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About this Paper

The focus of this contribution is a balanced discussion of benefits, risks and practical approaches of early
science, technology, engineering, and mathematics (STEM) education in the digital age, i.e., the use of digital
tools and the teaching of digital literacy in the context of STEM Education starting from kindergarten.

The present contribution shares the views of the peer members of the International Dialogue on STEM
Education (IDoS) - an international network of organisations promoting STEM Education for all and from the
youngest age - with a wide range of educational organisations, decision makers at the national and
international level, and an interested professional community.

Our goal is to provoke reflection to devise lines of action that can benefit STEM Education for all, everywhere,
and at any age, especially at a young age. These reflections are based on evidence and analysis of the
opportunities and challenges of the digitalisation of STEM Education.

Children and adolescents should have the best possible opportunities to engage with science, understand
scientific ideas, and use them to make well-informed decisions. To achieve this, organisations and institutions
leading in STEM Education must carefully navigate through the often biased and polarised views surrounding
the digitalisation debate. These groups need to base their actions on solid scientific evidence about what is
effective and what is not, while also drawing from their own knowledge and experience.

As a contribution to the reflection, the IDoS peers share here:

1. a brief sketch of the considerations that have urged them to take a position, and a brief synthesis of
the relevant scientific evidence dealing with STEM Education in the digital age;

2. aset of six recommendations representing the IDoS peers’ common stance on STEM Education in the
digital age:

1. Integrate technology with purpose: Justify digital tools based on clear learning objectives in
STEM Education.

2. Prioritise pedagogy: Effective teaching methods must drive technology use in STEM - not
vice versa.

3. Enhance, don't replace: Use digital tools to complement real-world STEM learning.

4. Prepare for success: Invest in teacher training and infrastructure for effective digital
integration that benefits all.

5. Empower digital literacy: Transform STEM Education to navigate a rapidly changing world.

6. Use evidence-based practices: Leverage research to enhance STEM Education and effective
teacher training.

These recommendations are grounded in the relevant evidence collected in part 1; concrete examples
from the IDoS peer organisations’ products, services, and resources are associated to each

recommendation;

3. ashort description of each IDoS peer and practical approaches of how they are dealing with digital
technologies and computational literacy in their countries of action/impact.
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1 Research: Why This Topic, Why Now?

1.1 A Rapidly Changing Panorama: From Electronic Whiteboards to Al

In the next decade, 40% of jobs around the world will be affected by artificial intelligence (Al). And, in advanced
economies, that rises to 60% of jobs set to be affected by machine learning, with about half being negatively
impacted (Cazzaniga et al., 2024). Given this, what is the role of STEM Education in preparing young children
and students for an ever-changing technological future? Here are a few thoughts:

“In the ever-evolving landscape of technology, the panorama shifts swiftly, embracing innovation at a
staggering pace. In the realm of education, the vista of technological advancement unfolds too,
accompanied by the promise of transforming traditional methodologies into dynamic platforms of
learning, with students no longer passively absorbing information but actively participating,
manipulating digital content, and collaborating in real-time. It was only in the 1990s that the first
electronic whiteboards were produced, and their massive diffusion in education is even more recent.
Today, the discourse about ICT (Information and Communication Technologies) in education is no more
focused on bold hardware, but about mobile learning, game-based learning, simulations, machine
learning and individualised feedback, up to the integration of Artificial Intelligence (Al) into educational
paradigms. Adaptive learning platforms powered by Al are expected to personalise curricula, help
teachers propose engaging activities to their pupils, ensuring every learner receives the support and
challenges necessary for optimal growth.”

And now, a spoiler alert: the text above in italics has not been written by us IDoS members but by an Al (Chat
GPT3-Open Al). We've edited the text though to subtly tone down the overly enthusiastic tone the machine
used when describing itself and other technology. Nonetheless, the development of generative Al and of
powerful broader digital technologies needs to be considered, both as a reservoir of new opportunities and of
challenges.

At the heart of science education (and STEM Education more broadly) is the idea that by exposing students to
the multiple dimensions of learning — that is, by helping students understand disciplinary core ideas; engage
in scientific, technological, engineering, and mathematical practices; and make connections across
disciplinary content—students can develop STEM knowledge and process skills and learn how to apply
evidence-based knowledge to real-world issues (National Research Council, 2012) STEM Education can also
help students develop critical thinking skills, identify problems, reason from evidence, distinguish fact from
opinion, think creatively, and learn how to make informed decisions to solve problems and explain scientific
phenomena. In other words, STEM literacy is crucial for ensuring a more informed and skilled citizenry and
STEM workforce.

But how will the digitalisation of STEM Education, and the need to develop students’ digital literacy skills
alongside their STEM literacy skills, impact STEM educators’ ability to prepare students for a technologically
advanced world? In 2021, the Programme for International Student Assessment (PISA) test of 15-year-olds’
21st Century Digital Literacy Skills showed that only 47% of students could distinguish fact from opinion.
Moreover, despite technological advances, this percentage has remained steady over the past 20 years
(Suérez-Alvarez et al., 2022). According to Andreas Schleicher of OECD, this is because “... we have not
changed the paradigm of education — we are still teaching people to reproduce the knowledge of our times
and not to question it” (A. Schleicher, 2023; personal communication, May 26, 2023).

This paper will address how STEM educators can “change the paradigm of education” (see Schleicher, above)
by integrating technology into the teaching of STEM in a meaningful way to enhance students’ abilities to
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think critically, reason from evidence, engage in sensemaking (that is, question science), and identify and
solve problems in a human-centred environment.

1.2 Lessons Taken from the Pandemic

The Covid-19 pandemic has represented an unprecedented disruption in many fields of life and society.
Education was far from being spared. The global impact of the pandemic reverberated across the educational
landscape, affecting over 1.6 billion students and young individuals worldwide. Among them, the most
vulnerable learners bore the brunt of the crisis, facing disproportionate challenges in accessing education. The
strides taken towards achieving the objectives of the UNESCO 2030 Education Agenda suffered setbacks.
With the priority of containing the spread of the virus, most governments implemented the precautionary
measure of closing schools: “Globally, 214 million students from pre-primary to upper secondary education in
23 countries .. missed at least three-quarters of classroom instruction time at the pre-primary to upper
secondary level” in 2020 and 2021 (UNESCO, 2021). Consequently, educational institutions found themselves
compelled to transition to online learning and homeschooling, often with the guidance and support of both
teachers and parents. The success of such an operation depends on several factors, including the preparation
of institutions, teachers, students, and families to deal with online learning.

We've henceforth been faced with a natural experiment about equipment, readiness, and efficacy at exploiting
existing ICT for education. The result cannot make us too optimistic.

In the 2022 PISA assessment, approximately 700,000 15-year-old students from 81 OECD member countries
and partner economies were evaluated in mathematics, reading, and science (Coryton, 2024; OECD, 2023).
This edition, emphasising mathematics, also marked the first-time data was collected on student performance,
well-being, and equity both pre- and post-COVID-19 pandemic. Across the OECD, the PISA 2022 assessment
revealed an unprecedented decline in performance. On average, there was a significant drop in mean
performance, with reading scores decreasing by 10 points and mathematics scores by nearly 15 points
compared to 2018. Of particular concern is the remarkable decline in mathematics performance, which
surpassed any previous consecutive changes, with notable drops observed in countries like Germany, Iceland,
the Netherlands, Norway, and Poland, each experiencing a decline of 25 points or more between 2018 and
2022. While the COVID-19 pandemic has undoubtedly played a role, it's important to note that declining scores
in reading, science, and mathematics were evident even before 2018. Moreover, the analysis indicates no
discernible difference in performance trends between education systems with limited school closures, such
as Iceland, Sweden, and Chinese Taipei, and those with more prolonged closures, like Brazil, Ireland, and
Jamaica.

At the same time, PISA analysts have raised an alarmed call for vigilance on the use of technology in school.
Data from the last survey reveal that moderate use of digital devices in educational settings correlates with
higher achievement, and that positive effects are contingent upon how the technology is being used (OECD,
2023 Vol. 1). Thus, technology can be considered to support learning. However, 59% per cent of students in
the OECD reported being distracted by others using digital devices (phones, laptops, and tablets), notably in
math class. Technology is henceforth perceived as a source of distraction that can potentially hinder learning.
As for leisure use, across OECD countries, students who spent one hour or less on digital devices scored 49
points higher in maths than students of analogous socio-economic profile who spent five to seven hours per
day. Correlation is not causation, though, and combining different sources of solid evidence is required to draw
causal conclusions.
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1.3 Fears, Hopes, and Myths about Digital Technologies

Beyond learning in the pandemic, digital technologies are the object of seemingly infinite debates, which arise
from opposite points of view.

On the one hand, parents, educators, politicians, and even scientists express the fear that digital technologies
will make us (or rather the young) numb, passive (the younger the children, the greater the concern) (Bauerlein,
2008; Frischmann, 2019). In October 2023, the Swedish National Agency for Education, supported by the
Swedish government, decided to ban all digital media in classrooms with children under the age of six — a
rather drastic measure from a country that had so far prided itself as a forerunner of digital learning and
technology use. Sweden thereby responded to critical voices of politicians and experts who raised concern
that their before “hyper-digitalised approach” had created a rise in screen time and decline in basic skills like
reading (The Guardian, 2023). Similarly, this year the use of cell phones, smart watches, and tablets has been
prohibited for students in Dutch primary and secondary schools. “The Dutch government called them a
‘distraction’ that reduces academic performance and social interaction.” (DW, 2024)

On the other hand, representatives of the same categories exalt digital technologies for the opportunities they
offer of developing skills and cognition with limited effort, freeing the potential of the young generations, and
transforming societies, especially when learning is at stake. Estonia, for instance, still ranks among the highest
countries in the PISA results and holds its digital strategy in high esteem (Education Estonia, 2020).

But what do we really know about the facts that are supposed to justify these hopes and fears?

Before presenting a brief synthesis of the relevant scientific literature aimed at answering this question, we
think it is important to affirm that the use of umbrella terms such as “digital tools” or “technologies for
education” can be misleading. These terms encompass hardware, software and moreover uses that range
from using a computer, a tablet, or a smartphone for doing homework or for writing a text to creating
communities of practice across the globe, from digital tutoring systems to interactive simulations of physical,
chemical, and biological processes!

It is therefore unreasonable to pretend to answer any question which starts with: “Are digital tools or
technologies ..?". Specific questions and answers are needed to assess the value of a tool in relation to
specific learning objectives. In what follows we henceforth aim at presenting relevant evidence susceptible
of orienting educators, trainers, and policy makers towards uses of a range of digital tools and technologies
that have the best chances of producing the desired results. But before that, we need to dismiss some myths
about these objects and their uses, taking up some typical questions from the debate.

Are Technologies making us Dumber?

The inclusion of digital tools in STEM Education in the early years of life raises preoccupations relative to the
effects of the exposure of young children to technology. It is therefore important to answer the question: is
there a risk of encouraging a behaviour that has negative effects on cognitive development?

Most scientific research indicates a statistical association between screen time and diminished cognitive
abilities. For instance, a notable study by Walsh et al. (2018) revealed that children spending over two hours
daily in front of screens exhibited an average reduction of 4.25 IQ points and slowed language development.
However, establishing causality is far from easy. Other studies have investigated the associations between
screen-based media use and brain white matter integrity in preschool-aged children (Hutton et al., 2020). While
it is plausible that screen time adversely impacts children's cognitive performance, and its biological
substrates, it's equally plausible that children with lower cognitive abilities are drawn to screens more than
their peers, or that unmeasured factors, such as reduced time spent in social interaction with adults or with
physical interaction with objects and phenomena in the real world, play a role in this association. A study on
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Canadian children has used statistical tools to disentangle the first two explanations and demonstrated that
there is indeed a deleterious effect of screen time on children's cognitive development (Madigan et al., 2019).
However, this effect is relatively small (unless the exposure to the screens is very high) and it is not possible
to disentangle the effect of time spent on-screen and the effect of time not spent interacting with adults or the
physical world (Yang et al., 2024).

A huge amount of literature points to the importance of social and physical interactions (in addition to sleep,
general health, and nutrition) in order to guarantee an optimal cognitive development (Jirout et al., 2019).

In general, two things are important: (1) the kind of interactions possible during screen time; and (2) whether
the activities that are supported by the given technology and software are apt to foster the thinking abilities
of children.

Why are we Seduced by the Screens?

To better understand the effects of technologies on cognition, we should ask the question of why certain uses
(especially related to social media, gaming, shopping) of technology exert a special attraction on us (young
and less young), and lead to potential misuse or excessive use. Research in cognitive science suggests that
several mechanisms are involved in the seduction “the screens” exert on us (for an overview: Pasquinelli,
2022). Firstly, many of these uses provide quick and relatively low-effort rewards (Fiorillo et al., 2003; Green &
Bavelier, 2006; Griffiths & Nuyens, 2017; Gottlieb et al., 2014; Howard-Jones & Jay, 2016; Koepp et al., 1998;
Tibboel & Liefooghe, 2020). Not only does this way of functioning make them more attractive, but it is possible
that it has an impact in reshaping attentional selection (what we pay attention to). Secondly, social media and
shopping evoke preferences that are hardwired in our brains, such as social interactions, exchange of
information, accumulation of goods (Barkow et al., 1992; Bloom, 2010; Dunbar, 2004; Krach et al., 2010;
Morgan, 2012; Pinker 2000). Thirdly, screens in general tend to exploit perceptual preferences: for colours,
movement, salient sounds, that are also hardwired in our brains (Cavanagh, 2005; Purves & Lotto, 2003). In the
end, the screens and their uses do not need to change our brains to exert an attraction on us, but rather work
as activators of ancient, Darwinian buttons, that provoke a favourable reaction on the side of our brains
(Pasquinelli, 2020). They are just as irresistible as chocolate cakes for our brains (Pinker, 1997).

The capacity of our brains to such attractive stimuli and to give priority to other forms of interactions or to
other phenomena depends on many factors, and the difficulty at exerting control over misuse or excessive use
cannot be attributed to a moral weakness.

Exerting control over strong attractors demands brain maturity at the level of the selective attention and
inhibition cognitive mechanisms, which build up with age and experience but have a non-linear path of
development across the lifespan, with a disruption around puberty and adolescence. Strategies that are self-
imposed or imposed from the outside are in any case more effective than the invitation to make an “effort to
resist”.

Are Technologies Good Tools for Learning?

One could think that digital devices, because of their attractivity, are necessarily good tools for learning,
capable of drawing the attention of the less motivated learners. However, attraction for social media and
gaming does not automatically translate into attraction for learning even when proposed via technological
devices.

Learning demands effort. If we want to remember something we have explored and be able to retrieve it from
memory, neural pathways need to be constructed. This happens when a learner makes an association between
incoming information and information that has been memorised. What is likable in the most popular digital
applications (e.g. games) is that they do not require the same amount or at least the same kind of effort.
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Proposing learning through gaming is thus not a panacea, since what makes games work as motivational
tools does not necessarily apply to learning academic content (Bavelier & Green, 2019; Arztmann et al., 2023;
Howard-Jones & Jay, 2006). Gamification of learning tasks can even produce undesirable effects, i.e.
distractions from the learning task. This is because rich perceptual environments tend to draw all the attention
towards perceptually salient features, such as moving images, colours, sounds that are not per se functional
for learning. This is especially true for children as compared to adolescents and adults (Pedale et al., 2022).
Moreover, developers of gamified learning environments are not necessarily aware of these potential
drawbacks. Fun can thus be added at the expense of deep learning (Almeida et al., 2023). Even animations
have been shown to be functional to learning only in specific cases, as compared to static images and text
(Tversky et al., 2002).

As far as the effects of digital technologies in education are concerned, the following considerations emerge
from authoritative research syntheses.

e While technology can be helpful for complementing other forms of teaching and learning, it can
become a solution in search of a problem. The available evidence shows that technology CAN but is
not always beneficial for students. Its success depends on a wide variety of factors, which include:
the context, the subject area, the content, the pedagogy, the length of the intervention, the integration
of technologies with other forms of teaching and learning, but also the access to technology and the
training and support that are received by the teachers (Hartzman et al., 2023; Lewin et al.; 2019, Riopel
et al., 2019; Stringer et al.,, 2019). Across domains, tutoring systems, computer-assisted learning, and
scaffolding systems used for drill and practice or to complement classroom material and instructions
with personalised instruction or to provide specific hints about how to solve a problem and specific
feedback, seem to have a positive (small to medium) effect (Lewin et al. 2019; Stringer et al., 2019).
However, the scaffolding and feedback provided by teachers seems to be more effective.

¢ In the specific domain of STEM Education, the evidence suggests a small to moderate, positive
impact (Lewin et al., 2019; Stringer et al., 2019).

e Simulations seem to be the most beneficial uses of technology in science, with structured
simulations being more effective than less structured ones. While the evidence is limited,
there are indications that the use of mobile learning with inquiry-based science education
(IBSE) obtains positive results. Using technologies to provide scaffolding and tutoring (e.g.
applications that provide pupils with feedback or meta-cognitive support) is also effective.

e Inthe domain of mathematics, technologies that include drill and practice, simulations, mobile
learning, game-based learning, scaffolding, and intelligent tutoring have shown a positive
impact on learning. Among them, simulations, scaffolding, and tutoring are those with the
greatest effect.

e Globally, it is not easy to provide clear indications for school use.

e Firstly, the research is heterogeneous. Existing studies examine the use of robotics, Al, game-
based learning, virtual reality/simulations, and mobile learning. Therefore, meta-analyses tend
to regroup all these uses into one question.

e Secondly, evidence is scarce. Meta-analyses often report effect sizes that include other
domains or students of different ages. In addition, meta-analyses that focus exclusively on
the use of technology in science education predate 2012.

e Thirdly, existing evidence is equivocal. The success of technologies for improving learning
depends on several internal and external factors (the type of technology, how it is used, the
pedagogical strategies adopted, the nature of the contents to be learnt, and so on). In the case
of science education, for instance, the EEF reports a small-medium (0.3-0.4) overall effect
size, but the range is larger (from 1.5 to -0.3), which means that even in the case of reported
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positive results, some technologies can positively impact attainment, others don’t or have
negative impacts (Lewin et al., 2019; Stringer et al., 2019).
e Fourthly, while technology is changing at a high pace, evidence of impact is slow to gather.

In conclusion, one can hardly answer YES or NO to the effectiveness of digital technologies in general, or of
digital technologies in STEM Education, since their effectiveness will depend on the choices that are made
for their use. However, some general considerations can be extracted from the existing literature
summarised above:

1. Some technologies are potentially more effective than others for STEM Education.
(e.g. simulations, scaffolding, and tutoring tools for teaching mathematics, and structured simulations
and mobile applications associated with inquiries for teaching science and technology)

2. Each new educational product that exploits these kinds of technologies should take into account the
strengths and limitations of the learner’s cognitive functions.
(e.g. the functioning of attention and the specificities of learning at a young age)

3. Educational technologies are to be integrated with other forms of learning.

4. Teachers must implement pedagogical principles that apply beyond the use of technology itself.

Are Technologies making us Smarter?
Scientific evidence also contributes to dismantling an optimistic myth about digital technology: that digital
tools can enhance our cognition, namely memory and attention, while requiring no effort.

Evidence does not support the positive effect of brain-training computer-based activities on cognitive
performances in real life. There's no doubt, scientifically speaking, that the brain is a plastic organ, particularly
during childhood, although it's still capable of modifying itself in adulthood — as shown by the fact that we can
still learn things as adults. Does this mean that the brain's plasticity is infinite? Riding the wave of the myth of
"massive cerebral plasticity”, commercial products designed for well-being or brain gymnastics have invaded
the market. Most of them promise to improve or maintain "brain fitness," boosting memory, attention, and
visual-spatial skills. In the 2000s, research raised hopes that brain training of short-term memory capacities,
via simple computer programmes, could improve attention and reasoning capacities in adult and even child
populations, whether or not affected by attention disorders. However, in 2013, a meta-analysis of experimental
research into the effects of working memory training (Melby-Lervag & Hulme, 2013) confirmed that
immediately after training it is possible to observe, in a robust and significant way, improvements in both
trained and near-trained abilities. However, there was no significant effect in terms of so-called "remote
transfer" (i.e., on non-verbal performance, reading comprehension, arithmetic and more generally on tasks
resembling everyday activities), nor were there effects on the maintenance of these results over time (see also:
Au et al., 2015; Bediou et al., 2021; Chooi & Thompson, 2012; Melby-Lervag & Hulme, 2016; Redick et al., 2013;
Simons et al., 2016).

The least we can say about the impact of digital technologies on learning and development is: it's complicated.
But not insoluble.

Knowledge of the certainties and uncertainties about the effects of digital technologies can help us avoid
sterile, ideological, and polarised debates. And when uncertainties are too big, we can resort to more general
knowledge about how our mind works and learns (i.e., the general knowledge about memory, attention,
learning mechanisms, emotions, motivation, curiosity and more), that the sciences of cognition have been
progressively and steadily producing during the last 70 years (Pasquinelli, 2011). This form of knowledge,
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while not an exact GPS, can be used as a compass, orienting us towards promising directions of teaching
and learning strategies with technologies and helping us avoid dangerous pitfalls.

Are Technologies making us more Gullible?

Just as there seems little justification for attributing to screens the ability to bring about a radical
transformation of our brains, for good or for evil, there seems little justification for attributing to them — alone
- the ability to make us gullible (Acerbi, 2019a, b; Mercier, 2017; Pasquinelli et al., 2020; Pennycook & Rand,
2020; Tennie et al., 2010; Yesilatay, 2021).

When we turn to the sciences of cognition and behaviour, and in particular to the psychology of reasoning and
decision making, we find ourselves confronted with two aspects of our cognitive functioning — epistemic
vigilance heuristics and selective trust — that are important for understanding our reactions to the flow of
information that is made available by new technologies, particularly the Internet and social networks (Harris &
Corriveau, 2013; Sperber et al., 2010).

Firstly, we don't need the media, or even other people, to set up flawed or biased reasoning. Our reasoning
relies on heuristics — silent reasoning operations — which enable us to reason quickly and most of the time
effectively, but which can mislead us under certain conditions (Haselton et al., 2005; Gigerenzer & Goldstein,
1996; Gilovich et al., 2002; Pinker, 2003). Secondly, we are no more gullible than we are vigilant and selective
in our choice of information sources. At a very early age, between 3 and 5, children are selective about their
sources of information: they tend to choose information from adults they know (plausibly because they are
less likely to want to deceive them) (Sperber et al., 2010; Stengelin et al., 2018).

Children gradually develop a sensitivity to the expertise of the source (Sperber et al., 2010; Harris, 2012; Harris
& Corriveau, 2011): before school age, they already know that it's better to turn to a mechanic to have a car
repaired than to a surgeon; and to a doctor if they have a broken arm, rather than to the same mechanic. The
profession is therefore a highly visible, easily mobilised clue that they use to establish expertise. Around age
7, children become sensitive to other cues of competence in their informant. They may even decide that it's
better to take information from someone who seems to have knowledge in a variety of areas than to trust an
informant who is familiar but makes many mistakes in areas the child already knows (Chen et al., 2013;
Corriveau & Harris, 2019; Heyman, 2008; Harris & Corriveau 2011; Mills 2013; Vanderbilt et al., 2011).

These mechanisms of selective trust are henceforth present in children and help select whom and when to
trust. But then why do we make mistakes, fall into the traps of fake news, and why do some (few) fellow
citizens deny the reality of climate change or the health effects of smoking? Our natural critical thinking
mechanisms may have been well calibrated to respond to certain situations in our evolutionary past.
Nonetheless, they may not be well adapted to respond to the new conditions we live in, namely to the
complexity of the contents we are supposed to manipulate, and to the way information circulates in the digital
age (Haselton et al., 2015; Li et al., 2018; Pasquinelli et al., 2021).

It is necessary to supply our natural critical thinking mechanisms with the necessary knowledge and
reasoning skills for facing this complexity. Building scientific and computational literacy in STEM Education
is a chance to promote these skills and reasoning culture (Pasquinelli et al., 2020, 2021).

1.4 From the Youngest Age: Promoting Scientific Culture and Computational Literacy for All is Vital
In the digital age, the necessity of developing computational literacy cannot be overstated. As technology
continues to permeate every aspect of our lives, from education to employment and beyond, proficiency in

computational skills is no longer a luxury but a fundamental requirement for success and participation in
society.
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Computational literacy encompasses the ability to understand and leverage computational thinking, which
involves problem-solving and logical reasoning in a way that computers can execute. It goes beyond mere
technical proficiency with devices and software; it involves understanding algorithms, data analysis, coding,
and the ethical implications of technology (Bergner et al., 2018; Bocconi et al., 2022; Chen et al., 2023; Su &
Yang, 2023; Wang et al., 2024).

We can add to this already large range of competencies needed for responsible participation the necessity of
developing critical thinking skills towards information that circulates by the means of new technologies, the
Internet at large, social networks, and Al (Pasquinelli et al., 2021).

In addition, there is the necessity of developing awareness of the economic, social, health, and environmental
issues raised by the dependency that individuals, and societies at large, are developing towards digital
technologies. Understanding concepts like data privacy, cybersecurity, and digital ethics is integral to ensuring
one's safety and well-being in the digital realm. With an understanding of how algorithms shape information
dissemination and decision-making processes, individuals can critically evaluate digital content, identify
biases, and advocate for transparency and accountability in technology governance. Recognising the
environmental impact of hardware production and the sharing of software and information in digital formats
is essential for envisioning transitions that transcend one domain and consider their interconnectedness
(Feroz et al., 2021).

In conclusion, in an era defined by rapid technological advancements and digital transformation,
computational literacy is indispensable for mature participation and for democratic societies. It equips
individuals with the skills and knowledge needed to thrive in the digital age, participate meaningfully in
society, and contribute to shaping a future where technology serves the collective good.

We might think that representatives of Gen Z are “naturally” tech-savvy, because of their life-long immersion
and constant use of digital technologies. However, evidence shows that the proficient, critical, ethical use of
digital tools and media requires effort and dedicated teaching and learning, as it is true for any other skill or
attitude (Kirschner & De Bruyckere, 2017). The younger users fail at tasks of proficient search on the internet
as much as adults do, and use different technologies such as generative Al or social media for information
use, while none of the two is suitable for the task (Bennett et al., 2008; ECDL, 2014; Elsper & Enyon, 2010;
Fraillon et al., 2020; ICDL, 2018; Judd, 2018). However, parallel to that, there might be chances for learning
communities that organise themselves on platforms to exchange knowledge (e.g., wikis, forums, or social
media).

Therefore, investing in the development of computational literacy is not just prudent; it is imperative for
building a more inclusive, equitable, and sustainable society in the digital age. This is one of the aims of
STEM Education for Sustainable Development, a term coined by some of the authors in a previous paper,
aiming at fostering knowledge and competencies for reasonable action in the world, both locally and globally:
“STEM Education for Sustainable Development encourages children and youth to draw on their STEM
competence and the process of science as a key basis for reasonable action in our world. Knowledge, skills,
and understanding of science, technology, engineering, and mathematical phenomena are vital to helping
students understand global problems and support actions in society that address these challenges in a
meaningful and knowledge-based way” (Pahnke, O’'Donnell & Bascopé, 2019).

1.5 Beyond the Use of Digital Technologies: What do we Know about What Works in STEM Education?

Answering the challenge of effective STEM Education in the digital age is impossible without dealing with
questions about digitality. At the same time the answer cannot be reduced to a matter of “to use, or not to
use”, or even “how to use” technologies in the classroom and beyond.
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The capacity of adopting effective pedagogical methods, gestures, and strategies is crucial for the success of
any educational enterprise, as a growing body of knowledge stresses the fact that teachers play a major role
in the success of their pupils. (Hattie, 2012, 2023). On the side of educators, this capacity depends on the
quality of initial training and continuous professional development, as well as on opportunities for sharing
best practices and collaborating with peers. Many factors are required in order to propose quality training and
professional development, among which is knowing what works in STEM Education.

In the last 20 years, the very question of what works in STEM Education has made the object of inflamed
debates (e.g. about the role of inquiry in promoting learning and understanding) (Aditomo & Klieme, 2020;
Jerrim et al., 2022; Kirshner et al., 2006; Klahr & Nigam, 2004; Lazonder & Harmsen, 2016). It results from these
debates that investigation in science-learning settings can be proposed by the teacher with varying degrees
of guidance, structuring, and explicitness, according to the needs of the students. However, only structured
inquiries have shown to fulfil the objective of promoting the acquisition of knowledge and competences
relative to scientific procedures and methods. Structure and explicitation are thus always necessary when
proposing inquiry for learning (de Jong et al., 2024; Martella & Klahr, 2020; Matlen & Klahr, 2013; Sweller et al.,
2023; Zhang & Sweller, 2024). Explicit teaching should be associated with investigation in the classroom
(Lazonder & Harman, 2016), while the ideal timing for proposing explicitation vs inquiry depends on the
objectives, on the content, and on the prior knowledge of the students (de Jong et al., 2024; Martella & Klahr,
2020; Matlen & Klahr, 2013; Sweller et al., 2023; Zhang & Sweller, 2024).

Beyond global pedagogical methods, several pedagogical strategies have proved their worth in recent years
and deserve to be included in the repertoire of pedagogical gestures for STEM teaching. They are the result of
research into learning and educational science, and have been summarised by national and international
organisations, and in international research syntheses (Bransford et al., 2000; Higgins et al., 2016; Hattie 2012,
2022; Perry et al., 2021). They include formative evaluation and feedback, explicit instruction and training into
metacognitive strategies that favour engagement and autonomy, attention to the effects of implicit and
explicit stereotypes (about gender, ethnic origin, socio-economic status), the control over distractors and the
facilitation of attention in the classroom, behaviour management, and more.

Advances in fundamental knowledge about how the mind works — how we learn, memorise, react to
distractors, focus our attention, acquire deep understanding, generalise, transfer our knowledge, use our
emotions, reason, and much more - provide potential directions for facing the innumerable challenges of
teaching effectively. By drawing on the various sources of evidence and knowledge, education organisations
(like those who represent the IDoS peers) are in a good position for making decisions about how to integrate
technology into STEM Education in the digital age.

All these reasons prompt us to propose a set of six recommendations for early STEM Education in the digital
age and to open up the discussion among a broader field of educators.
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2 Recommendations: Advancing Early STEM
Education in the Digital Age

2.1 Digital Tools: No Demons, No Saviours

The IDoS peers fervently advocate for the educational community to embrace an evidence-based approach to
STEM Education, particularly in the context of the digital age, drawing upon insights from various disciplines
such as cogpnitive sciences, educational sciences, sociology, and experimental economics.

The analysis of current evidence cited in part 1 of this paper does not justify exaggerated hopes or fears
concerning the use of digital tools in the domain of early STEM Education. However, it prompts educators (at
large) to duly justify the use of technology in relationship to specific and clear learning objectives.

Fears that technology is making us dumber and gullible are exaggerated, as much as hopes that they are
making us smarter or could make us learn without effort.

Technology alone does not seem to have the power of overturning our brains, in one sense or the other.
Considerations that apply to cognitive development and to learning in general also apply when digital
technologies are at stake:
¢ high doses of social interaction and of interaction with real world objects and phenomena are key in
order to develop social and reasoning skills;
e in many domains, the acquisition of knowledge is effortful, and for many advanced concepts it
depends or at least is facilitated by explicit teaching.

The use of technology in education should be justified as an answer to specific needs, not just as a decorative
addition to traditional teaching or an innovation for the sake of innovation.

Its potential effects should be anticipated in the light of existing literature, and its effects should be measured.
In other words, the introduction of new technology to education should be part of a wider pedagogical planning
that includes:
e an assessment of the needs and of the context (What's its added value? Are teachers ready for its
use? Is technology widely and equitably available, and is maintenance and upgrading guaranteed?
How favourable is the cost-benefits analysis?);
e an analysis of the literature on current practices, to identify the more promising ones that are in line
with the identified needs and context; and,
¢ aplan for the evaluation of the effectiveness of the interventions.

It is important that students can make the connection between the use of technology and the curriculum
aims.

As stated before, the use of umbrella terms such as “digital tools” or “technologies for education” can be
misleading. Each tool should be used in relation with specific learning objectives, and these objectives should

always remain clear for the learners.

To summarise the findings above we present our first recommendation for advancing STEM Education in the
digital age:
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@ Integrate technology with purpose: Justify digital tools based on clear learning

objectives in STEM Education.

The following examples from the IDoS peers demonstrate how digital tools are integrated into curriculum
materials:

® Several activities available, inquiry-based pedagogy
® The applications allow to explore and take measures in the real world with the help of digital tools

® Aimed at primary school and beyond

By: La main a la pate

? “The Greenhouse Effect”

® Use of computer animations to simulate complex phenomenon that are not immediately available to
direct observation

Based on an inquiry-based approach

Aimed at primary school, middle school and beyond

By: Office for Climate Education

? “Educating for Sustainable Development: Teachers’ Perspectives”

® Research report

® Lists what types of digital teachers want to teach related to STEM4SD

By: Smithsonian Science Education Center

? "“Potz Blitz! Meine Stromwerkstatt | Electricity Workshop”

Learning app for primary school students on the topic of electricity and energy

Allows children to interactively explore situations in everyday-life where electricity is used and to
learn how energy can be used efficiently

® Aimed at primary school

By: Stiftung Kinder forschen
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2.2 Pedagogy First: Learning Goals over Tech Tools

The analysis of current evidence points at the fact that technologies are hollow without an investment in
adopting the right pedagogy for promoting learning. However, living in the digital era means that we might
have to think differently about education (its purpose) and pedagogy (the means).

Attention must be put in the pedagogical methods adopted for guaranteeing the final success of an
educational intervention — with and without technologies.

There’s a growing body of knowledge about the fact that teachers, and the instruction methods they adopt,
play a major role in the success of their pupils. STEM Education has experienced inflamed debates, some of
which, for example, have opposed the use of inquiry in the classroom and explicit teaching. However, the
debate is leaning in favour of combining investigation with guidance, and structuring with explicitness, all
based on the objectives and content to be taught and on the previous knowledge required of the students.

As stated in part 1, other pedagogical strategies have proved their worth in recent years and deserve to be
included in the repertoire of pedagogical gestures for STEM teaching. They include formative evaluation and
feedback, explicit instruction and training into metacognitive strategies that favour engagement and
autonomy, attention to the effects of implicit and explicit stereotypes (about gender, ethnic origin, socio-
economic status), the control over distractors and the facilitation of attention in the classroom, behaviour
management, and more.

Thus, without an effective pedagogy learning cannot be promoted - be that with or without technologies.
The best learning tools are those who support and enhance an impactful pedagogical strategy.

Educators must be aware of the cultural changes in progress, collectively identifying the needs of children
who navigate in a dynamic space of information. At the same time, the possibilities and risks offered to them
by new forms of information access, collaboration, and collective reflection should be known.

Digitality is not just a matter of means. New cultural experiences made possible by technologies impact the
purposes of education.

Children and adolescents growing up in the digital age are making cultural experiences that shape their way
of thinking, of searching for information, of relying on external tools, and of communicating and exchanging
information in new forms of communities. The new habits of information searching (e.g. time-dependent
information searching made possible by the immediate availability of connected portable devices) and of
continuous distance communication have the potential of modifying the way young learners approach the
acquisition of knowledge, the way they collaborate among their peers or search for help from peers and more
expert ones, and the very idea they have of what counts as expertise.

In the domain of science, having answers at your fingertips, available in a very linear way, can change the way
learners rely on expertise from teachers or other (epistemically) authoritative figures.

The very purposes of education, and of science education, are henceforth being extended to take into account
these new habits and what they imply in terms of learning.

See below some more examples by IDoS peers on the use of computer simulations and animations for inquiry-
based learning in the classroom.

To sum up with a second recommendation:
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Prioritise pedagogy: Effective teaching methods must drive technology use in STEM
- not vice versa.

? “Vaccins et vaccination | Coronavirus: Comprendre pour agir”

® Use of videos with animations to introduce the topic of the lesson or to convey knowledge related to
the lesson

® Videos are embedded in sessions that include inquiry-based activities and appropriate guidance by
the teacher

® Aimed at primary school and beyond

By: La main a la pate

? “Les moineaux disparaissent-ils de Paris? Ou vit le lynx boréal?”

® Use of interactive simulations for developing an inquiry activity that requires gathering and
interpreting data, e.g. simulate research in the domain of ecology

® Simulations are embedded in sessions that include different forms of inquiry and levels of guidance
by the teacher

® Aimed at primary school and beyond

By: La main a la pate

? “The climate in our hands”

® Computer animations and videos embedded in pedagogical resources that allow to simulate
complex phenomena, to explore them virtually and to “invite” scientists in the classroom via video

® |nquiry-based approach

® Aimed at primary school, middle school and beyond

By: Office for Climate Education

? “Smithsonian Science for the Classrooms”

® Research shows statistically significant and positive effects of STEM + Digital on student learning
® GradesK-5

® Curriculum plus PD

By: Smithsonian Science Education Center
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2.3 Analogue, Digital, or Hybrid: It's the Quality of Interaction that Counts
Digital tools in STEM Education can add functionalities that make certain forms of learning easier.

In certain cases, it is nearly impossible to propose certain contents or forms of explorations without having
recourse to digital apps and tools that allow to simplify the real environment. For instance, with the use of
augmented or virtual reality children could explore scientific concepts in an interactive way, take a virtual tour
of the human body, explore the solar system, or visualise molecular structures, making abstract concepts
tangible.

Similarly, virtual labs can enhance learning about chemical reactions, physics principles, and biological
processes, without the need for a physical lab space or materials. Technology can thus provide pupils with
additional occasions to practice, with models and feedback, and it seems justified to explore and properly
assess the effects of these tools in STEM Education.

It is important that the introduction of digital tools in education does not happen at the cost of forgetting the
importance of exploring real-world phenomena and problems.

Technology should not substitute but supplement other forms of instruction and of interaction with adults
and the physical world.

e Exploring real-world phenomena and problems impacts student motivation, engagement, curiosity,
understanding, sensemaking, and memorisation.

e As IDoS peers, we do not oppose the introduction of digital tools into STEM Education, and in fact we
have been exploring the use of digital platforms for interaction among peers, the use of portable
devices as measuring tools in the domain of physics lessons, the use of videos and animations for
bridging the real lab and the classroom, and more. However, digital tools are not proposed as
substitutes for real, physical, in-presence interactions whenever these are possible.

¢ Digital tools should not be used as “stand alone” but should be part of a pedagogy that is led by the
teacher and that includes the digital tool as a means toward an objective.

o Digital tools should be integrated in explorative activities that include other forms of interaction as
well (physical, social).

Embracing a hybrid perspective offers a more comprehensive way to navigate digitality in the digital age.

Some experiences in STEM Education can be limited to hands-on physical explorations and done without
digital tools. Others require digital access only (i.e., when the phenomenon or problem is too large, too
complex, too far away, or too small to explore directly in the classroom).

Our hybrid world consists of both digital and analogue components with their respective advantages and
disadvantages. A strict separation between analogue and digital in a hybrid world is no longer appropriate. We
can explore nature with our senses, while, at the same time, use digital tools to document, photograph, zoom
in, analyse with an electronic microscope, listen to a recording of the sounds of birds to identify them.

Technology isn't neutral — it reshapes our understanding of the world, technology itself, and our own identities.
When we focus mainly on the potential of digitality, we're essentially following a technical paradigm that
assesses the world based on its utility, a narrow perspective arising from technology usage. However, the true
significance of digital technology lies not in individual device capabilities but in the interconnected network
they create, forming a shared, ideally universally accessible immaterial realm.

Consequently, the value of an experience should be measured in terms of the quality of the interaction itself,

not in terms of the means through which it is made. When the right digital tools are blended with hands-on and
minds-on experiential learning, good things happen!
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Based on the findings above, our third recommendation is:

@ Enhance, don't replace: Use digital tools to complement real-world STEM learning.

? “Smithsonian Science for Computational Thinking”

® Hybrid learning
® Integrates high-touch (low-tech) to high-tech

® Builds computational thinking in young students ages 8-10

By: Smithsonian Science Education Center

? “MINT geht digital - STEM goes digital”

® Several activities inspired by an inquiry-based pedagogy that allow children to explore and discover
the real world with the help of digital tools

® Aimed at kindergarten and primary school

By: Stiftung Kinder forschen

2.4 Proper Preparation is a Must

The recent history of digital technologies in education (i.e. of electronic whiteboards) is rich with teachings,
positive and negative. Three lessons emerge from experience. In order to have a positive impact on learning,
the introduction of technologies must be thoughtfully planned and accompanied by high quality professional
development for teachers. Therefore, proper preparation is needed. The conditions must be created for the
introduction of new technologies to be properly sustained by any education institution.

Teachers must be properly trained in their use and put in the best conditions to mobilise digital tools in a
way that does not put additional weight on their shoulders but supports them in good teaching.

Teachers should be trained on the “basics” of how to use certain digital tools. In addition, as demonstrated by
the highlighted examples of the IDoS peers in this chapter, teachers should be trained to make the best use
possible of these technologies, to properly blend these tools with other forms of pedagogy.

It is important to verify that digital tools can be easily implemented in the classroom, that the access is made
easy at the level of the hardware, of the software and of the connection. Reports in different countries show
very different levels of readiness.

In some cases, hardware is old and not replaced. In other cases, the hardware is brand new, but software

cannot be installed for administrative and security reasons. Assistance might also be lacking or proper support
for debugging is not available. Worse case, broadband access is low, or the internet connection is failing! For
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a lesson that is fully dependent on technology, this could mean the inability to teach the lesson in the way it
was intended.

Each of these factors can constitute an obstacle that transforms investments in digital technologies useless.
Therefore, proper assistance and support for the technological infrastructure is essential.

Because the mobilisation of digital tools in education is synonymous with a certain amount of systemic
transformation, it should not be done without extensive preparation.

Access for all must be guaranteed.

Costs and anticipated benefits should be properly assessed in advance and choices should be made rationally
by taking into account how much the educational system is ready to invest in the transformation or whether
the system is ready for innovative technologies.

As much as digital technologies can be an opportunity for reaching teachers and learners that have more
difficulty than others to access quality education, they can also become (and have in fact become) a reason
for exclusion (the digital divide). For example, it is not without consequences if resources that can be used
only by a small part of the school population are produced and disseminated. As far as organisations that
propose STEM resources are concerned, it is their responsibility to consider the context in which their
resources will be mobilised, and to assess whether the proposal of digital tools meets the conditions for
equitable education.

At the same time, governments that are decided to invest in the transformation, well-being, and equality of
their country must also be willing to make sufficient funds available that are needed to set the digital
transformation in motion and to keep it running, thus enabling both the supply and infrastructure, as well as a
quality education and training for educators to use digital media in a sensible and competent way.

We therefore conclude:

@ Prepare for success: Invest in teacher training and infrastructure for effective

digital integration that benefits all.

? “Computer-based molecular modeling”

Use of digital tools in chemistry education

Teachers' training programmes to learn how to proficiently use the computational chemistry tools in
the classroom

® Before the project, analysis of costs and access for all. After that, assessment of use and impact
via feedback from users, teacher training course metrics, and scientific research involving in-field
teachers and teacher students

® Aimed at middle school and beyond

By: LUMA Centre Finland
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2.5 Digital Literacy: There's More to Technology than Digital Tools

The reflection about STEM Education in the digital era is not limited to reflecting about digitalisation of
educational strategies or the use of digital tools in the classroom. It is much larger than that.

Digitalisation makes the role of STEM Education even more important for achieving digital literacy at large.

Our society is enduring major transformations that coincide with the accelerated development of digitality (Al,
social media, the transformation of the workforce, mobile phones as personal tools of inquiry, etc). This
transformation imposes the development of a suitable computational literacy, for which STEM Education is
uniquely suited.

The introduction of digital tools in many aspects of our life makes it necessary to teach how to deal with them
intelligently: how to deal with the way information circulates through social media, how Al can help or hinder
thought, and how to use the opportunities represented by the Internet in a wise and healthy way. One aspect
of digital literacy that is required is the development of skills and attitudes for the proficient and ethical use of
new technologies. This strand of digital literacy includes developing students’ critical thinking, media literacy,
ethics, and values education, and developing students’ technical skills.

One of the challenges before us as educators is represented by the pace of change is this: technologies change
rapidly, and digital literacy cannot be static. One of the most important aspects of the transformations that
technologies impose on STEM educators is how to prepare students to adapt and learn flexibly.

The diffusion of digital tools is equally accompanied by the rise of ways of thinking, such as algorithmic,
computational thinking.

These ways of thinking can help develop reasoning in directions that are useful to the workforce of the future,
a part of which will need to master and program new tools, but that are also useful for strengthening decision
making and critical thinking. It is worth noticing that the IDoS peers consider it important to develop this way
of thinking beyond the necessity or the availability of digital tools and propose “unplugged” activities that help
pupils develop algorithmic, computational thinking without the use of any computer or similar device.

Digitalisation gives an opportunity to think about inclusivity and equal access to education.

Whenever the right conditions are met (or better: are created), digitalisation represents a unique opportunity
for promoting and achieving quality education for all. Open Educational Resources (OER) support a shift in
thinking towards a culture of sharing, of collaborating and of inclusion. Thanks to digitalisation and digital
platforms in particular, organisations that operate locally and globally have the possibility of interacting among
them and to create networks — and even networks of networks, as exemplified by the IDoS peers - that can
operate locally and globally, thus bridging gaps between regions of the world (Lundell et al, 2023)

However, inclusivity and equal access (including for students with disabilities) does not mean uniformisation
and the erasing of cultural differences, contextual priorities and constraints, and value-related choices.
Educational organisations that use the facilitations made possible by technology to operate locally and
globally must never forget that while digital tools help build bridges and promote quality education, the latter
is not a synonym of uniformisation (i.e. of “the same education for all”). In other words, quality education must
still be thought of in terms of relevance for the context and the actors that will give flesh to it.

Digitalisation is an opportunity to think about the local-global nature of STEM Education.

With digitalisation, the sharing of experiences and knowledge becomes easier. The circulation of questionings,
ideas, practices, and solutions is now possible multi-directionally. Global challenges are discussed together,
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but solutions can be adapted to one’s specific local situation. The sharing of experiences and knowledge that
are produced locally makes them available at the global level, thus creating opportunities for learning from
concrete cases and practices.

Empower digital literacy: Transform STEM Education to navigate a rapidly changing
world.

A “1,2,3... codez !"

® Progression of activities, plugged and unplugged, aimed at developing digital literacy by developing
computational, algorithmic thinking and a better understanding of how computers and robots work

® Based on national curricula and inquiry-based pedagogy

® Aimed at kindergarten, primary and middle school

By: La main a la pate

? "Les écrans, le cerveau et... I'enfant”

® Activities based on cognitive science research that aim at developing digital literacy by developing
critical, ethical attitudes towards digital technologies

® Aimed at primary school

By: La main a la pate

? “Robotics coding camps”

® Robotics coding camps that aim at developing digital literacy, namely algorithmic thinking and
positive feelings about technology via plugged and unplugged activities that are consistent with the
national curricula

® Aimed at 6-8 years old pupils

By: LUMA Centre Finland
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? “Climate change and critical thinking”

® Escape game aimed at developing critical thinking and argumentation skills in the context of
climate change (assessment of quality of sources of information, media literacy, assessment of
evidence)

® Based on cognitive science research

® Aimed at secondary school and teacher training

By: Office for Climate Education

? “Algorithms in our everyday lives”

® Includes plugged and unplugged activities to improve digital literacy (algorithmic, computational
thinking ethics, critical thinking)

® Choice of activities made on the basis of needs and current trends analysis

® Aimed at 12-15 year old pupils

By: Siemens Stiftung

? “Smithsonian Science for Computational Thinking”

® 2 modules available: Protecting Whales, A weighty problem, both aimed at improving digital literacy
(algorithmic, computational thinking)

Include plugged and unplugged activities, phenomenon- and problem-driven pedagogy
Aimed at 8-12 years old pupils

Based on needs and scientific literature analysis

Measures of satisfaction and impact of the activity conducted via pre-/post- assessment to
understand teachers' growth in understanding of how to integrate computational thinking in the
STEM classroom

By: Smithsonian Science Education Center

? “Digitale Detektiv:innen - mit Kindern die Welt der Daten entdecken | Digital detectives”

® Several activities available that promote digital literacy, namely the understanding of data and how
data circulates on the Internet

Consistent with inquiry-based pedagogy

Aimed at kindergarten and primary school

By: Stiftung Kinder forschen
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2.6 Robust Evidence is Necessary

Research in education and in the sciences of learning and cognition have greatly developed during the last
decades. It is an ethical duty to use the best evidence available in order to shape pedagogical practices and
devise new products for the classroom and for teachers’ training.

Current evidence about “what works” and “why it works” should be used systematically to guide the
engineering of new pedagogical practices and products to enhance the chances that “it will work”.

Current knowledge about the mechanisms that impact learning and well-being in the classroom such as
memorisation, conceptual understanding, attention, emotions, and so on, is also growing at an accelerated
pace, and has displaced some conceptions about learning and development that are unfortunately still
diffused among teachers. It is important that this knowledge is shared among educators, and that it is
employed by producers of resources and of teachers’ training, as well as by decision makers.

More research is required to identify effective practices, with and without digital technology, especially
regarding the early years.

Many areas remain unexplored, while others yield research outcomes that are too distant from practical
application. It is thus important to encourage research on STEM Education, e.g. on the effects of innovative
and traditional teaching practices and learning environments on students’ learning as well as on the
professional development of educators and teachers.

More research is needed to pinpoint where new technologies add value to domains and types of practice,
and to clarify the risks to attention, memorisation, and conceptual understanding for students of all abilities.

For example, 14% of the student population in the U.S. receive special education services under a US law called
IDEA; yet many of these students (over 66.5%) spend 80% or more of their time in general education
classrooms, including in a science class (Ded Brey et al., 2021). This means that STEM educators who received
undergraduate training in general education, need to understand how to integrate technological tools and
software into their STEM classroom to support all students, including students with disabilities. Those
technological tools range from Al generating pictures for students as they compose a report; Al-powered live
transcription (such as Otter.ai) interpreting speech into text for hearing impaired students; Al and intelligent
tutors analysing student performance, and suggesting personalised learning, adapting learning in real-time,
giving feedback, adjusting difficulty, and predicting student behaviour.

However, in all of this, we also must recognise the barriers to using technologies, including ethical and
responsible use of data, the valuable role of human interaction, the costs of professional development, and
the digital divide.

@ Use evidence-based practices: Leverage research to enhance STEM Education and

effective teacher training.
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? “ViLLE"

Collaborative learning platform for evaluation, immediate feedback and learning analytics
Based on evidence about the effects of evaluation and feedback

Rigorous assessment of use and impact realised and published

Aimed at all ages, all possible STEM topics

By: LUMA Centre Finland

2.7 Learning How to Swim in the “Digital Ocean”

How do we help children navigate these complexities of the digital world? Some argue that we must save
children from the possible dangers of digitality and therefore ban digital tools for students; others embrace
the possible chances and argue for early contact and usage of technology from an early age. Maybe there is
a risk in enthusiastic embracement as well as in absolute banning. Sometimes the ocean metaphor is used to
reflect on possible ways to handle these questions (see e.g. Orben, 2024):

“The ocean can be a deadly place for children. But no one would think of banning families from visiting
the beach because of this. Instead, it is rightly assumed that parents are careful and introduce their
children to the ocean. They take them by the hand when they are little. They give them swimming
lessons. We pay lifeguards to monitor what is happening on the water. And at some point, we trust
children to swim alone in the ocean.”

Could this be the right way to learn how to swim in the digital ocean? A very conscious approach, exploring
things under guidance, little by little, slowly but safely, strengthening children to act knowledgeable and
responsibly.

In the next section, part 3, we provide examples from each of the IDoS peers that demonstrate how each

organisation has drawn on the research and recommendations above to support early STEM learners in formal
education settings.
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3 Examples: IDoS Peers’ Actions for STEM
Education in the Digital Age

3.1 Fondation La main a la pate (LAMAP), France

The Fondation La main & la pate (LAMAP) was created in 1995.

Digital Offers for the Classroom

Since its inception, LAMAP has been proposing all of its resources for the classroom online, while some were
also in print, in the form of books. The Foundation has stopped replicating the resources that are made
available through the website and ended the collaboration with print editors: nowadays, resources are
produced only for the website, in PDF format plus animations and videos. This might limit the visibility and
usage of LAMAP resources, since in France teachers are attached to the paper format.

All the contents are available for free, under a Creative commons license.

LAMAP does develop and employ digital tools as part of its educational resources, but activities using digital
tools amount to less than a quarter of the resources. They are aimed at primary school level, middle school
level and above.

FizziQ & FizziQ Junior: observing and measuring applications

A recent example of these activities is represented by pedagogical resources that employ the application
FizziQ as a portable physics lab for measurements. These activities are aimed at primary school level, middle
school level and above.

Smartphones and tablets are concentrates of technology which, for their own operation, embody various
sensors: microphone, accelerometer, gyroscope, magnetometer, luxmeter, and GPS. These sensors can be
used to make reliable measurements as part of science lessons. After having established a partnership with
the start-up Trapéze digital, La main a la pate has thus been developing classroom resources to harness these
functionalities for the teaching of science and technology. The resources deal with classical, curriculum
relevant, topics in physics: how to measure velocity impact, measure the height of a building, the vibrations of
a seism, sound velocity, and more. As of today, 13 scientific challenges for middle and high school and 4
activity sequences for the end of elementary beginning of middle school. In order to deploy the resources with
portable devices, two applications have been developed by Trapéze Digital: FizziQ (aimed at middle and high
school classes) and FizziQ Junior (primary school). The applications are provided via an application store.
However, the resources that use the application are hosted in the La main a la pate website.

In addition to measurements, FizziQ and FizziQ Junior enable users to record their observations in an
experiment notebook, which they can then share with their teacher. FizziQ also offers the possibility of
exchanging results between students and with the teacher, for analysis with office software, for example, or
to encourage group work. In one version, an area dedicated to teachers enables them to download teaching
resources and consult them directly in the application, to help them prepare their class sessions. Similarly, by
sharing protocols and activities, FizziQ encourages the educational community to create a library of royalty-
free experiments.

In practice, the applications run on tablets and smartphones that are used by the pupils, but the activities are
proposed by La main a la pate, structured and guided by the teachers.
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FizziQ | ©LAMAP FizziQ Junior | ©LAMAP

This use is complementary in respect to hands-on activities. Smartphones and tables, and the FizziQ and
FizziQ Junior applications, are only used as measurement tools and as tools for visualizing data, taking notes,
and sharing them. Pupils explore the physical world with these tools. However, in some cases, the tools can
substitute more analogical measurement tools. In a typical usage scenario, the teacher asks pupils to
download the application FizziQ on their smartphones (or downloads the application on tablets made available
in the classroom), then proposes a challenge, let's measure the height of a building! Pupils will have to figure
out methods that creatively use the smartphone to measure the height of a building. In order to guide their
steps, the teachers use a pedagogical resource produced by LAMAP, which provides instructions on how to
set pupils in action for an inquiry. However, teachers can also use the applications FizziQ and FizziQ Junior to
develop their own activities. Because the use of the tool requires previous knowledge and skills, a tutorial and
instructions for use are provided to the teachers.

For the moment, the FizziQ and FizziQ Junior applications are non-commercial tools, free to download from
the application stores. However, the smartphones and tablets and new sensors being added to the mobiles
for enhancing the range of possible measures are of commercial nature. Only some intended users meet these
conditions (especially in primary schools where tablets are required). The only assessment available for the
moment of the use and impact of the tool is represented by metrics.

Understanding vaccinations through videos and animations
Other pedagogical activities produced by LAMAP use videos with animations to introduce the topic or to
convey knowledge. It is the case for instance of the activities belonging to the project Vaccines and
Vaccination for Coronavirus: understanding and acting accordingly. The activities are aimed at the primary
school, middle school level and above.

e Vaccines and vaccinations

e Understanding Coronavirus

PROJET THEMATIQ

Vaccins et vaccination | ©LAMAP Understanding Coronavirus | ©LAMAP

28 EARLY STEM EDUCATION IN THE DIGITAL AGE A White Paper


https://fondation-lamap.org/defi/comment-mesurer-la-hauteur-d-un-batiment
https://www.youtube.com/watch?v=VJtoV2UuYSA
https://www.youtube.com/watch?v=VJtoV2UuYSA
https://fondation-lamap.org/projet/vaccins-et-vaccination
https://fondation-lamap.org/projet/coronavirus-comprendre-pour-agir

Meeting real scientists can significantly enhance the learning experience for pupils and provide them with a
more realistic and authentic image of science, it offers pupils a more authentic and enriching experience,
fostering a genuine interest in science, and helping them develop a more realistic and holistic understanding
of the scientific endeavour. However, it is sometimes difficult to mobilize scientists and have them visit
classrooms in order to deliver scientific contents to pupils. Whenever it is impossible to mobilize scientists in
the classroom, video can be used to produce a part of the intended effect. Also, the intervention of scientists
in the classroom requires preparation, since the scientific content must be delivered in a way that is
appropriate to the level of the classroom and to the specific activities that the teacher wants to develop with
the pupils. For this reason, on several occasions, LAMAP has used video recordings of scientists illustrating
their work. However, this kind of video support can make it difficult to deliver quality information in a limited
time. Video interviews can also be long and difficult to follow for pupils. For this reason, La main a la pate has
developed a collaboration with a production company for the production of a series of short videos, which
combine video interviews of scientists and animations that help summarize, explain and illustrate concepts
with the help of images, so as to be able to deliver rich contents in about 5 minutes. The series is called "Nora’s
interviews”, because the protagonist is a young student conducting the interviews, Nora.

This kind of use of digital tools only requires a support for video viewing, for the entire classroom or for
individual pupils/groups of pupils (most of the intended users in middle and primary schools meet these
conditions). The video is available via a public platform but is embedded in a lesson and is not to be considered
as stand alone. Pupils can eventually watch or replay the video at home, but the intended use is under the
teacher's guidance.

This use is complementary in respect to hands-on activities. The video only serves to introduce the lesson and
provide knowledge that will be useful for the rest of the activities. However, the video substitutes the presence
of the scientist in the classroom.

An analysis of the scientific literature has been realised before developing the videos, relative to research
studies on the effects of videos and animations in science lessons. LAMAP has derived from the literature
some recommendations for good practices that have been implemented in the use of other videos. Namely,
the videos are embedded in lessons and not used stand-alone, they are preceded by a list of questions that
help pupils focus their attention on the relevant information delivered by the video and to select the take home
messages more easily. The videos are then used as a pedagogical support: pupils answer a list of
comprehension questions and discuss their answers with the teacher and the rest of the classroom. The video
can then be watched again and commented on by the teacher.

While the specific use of these tools has only been assessed through usage metrics, the resources
incorporating them were studied to evaluate their educational impact. These resources include formative
assessment tools, and the results can be shared with the LAMAP team.

Collecting data to explore biodiversity in the classroom

A last example can be provided of the use made by LAMAP of digital tools, in which a part of the activity in the
classroom makes use of a small computer-based program to simulate inquiries that cannot be easily done in
the classroom. Scientific enquiries on biodiversity is a project intended for primary and middle school children.
It has been developed in the framework of a research and development project on teaching critical thinking,
and is composed of 3 separate activities related to the topic of biodiversity. The three activities respectively
aim at developing the awareness of the importance of multiplying observations in order to reach more reliable
conclusions. Three different topics are proposed: the study of populations of sparrows in town, the study of
the distribution of lynx in different habitats, the study of the health state of polar bears (mass) at different
locations. The activities take place in the classroom, with the teacher who guides the pupils through their
investigations and the gathering of data. The digital support is required to deal with the part of the activity
where pupils simulate an activity of research in situ, make observations, collect data and represent them in a
table. Pupils work in groups and are guided by the interface. Once they've finished interacting with the
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simulation, they expose their results to the classroom. Since the results do not converge among groups, the
teacher leads the discussion about the reasons for the discordance and makes it explicit the importance of
multiplying observations to arrive at more reliable conclusions. The teacher then introduces a video where a
scientist (three different videos and scientists for the three different topics) describes her/his activity of
research on the particular topic of the activity and stresses the importance of multiplying observations; the
scientist provides concrete examples of how this is done in the framework of his/her research.

It is possible to avoid the use of the digital tool by substituting it with an interactive booklet that simulates the
inquiry. In both cases, the simulation is integrated in a more expansive lesson, which includes discussion
among peers and with the teacher about the results of the observation, the visioning of a video-interview with
a scientist and other activities aimed at the generalisation and evaluation of the take home messages.

The simulation is deployed on LAMAP’s own website. The contents of the interactive activity have been
scripted by the LAMAP team and realised by a teacher who has an expertise in this domain. The simulation
runs on a computer (html) and can be downloaded on a tablet. LAMAP has made this choice after having
assessed the availability of computers, internet connections and tables in school.

The resources that contain the tool have made the object of a research project for assessing their impact. The
protocol has used a pre-post + control groups methodology with equilibrated but not random assignment.
However, the digital tool has not been tested per se but as part of the entire project, which included 6 lessons
of 1 hour each, on the three different topics and combining the use of the tool with classroom discussion lead
by the teacher, videos, evaluation and explicitation.

Digital Offers for Teachers’ Training

Online teacher training is proposed via the dedicated e-learning platform L@map, created 7 years ago. The
Foundation does most of the training on-line via the L@map platform. The platform shares many of its
contents with the official platform of the Ministry of education (Magistére), so that the training modules can
reach a broader audience. However, the Foundation still offers some training in person, especially in the case
of new projects. At the same time, the La main a la pate networks, such as the Maison pour la science network,
remain providers of in-presence training. The online training activities are all for free, with a registration
required.

Science Activities for Children and Families
LAMAP does not propose science activities that are aimed directly at children and families.

Developing Digital Literacy at Large — An Exemplary Case

A big project about computational thinking, coding and robotics was developed about 10 years ago by LAMAP
for pupils from kindergarten to the end of middle school: 1, 2, 3 Let’s code!. The pedagogical goal is to develop
computational, algorithmic thinking and a better understanding of how computers and robots work. The goal
is aligned with the national curriculum in the domain of STEM Education. This content represents only few of
the activities over the global production of the organisation. The activities are aimed at all school levels, from
kindergarten, and include teachers’ training. The nature of the activities is both plugged and unplugged, also
because the plugged activities require internet connection, robots, and computers. These conditions are not
often met in normal classrooms. However, the unplugged versions are adapted to any context. The only
evaluation available is usage metrics.
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Digitalisation, the Pandemic, and Beyond

The Covid-19 pandemic has not changed in a long-lasting way the organisation's use of the internet and digital
tools. During the pandemic, the Foundation has developed new short activities (challenges) and adapted some
of the existing ones so that they could be used from home, with more autonomy on the side of the learners.
However, these activities are no more available on the La main a la pate website.

The pandemic seems to have changed habits in the general public however, and LAMAP has somehow
followed this trend. For instance, LAMAP has launched a series of webinars, in order to present a selection of
our resources. At each webinar, both the creator of the resource and a notable scientist are present.

As far as technology can be deployed in education, in France, the use of digital tools in the classroom on a
daily basis is not yet established. The country is not among the pioneers like Denmark, Estonia, or New Zealand,
where laptops have replaced notebooks, textbooks or paper diaries. France has not experienced a digital
revolution in schools. For example, only 14% of primary school teachers and 36% of secondary school teachers
claim to have their pupils use digital tools daily. However, a second observation also emerges from field
surveys: contrary to the popular belief that "French schools haven't jumped on the digital bandwagon", digital
tools now seem to have taken root in French classrooms, even if they are not used intensively. This is
especially the case in primary, junior and vocational high schools, and paradoxically less so in general and
technological high schools, which focus on a less extensive range of digital tools. Daily use of digital
technology requires a large and accessible computer stock, with a great deal of flexibility, particularly in the
form of laptops.

At college and high school, the level of technical equipment appears to be adequate, even exceeding the
European average (at college one computer for every 4.5 pupils, at general and technical high school one for
every 3.4 pupils, and at professional high school one for every 2.4 pupils). At primary level, on average, pupils
have just one computer for every 12.5. What's more, this average figure conceals major inequalities between
schools and regions. In the least well-equipped schools (which, in our analysis, account for 20% of pupils),
pupils have one computer for almost 33, a level of equipment that makes digital use very limited. In addition
to computer equipment, extensive use of digital teaching aids also requires a good Internet connection. It
appears that broadband connections are not widespread. Here again, inequalities emerge according to level
of education, always to the disadvantage of primary schools. French high schools and colleges are better
connected than their European counterparts, but this is not the case for elementary school. For example, 67%
of French high schools have access to fibre (versus 51% on average in Europe), 45% of colleges (versus 40%
in Europe) but only 24% of schools (versus 31% in Europe (European Commission, 2019)).

Furthermore, for schools, our analyses show that broadband connections are not always associated with good
equipment quality. The two policies (equipment and connection) appear to be independent. Beyond equipment
levels (computers, tablets, and connections), it's also the flexibility of access to equipment that determines
day-to-day pedagogical use. Are computers mobile, is the computer room easily accessible, and is it easy to
connect to the Internet in the school's classrooms? In France, the number of laptops in schools remains low
compared to other countries such as Australia and the United States, where almost all school equipment is
portable. While elementary schools have a significant number of laptops (44% of their hardware), secondary
schools are poorly equipped with laptops or tablets (22% of middle schools' hardware is portable, compared
with 10% in vocational high schools and 9% in general high schools). However, the 2010s saw massive
investment in individual equipment for pupils, particularly middle-schoolers, in the form of tablets, which
complement the equipment installed in schools. Alongside containment, laptop distribution plans are currently
being implemented in several local authorities. Teachers are also complaining that access to computer rooms
in schools is restricted. In addition, the Internet is not always accessible throughout the school.

According to the UNESCO survey on school architecture (2017), only 36% of colleges and high schools have
an Internet connection accessible to students and staff throughout the school. In 22% of secondary schools,
no Internet connection is accessible to students, either in work areas or living areas. Computer equipment is
a necessary but not sufficient condition for the use of digital technology. For digital technology to enter the
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classroom more vigorously, teachers need to be trained in its use. However, both initial and in-service training
have focused little on digital technology, to the point of confinement. As a result, teachers feel poorly trained
in this area. Thus, according to the results of the Talis 2018 survey, only 29% of middle school teachers feel
well or very well prepared in initial training for its use. This is the case for only 16% of primary school teachers.

These contextual conditions impact the choices of LAMAP in terms of the use of digital tools. On the one side
by limiting their use to situations in which it really seems necessary, on the other side by forcing LAMAP to
propose training that helps teachers master the required technology.

LAMAP's Stance on Digital Tools

LAMAP considers it important to foster digital literacy at large. In addition to proposing resources for
developing computational, algorithmic thinking and a better understanding of computers and robots, LAMAP
has developed activities for teaching pupils how to think about digital technologies and social media in terms
of the cognitive functions that are mobilised by these tools: Me, my brain, and the screens. Pupils do science
in the classroom about cognitive functions such as attention and then think about the potential impact on this
important and limited function of the use of screens while doing other activities. Or they discover how different
it is to navigate the 2D and the 3D world of a game and of reality respectively. They work on memory, emotions,
and so on. The screens are hence an opportunity to do science and to see how developing a better scientific
understanding of the natural world (us) can help us orient our choices and decisions. The pupils produce a
chart for the wise use of screens based on the knowledge they have developed. This resource is proposed to
primary school children. The vision behind this activity is that technologies and digital tools cannot be
considered as dangerous or as miraculous per se, since it all depends on the use that is done. Developing
scientific understanding and relevant knowledge is key for making better, more informed decisions about
issues like this.

When digital tools in the classroom are at stake, however, LAMAP is sensitive to the problem of equity, and
considerations about the effective dotation of schools are henceforth important in order to guide the use of
digital tools.

Also, LAMAP supports the view that it is necessary to expose pupils to real explorations of the real world, and
to exchanges between peers and adults that are done in presence and in real contexts. Digital tools can
complete and enhance these kinds of interactions but must be — integrative and not substitutive — used with
parsimony — adapted to the age group — accompanied by the teacher — be really functional to the achievement
of the pedagogical and not just added for modernising the activity.

Finally, teachers must be trained to their use, and one must anticipate potential drawbacks.

3.2 LUMA Centre Finland (LUMA), Finland

The LUMA Centre was created in 2003 at Helsinki University and has become a network of universities
assisting science education in 2013.

Digital Offers for the Classroom

Since the organisation's inception classroom resources have been proposed via the web platform. The number
of activities that are proposed on-line has been growing during the years and exploded during the Covid-19
pandemic. All the proposed materials, activities and/or programmes/software are publicly available, with a
free, OER (adaptable) license, as requested by the funder (Ministry of Education and Culture). Some of the
resources are however also available in print.
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LUMA also develops and employs digital tools as part of its educational resources. Activities using digital
tools amount to about a quarter of the total resources. They are mainly aimed at middle school level and
above.

Here are some examples of LUMA's educational resources that include digital tools: ViLLE, StarT, and the use
of digital tools for chemistry lessons and teachers’ training.

ViLLE

VILLE is a collaborative learning platform developed by the Centre of Learning Analytics of the University of
Turku. It offers students and teachers detailed information regarding their learning process in the form of
immediate feedback and learning analytics. Teachers can create exercises for their personal use, but they can
also utilise materials made by others. Most exercises are automatically assessed which allows teachers to
spend more of their time supporting students. The research focus of the educational developers at universities
behind the Centre is on different aspects of learning and collaboration, which strongly adopts and interacts
with the possibilities of VILLE. For instance, in order to enhance collaboration among peers, ViLLE is structured
so as to include cooperative work during assessment. Students can work on tasks in pairs or groups by using
a single device. With the teamwork mode active, the achieved scores are automatically shared between
students in a group. Tasks can also be anonymously peer reviewed so that only the teacher can see who has
submitted which reviews. Teachers can add other teachers as assistant teachers on their courses. Assistant
teachers can manage the course and its contents as well as follow the students’ progress. This is useful for
special education teachers and other specialists who might wish to observe certain issues arising in the class.

The materials in VILLE include various exercises on programming, mathematics, languages, and other
subjects. In the case of programming, for instance, ViLLE can be used as a platform to analyze coding
exercises (for example Arduino environment) that correspond to the National Curriculum.

Coding exercise in form of a puzzle | ©LUMA Virtual reality | ©LUMA

Teachers can freely use the materials that best suit their needs and, in case there are no suitable materials,
teachers can use built-in exercise editors to create and share their own exercises. All exercises gather a diverse
set of data of the students’ work which teachers can use for assessment and development of teaching
methods. VILLE also includes pre-made Learning Path courses on mathematics, programming, Finnish and
English. Because of their high quality and ease of use VILLE is widely used in Finnish schools. All Learning
Path materials have been developed with the help of Finnish teachers.

e Articleon ViLLE

The tool is free of charge, and even if it requires internet connection and computers these conditions are met

by the vast majority of the final users in Finland. The use of the tool also requires some prior knowledge and
skills on the side of teachers, but LUMA provides usage instructions and learning facilitation.
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Finally, the tool has been pre-tested and assessed. The assessment of use and of impact has made the object
of publications.

Typical usage scenarios are also described in the publications concerning VilLE.

StarT

StarT is a programme for encouraging and facilitating the realisation of collaborative projection STEM for
different communities: kindergartens, schools, and other learning communities. In practice, it is based on a
web platform (connected to LUMA website) that is used to collect and share projects, for finally participating
in a competition for the best projects and best teacher practices on topics that are chosen by the participants.
The web platform is used by the pupils with the teacher's support. The participants use different digital tools
(e.g. videos) in order to share their project on the dedicated website. YouTube videos are then made available
for all for motivation and ideas-sharing. In this way, it is also possible for many people, globally, to see and
evaluate the projects (since the competition includes international voting of best projects and activities).

“In the StarT-programme, we offer learning communities support, recognition and awards for carrying
out interdisciplinary, collaborative project-based learning. We invite schools, kindergartens and other
learning communities as well as other interests to join us in sharing the joy of collaborative learning!
Everyone can participate to StarT-programme by reporting their work. We encourage the learning
communities to participate in the StarT process in a way that best supports their needs. The topic of the
projects is free of choice; the only requirement is that it links somehow to science, technology or
mathematics. Furthermore, students’ active role, collaboration and interdisciplinarity are emphasised.
In the StarT-competition, teachers and students who have carried out projects receive recognition and
visibility on many levels, and best practices and projects are even awarded.” (LUMA)

The programme has been developed by start.luma.fi on behalf of LUMA coordinators, using non-commercial
tools, and has been running for more than 5 years. Its use does not require previous knowledge or skills, but
usage instructions are provided.

From the point of view of the technical requirements, the Internet and computers are required, but most of the
intended final users meet the necessary technical conditions for using the tool. Before developing the
platform, a cost and use analysis had been realised. After its development, the use and interest for the project
have been assessed through the start.luma.fi/en/ website, via a metrics analysis of the access to the website
and to the YouTube videos available.

For a typical usage scenario, it is possible to consult the following page of the platform:
e https://start.luma.fi/en/materials/.

ChemsSketch and other digital programs

A third example of educational resources that employ digital tools is the introduction of commercial and non-
commercial programs such as ChemSketch (ACD Labs), a chemistry drawing program, ChemSense (NSF
research project), animation tool suitable for science education, and Spartan EDU (Wavefunction Inc.), a
molecular modelling software, in chemistry lessons. The project is aimed at middle school pupils and beyond,
according to the national chemistry curriculum. The rationale for choosing these tools is related both to the
motivation aspect - by introducing modern tools in learning science - and to the facilitation of conceptual
understanding, namely understanding via visualisation, in that the tools help support the understanding and
the visualisation of the "unseen" world of chemistry. The tools also allow to add functionalities to a “classical
lesson”, since they make it possible to perform data analysis and generation. However, they are not meant to
substitute other forms of interactions with the chemical world, namely hands-on interaction with real objects
in real laboratories or on materials made available in the classroom.
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While the tools are used by the pupils, with the teachers’ support, teachers need to develop skilled use of the
tools before mobilising them in the classroom. For this reason, the LUMA Centre proposes a teachers’ training
program to learn how to proficiently use the same computational chemistry tools. An online course
(MOOC/Moodle) has been created to support the training and the use of computer-facilitated methods to
enhance chemistry education is also an optional course at JYU for M.Sc. level teacher students.

Prior to developing the tool, there was a phase of pedagogical testing and development together with teachers.
An analysis of costs and access for all has been developed, ensuring that the costs were affordable for the
users and that a great majority of the final users could have access to them. After that, use and impact have
been assessed via feedback from users, teacher training course metrics from Moodle and scientific research
involving in-field teachers and teacher students. The scientific publications related to the project also include
typical usage scenarios.

Digital Offers for Teachers’ Training

Online teaching/learning platforms activities are a necessity in the case of LUMA - especially after the creation
of the 13 centres dispersed around the country. All the LUMA learning/teaching materials are henceforth
published online (digicampus.fi). In-person training is however also present, since it has a larger social
connection aspect and it is done mostly by the Centre, while online training is done mostly through the network.
In-person training involves sometimes other specialists from the contributing universities or connected
collaborators. “We try to find a balance here and things are very often tailored according to the groups” (LUMA).
The training is offered for free, but a registration is required and can be restricted in the case of specific
operational projects.

LUMA sees several advantages and disadvantages in the use of online resources and teachers’ training. The
material is available for everyone, as long as there is access to the internet. In a sparsely populated, large-area
country this is an efficient way to scale up training programs. However, this means that there is no control on
how and where the material is used, e.g. if the material is changed in a "non"-pedagogical way. Online training
also differs from on-site training in the way the training takes place. New pedagogical approaches are needed
to modify current training as new forms of interaction and active learning needs to be implemented.

LUMATIKKA+ -programme for all teachers have Al tools in use. Teachers’ pedagogical content knowledge
(TPCK) is very central in all co-designing of the activities.

Virtual LUMA activities are offering online activities for the teachers. One of the most popular activities are the
so-called e-visits to the university. They are co-designed together with the teachers in order to support their
activities in connection with the curricular requirements and learning targets. The activity portal for teachers
is included in the LUMA national webpages.

Science Activities for Children and Families

LUMA proposes on-line science activities that are aimed directly at children and families. This service is more
recent than the others (it has existed for less than 10 years). It started as a monthly web-based event but
quickly evolved and now employs different platforms: Teams, ZOOM interactive platforms, webpages, etc.
Science camps and clubs can be either online or in presence, science birthday parties often connected with
visits at science labs are on-site. The activities are available for all, adaptable for use in schools and daycares.

Developing Digital Literacy at Large — An Exemplary Case
More than a half of the activities over the global production of LUMA are aimed at promoting a better
understanding of the digital world, media literacy and critical thinking, algorithmic and computational
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reasoning. The activities are relatively recent - they've been proposed for less than 10 years. They are aimed
at all school levels and accompanied by teachers’ training.

A recent exemplary case is represented by the Robotics coding camps, aimed at 6-8 years old pupils. Their
objective is to build and code the actions of robots to teach algorithmic thinking and develop positive feelings
about technology. Pupils acquire coding practices and discover various low-level coding possibilities. While
some of the activities are plugged, and need robots and programmable cards, others are unplugged. The
project responds to the needs related to the national curriculum and is based on an analysis of scientific
research.

An analysis has been conducted to identify what is affordable and usable in a school environment as well:
almost all intended users meet the technical requirements for the activities and the material chosen is as low
expense as possible. LUMA offers assistance, support or training for teachers using the activity. The impact
of the project is assessed via feedback from participants, feedback from instructors, and scientific research.

Exploring nature with digital tools | ©Outi Haatainen

Digitalisation, the Pandemic, and Beyond

Covid-19 changed the education environment overnight. Everything was converted to online approaches. This
was possible because of Finland's advancement in IT infrastructure and accessibility, which precedes the
pandemic. While in schools the availability of IT infrastructure can vary according to the regions, in high
schools all students are equipped with computers. More diversity is present in non-formal and informal
education, which is also a field of activities of LUMA Centre Finland. However, access to mobile phones,
computers, and the Internet is rather good throughout the country. Henceforth, the material conditions are not
an obstacle for the development of digitally assisted activities in the framework of STEM Education. What
matters is that the activities are quality research-based and employed to achieve the strategic and learning
goals.

LUMA's Stance on Digital Tools
Digital tools are perceived as opportunities, never as substitutes for hands-on activities.

“We use them when they are needed to achieve a particular goal like scalability for reaching population
through the country, to devise new pedagogical purposes, to enhance learning and teaching, in training
and in education. There is a need to start early, but we want to enforce the idea of "added value" provided
by the use of technology for learning and teaching. In the end, the use of technology is dictated by the
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outcome targets. Technology can support enthusiasm and interest in science and technology, drive
career choices, provide learning opportunities and equal scalability of actions”. (LUMA)

This position is informed by science, i.e., global research and networks for best practises and educational
innovations. LUMA also values the inputs of teachers as part of a development community and the direct
testing and creation of research hubs to assess the impact of the innovations.

The organisation has published its position statement and recommendations on STEM Education in the digital
age within the National LUMA strategy, and as part of the national RDI Roadmap:

e |LUMA Strategy 2030

e Finnish National STEM Strategy and Action Plan

Best practises on digitalisation are also addressed in the LUMA publications.

3.3 Office for Climate Education (OCE), France

The Office for Climate Education was created in 2018.

Digital Offers for the Classroom

Since the organisation's inception, OCE has used its internet-based platform for proposing resources,
scientific, and pedagogical content for teachers. All resources are online, some also in print. OCE resources
also employ digital tools to convey specific experiences, via videos and interactive animations. Videos are only
online, while some animations have an option to be printed as games and all animations can be downloaded
to be played offline in no connectivity areas. All the resources, including those that employ digital tools, are
available for Free, as Open Education Resources.

Digital tools are meant to meaningfully enhance learning, while being combined or blended with hands-on,
experiential learning. They are not meant to be substitutive of real action in the real world. However, they are
considered to help investigate phenomena that are too complex or for classical hands-on exploration, such as
greenhouse gas effects or interactions within ecosystems. Videos are also used in order to capitalise on
scientific experts, who are not always available in the classroom. Even in this case, pedagogy is the relevant
factor for learning, and teachers use the tools according to the pedagogical principles that animate the rest of
the OCE resources.

The choice of making all the contents available in the form of Open Education Resources is motivated by the
fact that it lowers the entry bar to a new topic to teachers and school systems and contributes to sharing
vetted, quality material on a topic that has a lot of misinformation going around. This choice is also perceived
to have disadvantages, namely the lack of easy tools and methods for monitoring, reporting and or tracking
use post download as there is no way to contact the people who get the material.

The rationale for using digital tools embedded into larger pedagogical resources is that they provide added

functionalities and make it possible to explore phenomena or make experiences that are relevant for learners,
but difficult to realize without technology.
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Learning cards on agriculture | ©0OCE, 2024

"Greenhouse Effect" & “Climate Change and Land”

Two exemplary cases of the use of digital tools in the framework of OCE educational activity are represented
by the multimedia Multimedia animation "Greenhouse Effect" and by the adds-on to the pedagogical
handbook: "The climate in our hands — Climate Change and Land".

The animation "Greenhouse Effect" consists of a Multimedia HTML animation aimed at pupils in primary
school, middle school and above, and it is used by the pupils with the teacher's support. What would the Earth
be without greenhouse gasses? Through this animation, the pupils can explore the role of the greenhouse
effect, how it works, and the impact of human activities on it. In a typical usage scenario, a teacher will use the
animation in class or as homework to further delve into the understanding of the topic of greenhouse effect
with his/her students. This tool is considered an add-on to other hands-on activities to understand the
greenhouse effect. Its use is then complementary in respect to other hands-on activities. The animation is
made available online via the OCE website “but can be downloaded for offline purposes and re-uploaded
anywhere without our knowledge”. It is available for primary school and secondary school pupils but can also
be relevant for teachers’ training. The only requirements of its use are computers/tablets/phones since the
animation can be downloaded and used offline. The use of the tool does not require special skills on the side
of the pupils but some knowledge on the side of the teachers. Instructions for use are provided as well as all
data sources.

This The climate in our hands - Climate Change and Land guide is aimed at primary and middle school teachers
(target: students aged 9 to 15) and offers turnkey sessions based on the investigative approach to help
students understand climate change and the functioning of the land, through experiments or document
analysis. It concludes with proposals for mitigation or adaptation measures to be implemented in their schools
or communities. The resource includes multimedia animations for students as well as short videos featuring
climate experts (to be used at the beginning or end of classroom sessions).

The two digital tools are used by the pupils to understand and discover by themselves but their use in
relationship with the other activities of the resource is structured and guided by the teacher, embedded in a
pedagogical sequence. In a typical usage scenario, the teacher will decide to use a video to introduce or end
a topic in a pedagogical sequence in the book. Or the teacher will use the multimedia animation to further dive
into a topic view in class and can give it as homework to students and later all together comment on the results
in class, or they can do it all together in the class (as a group or individually). Although multimedia animations
can replace some hands-on activities, their use is mostly complementary in respect to hands-on activities. The
teacher too can use the videos for his/her own knowledge.

As for the greenhouse gases animation, the digital animations and the videos in this resource are made

available as OER that are hosted on the OCE website, but teachers and organisations are free to upload them
on their own websites too.
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The use of these digital tools is considered to be motivating, relevant for the learners, to be more cost-effective
and also to provide added functionalities that are not available with non-digital tools and are required in order
to effectively teach the proposed contents. It is the case, for instance, for the animation dedicated to
illustrating food webs, but also for the video interviews to scientists who are seldom available to intervene in
the classroom.

No specific and dedicated analysis or evaluation has been conducted by OCE before developing the digital
tools. After that, OCE has monitored its use and satisfaction via access and usage metrics. The choice of the
tools is thus justified based on experience and for pedagogical reasons, but its effects are not measured yet.

Digital Offers for Teachers’ Training

Most of the OCE training activities are in-person, only few are online. This choice is motivated by the fact that
OCE operates in countries where digital divide is an issue and also by the difficulty of conveying complex
contents on sensible topics in different cultural environments without the support of in-person interactions.
However, one of the OCE international networks, operating in Latin America (ALEC network) has successfully
conducted "large scale" online training, thanks to the involvement of the Centro Mario Molina in Mexico and
Stem Academia in Colombia.

Teacher training course | ©0CE, 2024

Developing Digital Literacy at Large — An Exemplary Case

OCE has produced educational content aimed at developing critical thinking skills. The content is aimed at
pupils as well as at teachers. One of the activities consists of an escape game to develop critical thinking skills
in the context of climate change. The game proposes to understand the nature of science (proven facts) in
opposition to opinions, to explore the principle of modelling and to discover how the IPCC works. In the game,
your uncle, a media personality, has just started a videoconference from Oregon to show that global warming
doesn't exist. It will last an hour and a half. Before the end of his conference, you'll need to find the password
to his videoconferencing account, DEZOOM, to take control of the meeting. This will enable you to take the
floor live and dismantle each and every one of the fallacious arguments you've come up with on your quest,
backed up by scientific arguments. The activity requires internet connection and computers. Instructions for
use are provided and the game can be used during teachers’ training.

Digitalisation, the Pandemic, and Beyond

The covid-19 pandemic has affected the investment of OCE in digitalisation of contents for teachers’ training.
“As everyone we developed a better way of delivering online interventions.” However, after the pandemic, online
training seems to be less desirable for teachers.
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“In the pandemic it was easier to get a high level of participants to online events, after pandemic it is
much harder: many people refuse online interventions and request in person training and conferences.
There is an ache to go back to in-person things, mostly in the education sector, badly hit by hard
closures”. (OCE)

Since OCE operates internationally and collaborates in particular with Latin American and African countries,
digital divide must be taken into serious account when dealing with digitalisation and the proposal of training
and or resources in a digital format, without shying away from technology.

“There is a big digital divide in the countries we operate in generally. However, this does not mean that
all shy away from digital tools. On the contrary in Colombia our own research has shown that teachers
prefer to access new materials from the internet in a pdf format, or other digital formats, rather than
textbooks. Teachers will stick to digital codes they know from daily use (things similar to WhatsApp or
Facebook for example), so as long as no new logic or gestures are introduced teachers can fairly ok
understand how to use animations for example. They also share new resources among themselves
through digital tools very often. However, in some public-school contexts access to the internet and or
devices gets immediately more complicated, although still possible in Latin America. This is not the case
for Senegal, Kenya and Mauritius though.” (OCE)

This lack of uniformity at the international level requires OCE to be adaptable and to envisage alternatives to
digital tools and digitised resources or online training.

“For these reasons, we don't put all our eggs in the same basket and still do and think a lot in an offline
environment. Meaning that we will develop and encourage the use of pedagogical sequences and
activities that are not internet related and with extremely easy materials. And when we propose a digital
tool, it is automatically conceived from the start as a tool that can also be downloaded for offline use.
In some cases these digital tools are also created from the start with adaptations as physical activities.
So, accessibility is really a priority.” (OCE)

OCE’s Stance on Digital Tools

“As long as they're bringing added pedagogical value they can be interesting. They are not meant to replace
everything we do and learn offline." This position is informed by not only by experience and common sense,
but by in-depth scientific literature analysis.

3.4 Siemens Stiftung, Germany

Founded in 2008, Siemens Stiftung is an internationally operative nonprofit foundation with a focus on
fostering 21st-century skills through STEM Education and a future-oriented learning culture. It implements this
through the “STEM + Digitality” approach: Avoids breaking learning into subjects, rather introduces students
to real-life contemporary digital challenges. It advocates creating local solutions to global challenges like
climate change and digital disparity through collective efforts. It works with partners on projects on education
across Africa, Europe, Latin America, and India/Asia.

Education systems are confronted by the exponential growth of computing in a data-driven world dominated
by Artificial Intelligence (Al) and other disrupting digital technologies, exacerbating educational inequity and
skills gaps. Existing teaching and learning processes are often just digitised versions of traditional methods
and there’s a need to recognise 'digital' not merely as a tool, but as a transformative force that can
fundamentally reshape educational practices. By embracing innovative approaches that harness the potential
of digital tools, Siemens Stiftung with its partners set teachers and students on the course to prosper in a
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digitised world. However, technologies are often understood as isolated tools rather than the far-reaching
transformation processes and possibilities they may enable.

Digital Offers for the Classroom

Globally students need to have access to high-quality education irrespective of their geographical location.
Anchored in the United Nations Agenda 2030, education equity forms a guiding principle for Siemens Stiftung.
It implements Open Educational Resources (OER) to unlock the potential of making quality education
accessible to all. OER are free teaching and learning materials that can be modified based on local needs and
redistributed by all under an open license. Since its inception, Siemens Stiftung has developed and co-created
OER for STEM Education including interactive media, graphics, audio files, worksheets, experimentation
instructions, and videos - tailored to meet curriculum standards across countries in Europe, Latin America, and
Africa. On Siemens Stiftung’s Media Portal, teachers can find around 3,500 OER in German and English for a
diverse, exciting STEM classroom experience. Nearly all the teaching materials are available under the Creative
Commons Licence BY-SA 4.0 international open license, fostering co-creation, continuous improvement, and
adaptation of the resources. CREA (Centro de Recursos Educativos Abiertos) hosts over 1,800 free teaching
materials for STEM subjects and related areas in Spanish specifically developed to fit the needs and contexts
of students in Latin America.

With international partners, networks, and strong community engagement, the foundation has developed OER
on pressing issues like climate change and Al among others. OER provides guidelines to teachers and students
to tackle these complex issues embracing an interdisciplinary STEMplus approach, combining STEM expertise
with essential 21st-century skills.

Media package: Climate change series

Students need to participate in discussions around climate change. They need sound basic knowledge of
different positions and be able to evaluate and weigh these positions against each other, considering
misinformation and increasing climate anxiety in society. The content includes understanding global warming,
the impacts of climate change and climate justice. Siemens Stiftung was awarded the 2023 Comenius
EduMedia medal for this climate change series.

Media Package: ChatGPT in the classroom

Responding to the multitude of queries and a sea of information around Al, Siemens Stiftung offers media
packages on Al to introduce students from basics to applications. It opens the door for an Al journey of
discovery and understanding. It provides teachers with practical examples and unpacks the various challenges
that accompany Al.

Blended learning

As the gap between the online and offline worlds shrinks, Siemens Stiftung has blurred the line in classroom
learning by launching blended professional development programmes for STEMplus teachers. These self-
paced training modules are accessible via the Internet without registration requirements and incorporate the
blended learning methodology, combining online components with in-person instructional elements.

Transcontinental hands-on minds-on teacher training programme

Teacher training both digital, analogue as well as blended forms an integral part of Siemens Stiftung’s mandate
on education. Its oldest and international Experimento programme offers a range of hands-on teaching and
learning materials for science and technology lessons that are modular and adaptable to country-specific
needs.

Siemens Stiftung also conducts Design Thinking workshops for teachers by linking creativity with STEM
Education. In Germany, the teacher training workshops involve a hybrid format for STEM teachers that
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combines virtual sessions with collaborative in-person exercises. The United Nations’ Sustainable
Development Goals (SDGs) provide the thematic framework for these workshops.

CREATON STEM+: The digital condition as a starting point for co-creative practices

The "CREATON STEM+" course is a teacher training programme resulting from collaboration between
educational institutions from Chile, Uruguay, and Siemens Stiftung. It brings together teachers from Colombia
and Uruguay to jointly develop an inclusive OER for teaching health topics within STEM Education. The goal is
to enrich the practices of participating teachers and create relevant teaching materials for the educational
community in Latin America, which will be published and distributed on CREA. The OER will enable innovative
pedagogical approaches and facilitate dynamic teaching of health and STEM topics.

Media portal | ©Siemens Stiftung Blended learning | ©Siemens Stiftung

Science Activities for Children and Families

Communities play a vital role in fostering collaboration and sharing best practices among educators -
enhancing the effectiveness of digital education initiatives. Recognising digital tools as a transformative force
rather than mere aids, Siemens Stiftung joins forces with teachers and community members to reshape
educational practices suited for local contexts. It also provides a support network for teachers, enabling them
to navigate the challenges of integrating innovative technologies into their classrooms. Moreover, strong
community engagement ensures that educational programmes are culturally relevant and tailored to the
specific needs of locals, thereby increasing their impact and sustainability. Within Siemens Stiftung’s
international networks, teachers are encouraged to share their knowledge and materials with families and
other community members to provide learning opportunities for everyone. Siemens Stiftung’s Red STEM Latin
America network, for instance, unites and activates educational actors to incorporate community-driven
STEMplus education into national curricula along with teachers’ professional development in Latin America.
The network harbours and connects local projects, programmes, and initiatives in several Latin American
countries known as STEM+ Territories - this is an important outcome of international collaboration.

Developing Digital Literacy at Large — An Exemplary Case

STEM + Digitality: Thrive in a culture of digitality

To achieve the SDG on “Quality Education”, UNESCO advocates developing digital literacy and digital
competencies with a focus on teachers and students. Siemens Stiftung has developed educational initiatives
to foster digital literacy across various age groups. With its “STEM + Digitality”, the foundation nurtures a
future-oriented learning culture where the teaching and learning experiences can keep abreast with the
changes brought by digitalisation. With OER and teachers' training modules across three continents, it
supports a shift towards a culture of digitality. For example, in Ghana, ICT and STEM teachers undergo a web-
based training course on computational thinking, following this they are given materials to put their learning
into practice. Siemens Stiftung provides and trains them on operating an Arduino microcontroller that
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simulates many programming applications. This training ensures that students benefit optimally and learn
with the microcontroller about programming applications.

STEAM Hub: Classroom of the future

Siemens Stiftung’s STEAM Hub Siemensstadt Square in Berlin develops offers and resources for the effective
and meaningful use of digital tools in STEM Education. In partnership with a German non-profit organisation,
a learning space is being designed to empower teachers and students to shape the world using digital tools
actively and sustainably. Hands-on and action-oriented engagement with the digital world known as the “Maker
Education” approach will be deployed in this space. Participants take on roles such as creators and innovators
and are encouraged to develop their own prototypes through programming and experimenting with the use of
cutting-edge technologies such as robotics and virtual reality.

Teacher training in Ghana | ©Siemens Stiftung Interactive learning resources | ©Siemens Stiftung

Digitalisation, the Pandemic, and Beyond

Innovation stems from crisis

UNESCO deems digital technology as a social necessity to ensure education as a basic human right, especially
in the post-pandemic era. The educational disruption unleashed by the pandemic stimulated the urgent need
to synergise technologies and human resources to transform learning approaches and build inclusive, open,
and resilient learning systems. The Spanish language CREA - El Portal de Medios para la ensefianza STEM
was born at the onset of the pandemic in conjunction with our partner organisations in Latin America in
response to the urgent need for high-quality digital educational materials. The open nature of OER allows
Communities of Practice to extend beyond geographical boundaries to enrich the learning experience for
students worldwide.

Siemens Stiftung’s Red STEM Latin America network provided robust support during the pandemic to create
teaching and learning materials as part of the STEM Education for Innovation initiative across the region.
Plugged, unplugged and hybrid teaching content on STEM subjects were created to break new ground with
unconventional ideas, from creative teaching formats to sustainable penetration strategies and unique,
unprecedented collaborative endeavours that brought experts from academia, politics, business and civil
society together. This resulted in creating blended-learning concepts for ongoing teacher training, online
technology education courses, interactive climate change maps, and videos and podcasts on the topics of
health and hygiene.

Siemens Stiftung’s Stance on Digital Tools

Siemens Stiftung advocates for a sustainable digital transformation in the education sector. Be it co-founding
the Forum Bildung Digitalisierung, a public dialogue platform that brings together key stakeholders on
digitalisation in education and contributes to a sustainable strategy for the German education system or co-
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creating future-shaping learning space at the STEAM Hub to enable students to experience cutting edge
technology from robotics to virtual reality. The foundation embraces the role of a facilitator: From providing
high-tech digital tools to students in Berlin to making OER available to students in the remotest region in Ghana
with low to no internet connectivity. Therefore, it sees digital tools more as a bridge that connects societies
by supporting education equity and opening up opportunities for all to pave the way for sustainable social
development.

"Education for future generations means being able to navigate the digital world safely, confidently, and
equally. This is no longer just a task for the individual, it is a shared responsibility that calls on all of us -
educators, institutions, families, and communities - to work together. It is through collaboration and the
exchange of ideas that we can equip the next generation not only to face the challenges of the digital age
but to thrive in it." — Dr Nina Smidt, CEO and Spokesperson of the Board, Siemens Stiftung.

3.5 Smithsonian Science Education Center (SSEC), USA

The Smithsonian Science Education Center (SSEC) is the K-12 STEM Education arm of the Smithsonian. Its
mission is transforming K-12 Education Through Science™ in collaboration with communities across the
globe. To achieve its mission, SSEC has three goals: STEM innovation (promoting authentic, innovative inquiry-
based STEM Education); inclusion (ensuring diversity, equity, accessibility, and inclusion in STEM); and
sustainability (advancing STEM Education for Sustainable Development).

SSEC achieves its goals by developing exemplary standards-aligned curriculum materials and digital
resources (including its comprehensive K-8, research-based science curriculum programme Smithsonian
Science for the Classroom and Science and Technology Concepts for Middle School (STCMS); supporting the
professional development of K-12 STEM teachers and school leaders; building awareness for STEM Education
and providing leadership development through our Leadership and Assistance for Science Education Reform
(LASER) model; and engaging in outreach and research. The organisation was created in 1985.

Digital Offers for the Classroom

The Smithsonian Science Education Center (SSEC) offers online professional development for educators and
educational organisations who work with teachers, using an internet-based platform (Moodle X) to organise
course resources. SSEC also offers instructional resources for download by teachers and parents in a PDF
format and provides digital simulations, eBooks, and online games that teach STEM to early learners.

Many of the SSEC's instructional resources flexibly incorporate digital tools (video and audio clips, web links,
photos, games, simulations, data sets, and more) that provide opportunities for students to investigate, model,
and explain scientific phenomena and solve STEM problems that may be inaccessible (i.e., too large, too small,
too far away, too big, too complex) to study first-hand in a traditional STEM classroom. Hence, SSEC'’s digital
tools are meant to meaningfully enhance learning, while being combined or blended with hands-on, experiential
learning and not meant to be substitutive of real action in the real world.

SSEC's digital tools are intended for all school levels: kindergarten, primary school, middle school, and
secondary school and are also used outside of school. SSEC’s digital resources are free of charge for the
users.

For resources used in the classroom, a digital teacher’'s guide helps teachers effectively integrate these
resources into instruction and includes everything for planning, preparing, teaching, and assessing. Teachers
can easily assign digital resources at the point of use within instruction. A digital assignment management
system allows easy, at-a-glance monitoring of individual, group, or class progress.
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However, SSEC recognises that there is tremendous variation in access to technology across classrooms in
the United States and internationally. Not all teachers in the United States have access to computers in their
classrooms. As a result, SSEC is very intentional in developing resources that fall along the “technology
spectrum” — from high-touch (low-tech and uplugged) to high-tech (plugged).

These conditions affect the organisation's use of digital tools. All embedded digital resources are noted with
an online icon to support teachers who do have access to computers. Teacher tips supply suggestions for
modification based on limited technology availability. Tech tips provide suggestions for additional ways to
incorporate technology into lessons without embedded digital resources.

Digital Offers for Teachers’ Training

Since the Covid-19 pandemic, some of the teachers’ training activities and materials have been proposed on-
line (while others remain in-person). They’re made available for free, but a registration is required. In some
cases, only teachers and professional development providers who participate in the training can have access
to the teachers’ training material because SSEC considers it important to participate in the professional
development actions before getting the accompanying resources. In other cases, such as with SSEC’s large 5-
year randomised control trial study (2019-2024) on the efficacy of its three-dimensional “Smithsonian Science
for the Classroom” curriculum and professional development, the digital professional development guides
were made available on SSEC's website for all users.

Science Activities for Children and Families
Since the creation of the first digital games in 2014, SSEC has been offering free activities on-line that are
aimed directly at children (up to 10 years old) and at their families.

Developing Digital Literacy at Large — An Exemplary Case

SSEC also develops educational content aimed at developing algorithmic and computational reasoning, which
include basic computer science skills, critical thinking, media awareness, and the use of 3-D printers. One
example is the Smithsonian Science for Computational Thinking project (SSfCT). SSfCT includes at present
two instructional units (Grade 3: Protecting Whales, and Grade 5: A Weighty Problem), available in English and
Spanish, aimed at 8-12 years old students. Using a phenomenon- and problem-driven pedagogy, elementary
school students work to define and solve real-world problems and/or explain phenomena in a high-touch to
high-tech environment. The activities are thus both plugged and unplugged (the former require Internet
connection, computers and/or smartphones, programmable cards). Most of the intended users meet the
technical requirements for the activity, while the latter are realised without dedicated technology. SSfCT is
aligned to the U.S. Next Generation Science Standards, the Computer Science Teachers Association K-12
Computer Science Standards, the ISTE Standards, and the Common Core Mathematics and Reading
Standards. SSfCT promotes transdisciplinary learning by integrating science, technology, engineering, maths
(STEM) and computational thinking (CT). By taking a high-touch to high-tech approach to teaching
computational thinking in a science classroom, all students can improve their digital literacy, with and without
access to computers and other high-tech devices. SSEC also developed accompanying teacher professional
development courses.

Before developing the activities, SSEC conducted a thorough analysis of the needs, of the teacher training
necessities, and of the relevant literature to gather information about the efficacy of analogous products. The
SSEC then developed accompanying Professional Development Guides for teachers and accompanying online
Moodle Courses. After that, the user satisfaction and impact of the activity was measured — namely the impact
on knowledge/skills by conducting a study (pre- post- assessment) to understand teachers' growth in
understanding how to integrate computational thinking in the STEM classroom.
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Digitalisation, the Pandemic, and Beyond
The COVID-19 pandemic accelerated the adoption of digital tools at SSEC.

“We began offering online professional development once the pandemic happened because we had to.
We wanted to make the transition to virtual learning before the pandemic, but we did not have the tools...”
- says Dr Carol O’Donnell, Director of the Smithsonian Science Education Center.

After the pandemic, SSEC has continued to use virtual learning, and now it seems natural to do so, inside and
outside the organisation. “At the beginning, everyone struggled with using technology; today it is hard to
believe that we had little experience working virtually.”

The main advantage of proposing content for the classroom and teachers’ training via an internet platform is
that the SSEC action has a broader reach, which is a real necessity when dealing with a large national territory
as it is the case for the USA, and a real opportunity for working globally. Its Smithsonian Science for Global
Goals free community research guides for youth, along with their accompanying digital Story Maps, are one
example.

SSEC's Stance on Digital Tools

“When we do use digital assets, they are to help students discover and understand something that is too
small, too large, too big, or too complex to study first hand in the classroom. When the right digital tools
are blended with hands-on, experiential learning, good things happen!"

The Director of the SSEC Dr. Carol O'Donnell's TEDx talk demonstrates the organisation's stance on the
importance of hands-on learning and how to integrate digital tools into experiential learning in STEM
classrooms.

This position is informed not only by experience and common sense, but by in-depth scientific literature
analysis.

3.6 Stiftung Kinder forschen, Germany

The non-profit Stiftung Kinder forschen (Little Scientists Foundation) was founded in 2006 and is Germany's
largest early childhood education initiative. With a focus on STEM Education for Sustainable Development, the
aim of the programme is to strengthen children for the future, provide them with important skills, and enable
them to act in a sustainable way.

The continuing professional development (CPD) programme of Stiftung Kinder forschen supports pedagogical
staff at early childhood education and care centres, after-school centres, and primary schools in facilitating
the exploration, inquiry, and learning of children between the ages of three and ten. The Foundation’s offers
range from free online courses to on-site and in-house workshops, educational events, and pedagogic material
for the work with children.

The foundation’s nationwide partner network (over 200 network partners and over 500 pedagogical trainers

and process companions) helps disseminate the foundation’s CPD programme throughout Germany, thus
securing the participation of the foundation’s target group in as many regions in Germany as possible.
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Digital Offers for the Classroom

Learning Apps

Stiftung Kinder forschen offers_a variety of learning apps that are available - free of charge - in several app
stores as well as on an interactive learning website for children, called “Meine Forscherwelt” (a virtual
playground for young explorers, see more below). The learning apps can be used by children of primary-school
age, together with and under supervision of their teachers, and are ideal for linking online and offline lessons.
They can be divided into two categories:

1. Apps on the topic of "electricity and energy": With these apps children can discover the topic of
energy. “What is energy? Where does it come from and how do we generate and use electricity?”
Questions like these can be explored together with teachers, who also find guidelines and tips for
learning support and lesson planning on the Foundation’s websites. The tasks in the apps were
developed by educators and game designers. They have also been extensively tested and optimised
with children.

2. Apps on various STEM-related topics: Both on “Meine Forscherwelt” as well as in app stores children
have access to interactive learning apps on various topics, such as the human body, construction,
mechanics, composting, generating diagrams etc. Here, too, pedagogues find tips on how to
incorporate these topics in their daily exploration and inquiry with children.

Learning Material

In addition to apps, teachers can also access a collection of practical learning material and ideas for the
classroom. Learning cards, work sheets, and material packages exploring STEM topics can be accessed via
the Foundation’s website and downloaded for free, ready to use.

Practice
Furthermore, the website offers over 100 practical everyday ideas for pedagogues to try out with children in
pre- and primary school.

Learning app for primary school students to explore electricity | Interactive learning on ,Meine Forscherwelt” | ©Christoph
©Stiftung Kinder forschen Wehrer/Stiftung Kinder forschen

Digital Offers for Teachers’ Training

Over the course of the last ten years, the Foundation’s training offers for pedagogues have also been expanded
to include online training courses. Now, pedagogues can access online courses, webinars, and online
workshops via the Foundation’s learning platform “Campus”. The courses and materials are free of charge
and the online training only requires registration via the platform.

47 EARLY STEM EDUCATION IN THE DIGITAL AGE A White Paper


https://www.stiftung-kinder-forschen.de/praxisanregungen/ideen-fuer-grundschulkinder/lern-apps/
https://www.stiftung-kinder-forschen.de/praxisanregungen/ideen-fuer-grundschulkinder/lern-apps/
https://www.stiftung-kinder-forschen.de/praxisanregungen/ideen-fuer-grundschulkinder/lern-apps/
https://www.stiftung-kinder-forschen.de/praxisanregungen/ideen-fuer-grundschulkinder/lern-apps/
https://www.stiftung-kinder-forschen.de/praxisanregungen/experimente-fuer-kinder/

Offering training activities online has several advantages for the Foundation and the pedagogues: A larger
number of users can be reached and access is often easier, as no traveling is involved. Except for webinars,
courses can also be taken at any chosen time. Learning online also enhances exchange and collaboration on
the platform, for instance in the form of networks connecting people who could not meet otherwise. While
many teachers and educators appreciate the flexibility of learning online, some prefer the atmosphere of an
on-site learning group, where questions can be asked directly and in person to trainers, where learning material
is ready to be explored hands-on, and where the exchange of ideas happens face-to-face.

_ —

Teacher training on the online learning platform “Campus” | ©Christoph In-person teacher training workshop at the Foundation’s headquarters
Wehrer/Stiftung Kinder forschen in Berlin | ©Christoph Wehrer/Stiftung Kinder forschen

Science Activities for Children and Families

The Foundation’s interactive website for children — “Meine Forscherwelt” — presents STEM topics in an
understandable and accessible way. Being a virtual adventure playground, the heart of the site is the
graphically animated researcher's garden with interactive elements. All educational games focus on scientific
phenomena and are based on everyday experiences. As stated above, some of these games are also available
as apps, such as the "electricity workshop”. The children's sense of inquiry is enhanced through these
interactive games and questions, and they receive useful knowledge online which they can then incorporate in
their everyday life. In the "meeting place’, children ask questions and can answer the questions of other
children. This supports children's participation and design skills in the digital space.

Developing Digital Literacy at Large — An Exemplary Case

Since 2016, Stiftung Kinder forschen has been developing educational offers aimed at promoting digital
literacy at different levels, for children in kindergarten and primary school. Activities cover topics relative to
the understanding of the Internet and the circulation of data, as well as the development of computational
skills and the understanding of how computers, Artificial Intelligences, and the like work. Two examples of this
effort shall be given here:

“Digitale Detektiviinnen — mit Kindern die Welt der Daten entdecken” (“Digital detectives — discovering the
world of data with children) is an ensemble of activities aimed at children in kindergarten and primary-school
age. Their focus is on data and how data circulates on the Internet. Its main objective is to empower children
as citizens of the digital age by making them aware of the role of data in our highly connected world. What is
data and how does it get safely from here to there? How does the internet work? As stated on the landing page
of this programme:

“Digital detectives’ is not about using a tool, it is more about how to raise awareness of data use and
digital devices. Computers and the internet do not simply exist like phenomena in nature; they are man-
made. The great thing about this is that we can have a say in how we shape the digitally connected
world.”
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“Informatik als Abenteuer” — (computer science as an adventure) is a new Open Education Resource (2023)
for teachers to explore with children in elementary school, on the topic of computer science. The landing page
states: “Small computers are hidden in smartphones, washing machines and even cars. They seem to work by
themselves. But how do they know what we want them to do?”

This “adventure” guides children through their discovery of computers and their language - “the land of zeros
and ones” -, of algorithms, programming, data, and Artificial Intelligence. The proposed activities are both
plugged (computers are then required) and unplugged.

“MINT geht digital” — (STEM goes digital). This offer (from 2019) is aimed at pedagogues working with children
in kindergarten and primary school. It provides ideas on how to explore and inquire with the help of digital
tools. The offer is based on the consideration that, while children are born into a digitalised world where
smartphones and tablets are already part of their everyday lives, the knowledge of the purposeful use of digital
tools can broaden their experience of exploration. For instance, the use of an electronic microscope,
connected to a mobile device, while exploring the woods can make visible the fine structure of a leaf or the
wing of a tiny insect. For a meaningful and targeted use of digital media with children in early education,
educational specialists and teachers are needed who are competent in enhancing learning methods with
digital media and enable children to understand, responsibly use and critically reflect on digital media.

In this framework, "MINT geht digital" responds to two major objectives:

1. identify digital media that are suitable for day-care centres, after-school care centres, and elementary
schools;

2. propose ways for using them sensibly in educational everyday practice, and namely for exploring and
discovering in STEM.

The Foundation does not propose strict guidelines about what should be done, but rather presents suggestions
and examples. Teachers and educators find a variety of training and material under this topic, such as
webinars and communities of practice on the online learning platform “Campus”, to gather both inspiration
and practical suggestions for discovering STEM topics digitally with children. In the case of “MINT geht digital”,
the digital tools are used by the pupils with the teacher's support, and it is worth noticing that they are
complementary and not substitutive of hands-on activities: real actions in the real world. The tools must be
supplied by the institution when educators manifest their interest for the resources or be already available in
the school.

Stiftung Kinder forschen has compiled goals and success criteria for early computer science education in pre-
primary and primary education in their 2023 research publication.

“Digital Detectives” — children developing digital literacy | ©Christoph Understanding computer science and algorithms withoug using a
Wehrer/Stiftung Kinder forschen computer | ©Christoph Wehrer/Stiftung Kinder forschen
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Digitalisation, the Pandemic, and Beyond

During the covid-19 pandemic, all the training activities in presence were transformed into online courses. The
pandemic led to a rapid increase in teachers and educators using the Foundation’s CDP programme online. In
August 2021, 50,000 users were registered on the online-learning platform “Campus”. Due to closures of
schools and care centres, many pedagogues finally had the time and access for training and welcomed the
additional offers the Foundation made available in a short time. However, now that most pedagogues are back
to business-as-usual and according to their feedback, in-presence training is still preferred by many teachers
and educators, who consider direct networking and exchange as an important part of their training.

Beyond the pandemic, Germany has been enhancing digitalisation in education with initiatives like the
"DigitalPakt Schule" (Digital Pact for Schools), which allocated 5 billion euros to improve digital infrastructure
in schools. This funding (available from 2019 until 2024) aimed to provide internet access, modern devices,
and educational software to bridge the digital divide. Additionally, as part of their respective digitalisation
strategies, the ministries of education and cultural affairs of the federal states in Germany have set up free
educational platforms for schools in the respective states. Some of these are simply collections of teaching
materials, cloud services and school administration software, but many are also comprehensive learning
management systems (LMS).

However, challenges remain, including concerns about early media exposure's impact on children, varying
levels of digital infrastructure, digital literacy among teachers and students, and the lack of standardised
strategies across regions. (Note: Germany has a federal system where 16 individual states, “Lénder”, have
significant autonomy over their educational policies, which makes it harder to implement uniform digitalisation
strategies and standardised approaches across the entire country.)

These issues create disparities in educational quality and access to digital resources. While Germany is
making significant strides, continuous evaluation, adaptation, and ongoing funding and support are necessary
to address these reservations and infrastructural gaps effectively. Continued investment and development are
crucial to ensure that all students and educators can benefit from digital learning tools.

Stiftung Kinder forschen’s Stance on Digital Tools

Stiftung Kinder forschen views digital tools as a chance for enhancing STEM Education in early childhood. In
their position paper (2021) titled “Digital Education — a chance for good early STEM Education for Sustainable
Development” the initiative advocates for the thoughtful integration of digital tools to support inquiry-based
learning, encouraging critical thinking and problem-solving skills. The Foundation emphasises that digital tools
should complement, not replace, traditional hands-on learning, creating a more engaging educational
experience.

A key component of their approach is professional development for educators. Stiftung Kinder forschen
believes that teachers must be proficient in using digital tools to create meaningful learning experiences. This
includes selecting appropriate resources and integrating them effectively with traditional methods. The
Foundation argues that well-prepared educators can better utilise digital tools to facilitate learning rather than
distract from it.

Addressing concerns about early media exposure, the Foundation advocates for responsible use of digital
tools. They stress that these tools should be used in developmentally appropriate ways, ensuring children are
active participants in their learning rather than passive consumers of digital content.

Equitable access to technology is another critical issue highlighted by Stiftung Kinder forschen. The initiative
calls for investments in digital infrastructure to ensure all children, regardless of socio-economic background,
can benefit from high-quality STEM Education. This includes providing schools with the necessary technology
and resources to bridge the digital divide.
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In summary, Stiftung Kinder forschen supports the integration of digital tools in early STEM Education,
emphasising the importance of professional development for educators, responsible use of technology, and
equitable access to digital resources. Their goal is to create an inclusive and engaging learning environment
that leverages the benefits of digitalisation while maintaining the integrity of hands-on, experiential learning.
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