Professores
http://gostem.ie.ulisboa.pt/participantes/
https://www.lecho.be/economie-politique/belgique/wallonie/la-fondation-pour-l-enseignement-veut-attirer-les-jeunes-vers-les-stem/10458395.html
https://www.lecho.be/economie-politique/belgique/wallonie/la-fondation-pour-l-enseignement-veut-attirer-les-jeunes-vers-les-stem/10458395.html
https://www.lecho.be/economie-politique/belgique/wallonie/la-fondation-pour-l-enseignement-veut-attirer-les-jeunes-vers-les-stem/10458395.html
https://www.digitalwallonia.be/fr/publications/no-stem-no-future/
https://unesdoc.unesco.org/ark:/48223/pf0000260079

Chapter 4: Cultivating Curiosity in Girls

O

Article (EN) - A review of existing STEAM initiatives worldwide, but specifically in Europe, as well as the
most popular activities provided by these initiatives: Hasti, H.; Amo-Filva, D.; Fonseca, D.; Verdugo-Castro,
S.; Garcia-Holgado, A.; Garcia-Pefalvo, F.J. Towards Closing STEAM Diversity Gaps: A Grey Review of Existing
Initiatives. Appl. Sci. 2022, 12, 12666. https://doi.org/10.3390/app 122412666

Article (EN) developed by Vernier Science Education, a science education company dedicated to providing
high-quality solutions for today’s STEM classrooms, that highlights five research-based Best Practices for

STEM Education: https://www.vernier.com/blog/five-research-based-best-practices-for-stem-education/
Video testimonies (EN) STEMFAIRNET project: https://stemfairnet.home.blog/video-testimonies/

Article (DE) about the significance of hands-on, extracurricular STEM activities to encourage students’
active engagement in STEM subjects: https://www.studienkreis.de/infothek/journal/ausserschulische-mint-

angebote/

Museum Exhibition (DE) “ExperiMINTa Science Center” is an interactive museum opened in Frankfurt in

March 2011 where STEM comes to life through hands-on exploration: https://www.experiminta.de/

Audiovisual (PT) Educacdo STEAM | Atividades Escolas 1° 2° e 3° CEB: https://www.youtube.com/
watch?v=MZyXL5NFnEU

Article (B/FR) “The Higher Education Institutes of the Wallonia-Brussels Federation (FWB): practical and

professional education.” https://www.rtbf.be/article/les-hautes-ecoles-de-la-fwb-un-enseignement-

pratigue-et-professionnalisant-11030722

Website (B/FR) — a database of scientific experiments, exercises, videos and other materials for teaching and

learning about science: eSCIENCES - Les sciences a la maison



https://doi.org/10.3390/app122412666
https://www.vernier.com/blog/five-research-based-best-practices-for-stem-education/
https://www.studienkreis.de/infothek/journal/ausserschulische-mint-angebote/
https://www.studienkreis.de/infothek/journal/ausserschulische-mint-angebote/
https://www.experiminta.de/
https://www.youtube.com/watch?v=MZyXL5NFnEU
https://www.youtube.com/watch?v=MZyXL5NFnEU
https://www.rtbf.be/article/les-hautes-ecoles-de-la-fwb-un-enseignement-pratique-et-professionnalisant-11030722
https://www.rtbf.be/article/les-hautes-ecoles-de-la-fwb-un-enseignement-pratique-et-professionnalisant-11030722
https://www.esciences.be/

Chapter 5: Strategies for Empowering Girls in STEAM

O

White Paper (EN) - A study by Microsoft titled “Why aren’t European girls in STEM?” which examines
the underrepresentation of women in STEM fields in Europe: https://news.microsoft.com/wp-content/

uploads/2017/02/Microsoft_girls_in_STEM_final-Whitepaper.pdf

Interview (EN) - A written interview with Stefanie Dimmeler, a distinguished German biologist renowned
for her expertise in the pathophysiological mechanisms underlying cardiovascular diseases, where talks
about her pioneering research on the treatment of cardiovascular diseases and the hope of being a role for
younger female scientists to pursue their career and follow their visions: https://www.elsevier.com/connect/

meet-prof-stefanie-dimmeler-winner-of-the-2022-otto-warburg-medal

Video (EN) that highlights some of the greatest inventions made my female scientists from Germany:

https://www.youtube.com/watch?v=06qNOVMHYk4

Web article (DE) “The German MINT Action Plan” is a comprehensive plan to promote STEM education
for children and young people at all levels of education. The plan focuses on strengthening early STEM
education: https://www.bmbf.de/bmbf/de/bildung/digitalisierung-und-mint-bildung/mint-bildung/mint-

aktionsplan.html

Web article (IT) Didattica: 5 Tips to Encourage Girls to Pursue STEM: https://blog.matematica.deascuola.it/

articoli/didattica-stem-ragazze

Video (IT) about women in science in past, present and future by SMA - Sistema Museale d’Ateneo Universita

di Pavia: https://www.youtube.com/watch?v=8CafA0WSzlo&list=PLIglfikBMHGkAcdepiu1iX8zizYkjh7U-
Audiovisual materials (PT)“Soapbox Science:Mostraraciéncianofeminino.”https://youtu.be/ExzQENvVtPw

Web page (PT) “Medalhas de Honra L'Oréal Portugal para as Mulheres na Ciéncia.": https://www.fct.pt/

financiamento/premios/medalhas-de-honra-loreal-portugal-para-as-mulheres-na-ciencia/

Exhibition (PT) “Exposicao “Ciéncia no Feminino 2.0” para ver no Departamento de Fisica da Universidade
de Coimbra!” https://noticias.uc.pt/artigos/exposicao-ciencia-no-feminino-2.0-para-ver-no-departamento-

de-fisica-da-universidade-de-coimbra/

Web article (B/FR) “Podcasts about women in science”: https://www.rtbf.be/article/sciences-et-tech-elles-

prennent-leur-place-une-serie-de-podcasts-creee-par-les-grenades-11162263
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