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Abstract: This paper presents the findings from a systematic review of 29 websites and 13 frame-
works that provide STEM (Science, Technology, Engineering, Mathematics) educational resources for
parents, educators, and children (birth–8 years of age). Our theoretical approach is rooted within a
social semiotic perspective that has indicated that multimodality enables children to use different
types of expression to communicate a message or share an idea. Using the PRISMA methodology and
the narrative document analysis approach, the themes that emerged included how the content and re-
sources available on the websites addressed whether multimodality supported STEM engagement in
an inclusive manner. The findings revealed that there were scarce multimodal resources that engaged
children with fun, interactive, and meaningful opportunities to be autonomous learners (e.g., children
had agency) (n = 11 out of 29), moving between the digital and hands-on physical spaces (n = 8 out of
29), employing gamification for deep learning (n = 4 out of 29), and piquing children’s imagination,
inquiry, and creativity, and links to everyday STEM scenarios were hardly present (n = 10 out of
29). The implications lie in addressing early STEM engagement by considering children’s learning
abilities and agency, bearing in mind parents/educators’ sociocultural backgrounds, confidence in
STEM awareness, and multimodal avenues for communicating STEM learning and inquiry.

Keywords: STEM engagement; early childhood; inclusive STEM; multimodality; representations; inquiry

1. Introduction

As part of the National STEM School Education Strategy, the Australian Government
Department of Education [1] invested AUD64.6 million in initiatives to enhance STEM
(Science, Technology, Engineering, Mathematics) learning opportunities, among which
three were for young children: Little Scientists, Let’s Count, and the Early Learning
STEM Australia project. Nevertheless, early-childhood educators and parents/carers
from educationally disadvantaged backgrounds continue to face challenges in accessing
high-quality evidence-based resources for building children’s STEM learning trajectories
from an early age. Research is also grappling with effective means of providing parents,
educators, and children with authentic and meaningful STEM learning resources that are
inclusive and accessible to all [2,3]. Moreover, emerging research shows how children
engaging in multimodal STEM activities from early childhood begin to learn skills such
as communication, social-emotional skills, scientific literacy, and inquiry about the world
and scientific phenomena around them [4,5]. Regardless of socioeconomic status (SES),
sociocultural background, ethnicity, and gender, it is important to build parents’ and
educators’ capacity to support children’s STEM learning trajectories [6] to be able to tackle
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the declining pattern of children maintaining their positive attitudes towards science,
mathematics, and engineering as they age [7].

Research alerts us to the arguably more important notion of focusing on children’s
intrinsic interest in STEM content areas while they are in their early years of schooling,
which can be scaffolded through teachers’ play-based teaching practices [2,3]. This paper
presents the findings from a systematic review analysis of 29 websites and 13 frame-
works that provide STEM educational resources for parents, educators, and children
(birth–8 years of age). The research question for this paper is to examine the nature of
the role of multimodal learning resources in promoting STEM engagement for children.
This systematic review is timely in addressing inclusivity (e.g., sociocultural) in STEM
engagement, and understanding the role of the multimodal learning experiences (e.g., apps,
games, digital stories, virtual worlds) that educators and parents/carers can meaningfully
use for building young children’s (birth–8 years of age) STEM engagement. Given that
STEM education is a priority for both Australian national and state governments, it is im-
portant to gain insight into the value that existing digital and/or multimodal educational
resources in early childhood attach to STEM education and those that address inclusivity
in STEM engagement.

Building children’s foundation of STEM knowledge and skills such as scientific experi-
mentation, inquiry skills, and design- and technology-related skills is a national priority [5].
Internationally, STEM education is regarded as critical and the one significant arm of educa-
tion that effectively prepares future young generations for the jobs of tomorrow that need
skills such as communication, scientific thinking, inquiry, and becoming digitally compe-
tent [1,8]. Recently, Australia’s Chief Scientist [9] and the Education Council’s National
STEM School Education Strategy 2016–2026 report (currently under national consultation)
stressed the importance of a kind of STEM learning that is inclusive in incorporating the
growing number of girls engaged in STEM-related careers, in line with preparing Aus-
tralia’s future workforce (spanning both vocational and university education and training
credentials). The report recommends ensuring that all students finish school with a strong
foundational knowledge in the disciplines of STEM and the related skills needed for 75% of
future jobs (e.g., mathematics, analytical thinking, digital literacy, problem-solving skills).
It then becomes critical to support parents and educators such as early-childhood profes-
sionals at the forefront of the national priority agenda by providing them with access to
quality evidence-based resources to become confident in the early engagement of children
in STEM education and adapt an inclusive approach in achieving so. In this systematic
review paper, we analyse and discuss 29 websites and 13 frameworks to gain insights
into the value of existing digital and/or multimodal educational resources for children’s
inclusive STEM engagement.

2. Inclusive STEM Engagement—State of the Art

In present times, young children are multimodal learners and communicators [10].
Learning should occur in a context where every child, regardless of their sociocultural
background and ability, has an opportunity to participate in STEM education, such as, for
example, via text, visual, kinaesthetic, aural, and spatial modalities. Multimodal playspaces
allow children to manoeuvre and manipulate artefacts available to them in both digital
and physical spaces [11]. For example, technology-mediated tools as part of multimodal
playspaces allow children to take advantage of new modalities and effectively reach new
ways of making meaning of scientific concepts [12] and maths learning [6] through activities
related to their immediate interests and real-life scenarios. Research such as the botSTEM
project and their underpinning didactical framework address STEM teaching as an inclu-
sive pedagogy that makes use of inquiry, engineering design methodology, collaborative
work, and robotic technologies. Yelland [3] suggests that STEM teaching and learning
encourage children to think beyond one modality while exploring their everyday world,
make interconnections, and rationalise choices about which modality, or combination of
modalities, communicates their message most effectively. Thus, STEM engagement should
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be inclusive for all children and give them the opportunity to become agentic learners via
STEM education.

Recent empirical research is now emerging that addresses young children’s STEM
engagement via technology-constructed resources [12]. For example, studies have exam-
ined the critical role of the teacher and the importance of child–adult interactions during
STEM experiences that are technology-mediated in early-childhood settings: Fleer [13], on
using iPads for digital storytelling; Kewalramani et al. [14], on using the Internet of Toys
(IoToys); games-based learning, both in formal and informal home-based environments to
support children’s STEM and social-emotional learning; Undheim [15], on digital stories
and literacy learning; and Lowrie and Larkin’s study [6], employing maths learning apps
for early STEM learning. These types of studies show us that STEM can be incorporated
into educators’ teaching practice to create rich learning opportunities in an early-childhood
environment where children and teachers can learn and explore technologies together as
part of the repertoire of multimodal learning and interactions.

While considering the technologies constructed and the multimodal teaching and
learning practices in early-childhood education (ECE), it is also important to look at the
seminal ways in which digital learning has been positioned in the research. For exam-
ple, Prensky [16] distinguished the quality of digital learning activities in the following
categories:

• Well-designed activities provide powerful interactive experiences that can en-
hance young children’s learning, foster cognitive skills’ development, and promote
healthy development.

• Poorly designed activities are simple sedentary activities that contribute little to chil-
dren’s learning, skills’ development, or healthy development while being potentially
associated with obesity and poor physical conditions.

Neumann [17] has found that, when studies involving preschool children are being
examined, it is critical to correlate the benefits of using digital activities in different areas of
children’s learning and development such as emergent literacy and experiences that are
well-designed to motivate and encourage learning rather than traditional teaching methods.
Co-operative social interactions among children and adults should also be promoted when
playing digital activities [8,18].

Supportive materials for STEM play and learning (including digital activities) are
designed to indulge the interests and abilities of children, as well as their instinct to
learn. In such cases, children are more likely to develop and strengthen their initiative,
attention, industriousness, and love for learning [19]. However, not all digital activities are
developmentally appropriate and/or inclusive or meticulously designed to enhance how
children learn in the 21st century’s digital era. While much of the available literature on
digital technologies in ECE focuses on the role and use of computers by young children [20],
during the past few years, there has been an increase in research and descriptive literature
about the use of other kinds of technologies. This includes focusing on the rising popularity
of smart mobile technologies and mobile applications (apps) [19], as well as addressing
cultural inclusion in STEM participation.

An important development of digital technologies has been the ability to intuitively
interact with devices such as tablets or robots. The ability to draw on a screen with a digital
pen or fingers, drag and swipe on a screen, or program a robotic toy as part of everyday play
that is multimodal has allowed a new generation of users to move from being consumers to
actively constructing while using these technologies [3,12]. This ability to construct using
digital devices is consistent with constructivist principles that emphasise the importance of
children actively constructing representations of their own understanding (e.g., drawing or
creating a scene using playdoh) rather than consuming another person’s representation (e.g.,
watching a YouTube clip). This is apparent in disciplines such as science, where children
can use arrows to indicate the direction of forces or computational thinking and represent
their understanding of the movement of a Beebot through a course. This construction using
digital technologies further enhances learning by providing children with the opportunity



Educ. Sci. 2024, 14, 604 4 of 22

of having multimodal experiences where the technologies allow immediate audio-visual
or tactile feedback in response to input by the user (e.g., programming a robot and then
allowing it to move as part of everyday play).

3. Theoretical Perspectives

Our theoretical approach is rooted within a social semiotic perspective. Kress [21]
have indicated that multimodality enables children to use different types of expression to
communicate a message or share an idea, thus making their different perspectives visible
to the adults and peers in their learning environment. Multimodality enhances learning
experiences by fostering curiosity, engaging children in inquiry-based learning, and allows
children to explore ideas by exploring multimodal representations and engage in meaning-
making by constructing their own [18,22]. In addition, sociocultural perspectives also
harness the Vygotskian concept of mediation [23], whereby multimodal resources are
viewed as mediating means and learning as a mediating action, and where resources are
important for building up children’s schema, interests, creativity, and inquiry. In this
paper, a multimodal resource is described as a semiotic resource that aids in the making of
meanings and includes not only meanings made with language but other meaning-making
systems such as gestures, actions, movement, aural/sound, haptics/touch, and symbols
that are significant in a child’s social learning environment [14]. Hence, frameworks derived
from a social semiotic perspective assume that meaning-making does not occur in isolation
but in social situations or activities within a learning environment (e.g., physical, digital).
One such framework is Kewalramani and Veresov’s [12] multimodal creative inquiry (MCI)
approach (Figure 1), which underpins the use of semiotic resources for STEM learning and
engagement which has been adapted in this paper as the analytical framework. We explain
our analytical approach in the next section.
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4. Analytical Framework Employed

Research into STEM education has focused on studying how learning is expressed
and developed through social semiotic resources such as verbal and written text and lan-
guage [24]. With the rapid advent of innovative technologies and online learning, especially
in primary and secondary schooling, e.g., [3,10], researchers have recently widened the
scope to include the use of digital resources besides text, language, and physical artefacts
such as apps, games, diagrams. However, there are very few in the early-childhood context
that afford children’s engagement with STEM-related games that are multimodal in nature,
offer open-ended exploration, and allow for children’s creativity and agency [9,11,15]. Our
analytical approach draws upon the MCI approach, which is rooted within a social semiotic
perspective. Learning resources are defined as multiple modes, and the concept of multi-
modality is employed to draw attention to the use of several modes in a certain learning
situation, such as generating inquiry and curiosity for STEM learning and engagement
using multimodal representations [12,24]. The idea of MCI is developed as a framework
to analyse not only STEM subject-specific terminology but also because STEM concepts
are often more abstract and information-dense. The development of multimodal resources
illustrating scientific content, for example, using different means (text, sound, touch, au-
ral, haptic) might be a way to support early learning and agency in STEM engagement,
regardless of the children’s cultural backgrounds, gender, and abilities.

For children to establish early and sustainable ways and means to engage in STEM
learning, it is essential that they are exposed to a variety of multimodal texts, pictures,
games, and interactive books that include technology-constructed learning tools, particu-
larly those which provoke children’s creative inquiry. For example, digital stories, picture
books, and games within different communicative contexts can augment children’s science
learning from an early preschool age [19], as a potential way of sparking a young child’s
belonging to STEM.

The multimodal representation approach considers creative inquiry as a collectively
created way of introducing STEM to young children through three types of multimodal
interactions: child–adult, child–child, child–semiotic resource/digital tool interactions and
communication. These interactions do not solely rely on verbally reproduced ideas that a
child might respond to when prompted by a teacher/parent’s question without showing
creativity and independent thinking. Rather, we have adapted the MCI approach to develop
a “multimodal representation” approach as an opportunity to enhance multimodal learning
from “concept-centred” to “child-centred” and “development-focused”, particularly the one
which allows STEM learning and engagement within children’s everyday environments to
become “creativity-focused”, “experientially focused”, and “representationally focused” via
multimodal interactions which children can draw upon within social learning environments.
Figure 2 depicts the multimodal representation analytical approach we have employed to
analyse the websites and frameworks for children’s inclusive STEM engagement.

The premise for our analysis was to examine STEM websites that required performing
things away from technology: that is, the idea of constructing multimodal representations
via experiential learning and types of multimodal interactions. As noted by Larkin et al. [25],
when technologies and similar means are employed, for example, for young children’s
mathematics learning, experiences need to be thoughtfully designed to enable positive
and meaningful play experiences. Larkin et al.’s [25] study used representations to design
STEM apps that supported the development of logical reasoning using the four conceptual
blocks of decoding, encoding, conditionals, and debugging. Although research has shown
that representations and representational learning and thinking demonstrate a range of
skills—such as how children might process information [20–22], design, build, and create,
our study analysis looks at the lens of multimodal representations for understanding the
nature of multimodal and technology-constructed learning experiences for children’s STEM
learning. As seen in Figure 2, the three types of interactions can account for “real” hands-on
and “messy play” types of experiential learning. Multimodal representations account for us-
ing physical and virtual spaces as a seamless continuum of a child’s STEM engagement and,
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rather than offering monomodal experiences, offer opportunities for children to converge
meaning of abstract STEM concepts and develop imaginary situations [19] within both
digital and non-digital playspaces, leading to cognitive thinking and creative reasoning.
The interactions move across different playspaces due to the tactile nature of the digital
tools available to children; thus, the interactions do not remain static but blend between the
virtual and physical spaces, to provide children with representational fluency. Children’s
ability to move between representations fosters 2D artefacts to become 3D-created artefacts
and representations highlighting experiential STEM learning and representational thinking.
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Given the seminal research around ensuring a child-centred approach while designing
technology-constructed STEM learning experiences [10,20], we were also cautious about
considering the broader ecology of childhood play. In that sense, multimodal represen-
tations should position children’s interests and STEM concepts prevalent within their
everyday environments (formal and informal learning). Secondly, the design of learning
experiences must promote the child as an active user and manipulator of the semiotic
resources available to them in both digital and non-digital playspaces, rather than as a pas-
sive consumer. The next section discusses the state of the art of inclusive STEM engagement
and research around the use of technologies for children’s STEM learning.
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5. Methodology

Using the PRISMA methodology [26], a systematic review of 29 websites and 13 frame-
works (see Figure 3) that supported children’s inclusive STEM engagement was conducted.
Initially, 82 websites that supported children’s STEM engagement were scanned. Data
were obtained from (1) targeted websites, (2) internet search engines, and (3) international
government documents. The inclusion criteria were the following: learning resources to
cater to educators, parents/carers, and children aged birth–8 years, policies, guidelines,
and frameworks that support children’s STEM engagement, and learning trajectories in
digital and/or multimodal ways. Online resources/websites that promoted STEM for
children above eight years of age were excluded.
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Using a narrative document analysis approach [27], the themes that emerged included
how the content and resources available on the website addressed whether multimodality
supported STEM engagement and children’s STEM learning trajectories, especially looking
at the inclusion of girls and children from underrepresented communities and inclusivity
issues. This study’s analytical framework (Figure 2) was used to deduce the themes.

6. Data Analysis

The search terms and synonyms included the following: (STEM, multimodal, digital,
inclusive) AND (experiential, representation) AND (Science, Technology, Engineering,
Mathematics guideline or procedure or framework or governance). For the general Google
search, the first set of search results were restricted to content from Australia to ensure that
we captured Australian-context research around STEM educational websites and the avail-
able resources. Subsequently, the filter for Australia was removed, and the international
search results were reviewed.

Eighty-two websites for documents and learning resources were initially screened
for relevance by title, “who we are”/“about us” webpages, research summaries, or tabs/
webpages. An Excel spreadsheet was constructed, and a synthesis was conducted initially
by the research assistant and the first author, as per the recommendations for systematic
searches using the PRISMA method [26,28]. Full-text documents and resources were
then read to ensure that the documents and learning materials met the inclusion criteria.
Duplicate documents were removed. The first four authors screened a sample of eligible
websites (n = 29) and achieved a good agreement (90%). They subsequently screened
the remaining websites to ensure that validity and reliability were achieved and that
no resources were left behind that might have met the inclusion criteria. The included
governance documents available on the observed websites were synthesised (see Table 1)
in a narrative review, and the results were crosschecked by the research working group
(co-authors named in this paper). The narrative review themes included how the content
and resources available on the website aligned with the early-childhood content (catering
to children from birth to 8 years of age), addressed diversity and inclusion for engaging
children in STEM and whether multimodality supported STEM learning and engagement.
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Table 1. Twenty-nine websites and their related frameworks analysed for a systematic review.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

1

ABC Education
https://education.abc.net.au/
home#!/search/STEM (accessed
on 15 March 2023)
Interactive, meaningful, and
autonomous
No offline hands-on games

All ages up to Year 10
students; all subjects listed

No framework—for
example, GOAT MATHS is
listed as a recommendation
for use for maths learning.

Non-experiential-only curation of
mainly videos, stories, games—only
GOAT MATHS is listed, and it is a
non-experiential, computer-based game

Only GOAT MATHS is listed as
a game for mathematical
thinking, and it does not go
beyond children’s screen use.
No multi-representations

Digital, sound, touch, text
No use of physical space
Use of single modality, videos,
sound, movement, touch

2

Code https://code.org
(accessed on 15 March 2023)
Interactive, meaningful,
autonomous, and offline
hands-on

All ages up to 21-year-olds

American Curriculum (such
as AP Computer Science A)
Self-developed curriculum
modules (e.g., Computer
Science connections)

Computer-based coding projects that
children create using a given project
brief or free play, the use of block coding
to create games and animation; has an
app lab, games lab, and dance lab
(digital use only).

Yes, both computer- and
paper-based (e.g., Dance Party
Unplugged)
Multimodal (paper-based, e.g.,
Dance Party Unplugged and
digital)

Digital, sound, touch, text
No use of physical space

3

Let’s Count
https://www.thesmithfamily.
com.au/programs/numeracy/
lets-count (accessed on 15
March 2023)
Interactive, meaningful,
autonomous, and offline
hands-on

Ages 3–5 years focus on
mathematics

Strength-based approach.
Focuses on parents/carers
and educators

Facebook messenger Bot for daily
suggested activities
Text, chatbot

Computer and interactive with
carers through daily activities
involving conversation about
noticing, exploring, and talking

All types of interactions—text,
digital, sound, touch, and use
of physical space,
Multimodal, but not directly for
children

4

Luma Centre Finland
https://www.luma.fi/en/
(accessed on 15 March 2023)
Interactive, meaningful,
autonomous, and offline
hands-on

StarT programme for
project-based learning;
https://start.luma.fi/en/
(accessed on 15 March 2023)
interdisciplinary,
collaborative project-based
learning for schools and
kindergartens
for kids up to grade 7

No

StarT themes: everyday mathematics,
health and wellbeing, and stars and
space. By participating, you can build
miniature buildings, take a fieldtrip to a
trash can, and program your own
games.

Yes, includes making
constructions, dress-up, and
roleplay even for older kids.
Students engage in creative
inquiry and design artefacts as
per their interests

Has a virtual science lab, needs
a login, and is multimodal: for
example, students observe the
environment to carry out their
own investigations related to
their own interests.
Children’s agency is
valued—The participants watch
the club videos and carry out
their own investigations
according to the instructions.
With the help of a guardian, the
participants can also report their
investigations on Facebook or
Instagram using the hashtags
#startluma and #startgoedu. On
Facebook, students can post
their pictures or videos on the
StarT Facebook page.

https://education.abc.net.au/home#!/search/STEM
https://education.abc.net.au/home#!/search/STEM
https://code.org
https://www.thesmithfamily.com.au/programs/numeracy/lets-count
https://www.thesmithfamily.com.au/programs/numeracy/lets-count
https://www.thesmithfamily.com.au/programs/numeracy/lets-count
https://www.luma.fi/en/
https://start.luma.fi/en/
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Table 1. Cont.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

5

Scratch junior dt hub
https://www.scratchjr.org
(accessed on 15 March 2023)
Interactive, meaningful,
autonomous,
and offline hands-on

Ages 5-7 No
Yes, children can use physical cards or
printed materials to trial the algorithm
first.

Yes, coding is represented as
either a digital or non-digital
version.

Yes, digital and non-digital
modalities

6

Ask Dr. Universe
https://askdruniverse.wsu.edu
(accessed on 15 March 2023)
Non-interactive, meaningful,
and autonomous

EC to Primary and Middle
Primary No No No Yes (Q&A videos, podcast,

cartoon themes, colouring sheet)

7

Everyday learning for STEM
Everyday learning for STEM
(education.sa.gov.au; accessed
on 15 March 2023)
Non-interactive, meaningful
and autonomous
Offline hands-on
Home-friendly
Everyday STEM

0–5 years

STEM resources for
parents/teachers to engage
with offline
Based on Australian EYLF

Yes, a range of offline activities provided NA

Multimodal
representation—touching,
hearing, speaking.
Online resource for offline
activities
While multi-sensory
engagement is involved in the
offline activities, it is not
multimodal.

8

NASA Kids Club
https://www.nasa.gov/
kidsclub/index.html (accessed
on 15 March 2023)
Interactive, meaningful,
autonomous,
and offline hands-on game
Home-friendly
Everyday STEM

K-8 No Yes, a range of offline activities provided Yes, multiple representations
Game, video, and animation
making
Rich modalities

9

PBS Learning Media and
Cyberchase
https:
//www.pbslearningmedia.org/
(accessed on 15 March 2023)
Interactive, meaningful,
autonomous
and offline hands-on game
Home-friendly
Everyday STEM

PreK onwards Yes, US curriculum Yes, a range of offline experiential
activities provided Yes, multiple representations

Apps, games, digital games, and
animations
Rich modalities

https://www.scratchjr.org
https://askdruniverse.wsu.edu
https://www.nasa.gov/kidsclub/index.html
https://www.nasa.gov/kidsclub/index.html
https://www.pbslearningmedia.org/
https://www.pbslearningmedia.org/
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Table 1. Cont.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

10

Science Buddies
https:
//www.sciencebuddies.org/
(accessed on 15 March 2023)
Non-interactive, meaningful,
and autonomous
Offline hands-on
Home-friendly
Everyday STEM
E and P

Kindergarten onwards No Yes, many offline activities provided Video and hands-on activities,
not rich

Video, text, and hands-on
activities
Yes, but not rich

11

The Institution of Engineering
and Technology
https://education.theiet.org
(accessed on 15 March 2023)
No Interactive, meaningful and
autonomous
Offline hands-on
Home friendly

4-16 years of age
Prim–Sec

Teaching resources
Yes Yes, a range of offline activities provided Video and hands-on activity, not

rich

Video, text, and hands-on
activities
Yes, but not rich

12

Little Scientists
https://littlescientists.org.au
(accessed on 15 March 2023)
Non-interactive, meaningful,
and autonomous
Offline hands-on
Everyday STEM

EC only No Yes, offline plays Books and plays, not rich Books and plays
Yes, but not rich

13

Matific
https://www.matific.com/au/
en-au/home/ (accessed on 15
March 2023)
Non-interactive, meaningful
and autonomous
Offline hands-on games

EC–grade 6 No Yes, rich online play Yes, multiple digital
representations Yes, multimodal games

14

Early Learning STEM Australia
(ELSA)
https://elsa.edu.au (accessed
on 15 March 2023)
Interactive, meaningful,
autonomous, and offline
hands-on
Everyday
E and P

EC Experience Represent
Apply (ERA) framework

Yes, online and offline combined,
but online is not directly from the
website

Yes, rich representations Yes, rich representations

https://www.sciencebuddies.org/
https://www.sciencebuddies.org/
https://education.theiet.org
https://littlescientists.org.au
https://www.matific.com/au/en-au/home/
https://www.matific.com/au/en-au/home/
https://elsa.edu.au
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Table 1. Cont.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

15

Scientific PlayWorlds App
https://www.monash.edu/
conceptual-playworld (accessed on
15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on
Home-friendly
Everyday
E and P

EC Conceptual PlayWorld
framework Yes, offline roleplay No, offline only No

16
botSTEM BotSTEM
Interactive, meaningful,
autonomous, and offline hands-on

EC
Needs login Inquiry framework Yes Yes Range of modalities

17

Sesame Street:
https://www.sesamestreet.org/
parents/learning-areas/science
(accessed on 15 March 2023)
Interactive, meaningful,
autonomous, and offline hands-on

EC-related No Yes, arts-related offline activities Yes Multimodal games, videos

18

CS unplugged
https:
//www.csunplugged.org/en/
(accessed on 15 March 2023)
Interactive, meaningful, and
autonomous
Offline hands-on

Ages 5-14 US curriculum Yes, online-based and printable CS
teaching resources

Yes, rich representation,
including digital and physical
representations

Yes

19

Cool Australia
https://cool.org/ (accessed on 15
March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on
Home-friendly
Creating things

EC–Secondary EYLF Yes, hands-on activities, printables, and
non-interactive Yes, but not rich

Mainly non-digital resources,
videos, text, and hands-on
activities

20

Engineering Go For It (eGFI)
http://www.egfi-k12.org/index_
noflash.php (accessed on 15 March
2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on

K-12 No Yes, hands-on activities No Videos, blogs for hands-on
activities

https://www.monash.edu/conceptual-playworld
https://www.monash.edu/conceptual-playworld
https://www.sesamestreet.org/parents/learning-areas/science
https://www.sesamestreet.org/parents/learning-areas/science
https://www.csunplugged.org/en/
https://www.csunplugged.org/en/
https://cool.org/
http://www.egfi-k12.org/index_noflash.php
http://www.egfi-k12.org/index_noflash.php
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Table 1. Cont.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

21

iTeach STEM
https://iteachstem.com.au
(accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on

Age 6 onwards

Self-developed curriculum
(The iSTEM Process)
Affiliated to NSW
curriculum

Yes, a wide range of hands-on activities
Yes, text-based materials and
hands-on activities (some of
them are technology-based)

Yes, but not rich, less interactive

22
Khan Academy
https://www.khanacademy.org
(accessed on 15 March 2023)

K-12 No No No No

23

National Science Teaching
Organisation
https://www.nsta.org/ (accessed
on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on

K-12 US curriculum A range of lesson plans (hands-on
activities) No No—only a text-based modality

24

STEAM Powered Family
https:
//www.steampoweredfamily.com
(accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on
Home-friendly
Everyday STEM

Preschool to middle
school No Yes, a range of hands-on activities Text-based hands-on activities.

Yes, but not rich
Yes, but not rich
Mainly non-digital

25

Teach Engineering
https://www.teachengineering.org
(accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on
Home-friendly
Everyday STEM

K-12

A library of user-generated,
peer-reviewed curricula,
aligning with the NGGS US
curriculum

Yes, rich hands-on activities Not really, mainly hands-on
activities

Videos and hands-on activities
Yes, but not rich

26

The Smithsonian Science Education
Center
https://ssec.si.edu (accessed on 15
March 2023)
Interactive, meaningful,
autonomous, and offline hands-on
Home-friendly

K-12 Self-developed STC
curriculum Yes, a range of hands-on activities

Yes, online-games (but they
need to be downloaded from
the Appstore), videos, and
hands-on activities

Yes, rich digital games,
hands-on activities, and videos

https://iteachstem.com.au
https://www.khanacademy.org
https://www.nsta.org/
https://www.steampoweredfamily.com
https://www.steampoweredfamily.com
https://www.teachengineering.org
https://ssec.si.edu
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Table 1. Cont.

No. Website/URL Age Groups Covered Frameworks Used

Experiential Learning
(Has a Number of Ways to Engage
Children with Science Phenomena,
Numeracy Learning, and Resources to
Build Child Agency

Representational Thinking
(Has Multimodal
Representations and Multiple
Modalities)

Type of Multimodal
Interactions (e.g., Text, Digital,
Sound, Touch, and Physical
Spaces)

27

VCAA STEM professional learning
https://www.vcaa.vic.edu.au/
curriculum/foundation-10
/resources/science/Pages/default.
aspx (accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on

F-10 Victoria Curriculum Yes, a range of hands-on activities No, appears to offer hands-on
activities only

No, appears to offer hands-on
activities only

28

Zoos Victoria
https:
//www.zoo.org.au/education/
digital-programs/digital-
programs-pages/digital-program-
wild-explorers-african-animals/
(accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on

Early
childhood–secondary Victoria Curriculum Yes, hands-on activities No, hands-on activities and zoo

visit No

29

STEM2D
https://www.stem2d.org/
(accessed on 15 March 2023)
Non-interactive, meaningful, and
autonomous
Offline hands-on
Home-friendly

K-12 Self-developed STC
curriculum Yes, a range of hands-on activities Not really, hands-on only Yes, hands-on and videos, but

not rich

https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/science/Pages/default.aspx
https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/science/Pages/default.aspx
https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/science/Pages/default.aspx
https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/science/Pages/default.aspx
https://www.zoo.org.au/education/digital-programs/digital-programs-pages/digital-program-wild-explorers-african-animals/
https://www.zoo.org.au/education/digital-programs/digital-programs-pages/digital-program-wild-explorers-african-animals/
https://www.zoo.org.au/education/digital-programs/digital-programs-pages/digital-program-wild-explorers-african-animals/
https://www.zoo.org.au/education/digital-programs/digital-programs-pages/digital-program-wild-explorers-african-animals/
https://www.zoo.org.au/education/digital-programs/digital-programs-pages/digital-program-wild-explorers-african-animals/
https://www.stem2d.org/
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7. Results

In this study, 29 websites were included as part of the systematic review. The websites
were based on STEM content, aimed at groups of children from birth to 8 years of age,
and we analysed whether the websites provided resources for children’s STEM learning.
For instance, some websites focused on teachers’ planning, professional development, and
networking; hence, these were not included in the findings. Aligning with this study’s ana-
lytical framework (Figure 2), while analysing the data, we found that the content regarding
accessing STEM resources in home-based environments and addressing cultural diversity
and inclusivity issues is considerably underrepresented in STEM learning website resources.
While early-childhood education content is well-represented, the content explicitly for chil-
dren aged from birth to five years is still lacking. Resources for guiding teachers/educators’
STEM practices are usually word-dense (difficult to digest). Multimodal resources that can
be spontaneously and autonomously played by children (e.g., games, manipulatives) are
scarce. Easy-to-read frameworks and guidelines for supporting educators/teachers’ STEM
practices are under-developed. When considering the importance of girls in STEM, the
information for educators and parents is generally text-based. Websites (e.g., the Finnish
StarT programme for project-based learning) provide teachers with specific guidance/tips
to create a STEM classroom. Website content that approaches the broad issue of inclusivity
and gender is rare, with the following websites being the exceptions (e.g., Conceptual
PlayWorlds; botSTEM). A detailed explanation of the findings has been provided and sum-
marised in Tables 2 and 3, with two broad themes emerging: “multimodal representations
and links to everyday STEM learning” and “consideration of children’s learning abilities
and diversity”.

Table 2. Theme 1: multimodal representations and links to everyday STEM learning.

Theme 1: Multimodal Representations and Links to Everyday STEM Learning

Subtheme 1:
Online interactive and meaningful

resources for children’s autonomy and
agency are scarce (11 out of the 29

included websites).

Subtheme 2:
Resources providing experiences on

moving between digital and hands-on
interactions are lacking (8 out of the 29

included websites).

Subtheme 3:
The resources linking everyday STEM

and experiential learning are
under-developed (12 out of the 29

included websites).

Table 3. Theme 2: Consideration of children’s learning abilities and diversity.

Type of Resource Findings

Resources catering for diversity (e.g., cultural, SES) Missing (0 out of the 29 included websites)

Resources considering the learners’ local context and learning styles Scarce (2 out of the 29 included websites)

Resources integrating STEM awareness for parents and educators Missing; however, 12 of the included websites provide
siloed parents and educators resources

7.1. Theme 1: Multimodal Representations and Links to Everyday STEM Learning

An exemplary website of the botSTEM project and the didactical framework addresses
teacher pedagogy and content. It is a gender-inclusive pedagogy that uses inquiry, engi-
neering design methodology, collaborative work, and robotic technologies. The botSTEM
toolkit provides teachers and preservice teachers with assorted teaching practices. The
resources also highlight how important it is for young children to first engage, notice,
wonder, and question. This, in turn, depends on how educators and parents provide the
time and space for children to play in a scientifically stimulating environment. The role of
the adult (teachers in the case of the botSTEM project) becomes critical in scaffolding chil-
dren’s STEM conceptualisations, which subsequently informs how children are “hooked” to
engaging with multimodal resources. The focus then becomes to ensure that educators sup-
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port children’s agency and STEM identity formation, which peaks children’s connections
to STEM.

Another project website, the Conceptual PlayWorlds (CPW) Model [4], demonstrates
how teachers create drama-based and roleplay scenarios for the exploration of science
topics, such as sound, and educators’ scaffolding of children, including toddlers, to imagine
objects tied to the narrative experience of science in a story and motivate children to
think more visually about their world. While it is not possible from toddlers’ language
to determine their conceptual understandings, it is possible to notice their actions and
how they enter play and solve problems. However, the CPW does not construct the play
experiences for parents/educators using technology-constructed tools; rather, it relies on
the premise of imaginary play and tools available in children’s everyday environments,
particularly scientific phenomena. Next, we explain how the following key ideas emerged
in our data as part of multimodal representations and links to everyday STEM learning.

7.1.1. Scarcely Presented Resources That Engage Children with Fun, Interactive, and
Meaningful Opportunities to Be Autonomous Learners (Children Have Agency and Are
Autonomous Learners)

Only 11 websites contained online interactive resources that allowed children to
autonomously explore, whereas only online screen-based games were present on websites
such as ABC Education and Matific. As Gee [29] stated, digital games integrate multiple
representations (e.g., visual image, music, actions), which could provide students with a
multimodal text learning environment. Other forms include simulation (e.g., Luma website)
and coding programs (e.g., Code and Scratch junior). Simulation can offer experientially
realistic learning experiences to children, as it provides students with opportunities to
visualise or interact with the phenomenon being explored that cannot be easily seen or are
not safe to try in the real world (e.g., molecular structures, chemical reactions). Similar to
interactive games, simulation is a multimodal learning environment. A major difference
between simulation and games is that games usually have a goal to play, whereas a
simulation does not have the same approach. For coding and applying critical thinking
skills, the modular programming software is the main approach to teaching children
computational thinking and programming. Children can try various combinations of
function modules, and they can see immediate feedback based on their actions, which
constitutes a multimodal learning context.

7.1.2. Moving between Digital and Hands-On Interactions

When considering whether the websites moved between the digital to the physical
environments, only eight websites contained both online interactive resources and offline
physical activities. These eight websites could be grouped into two categories. First,
websites like ELSA and Code had online resources and interconnected offline activities. For
instance, ELSA provided a range of apps for students to play with and freely explore. It also
offered a variety of related offline activities that allowed students to extend their experiences
with apps further. In this sense, children were exposed to multiple representations (online
digital and offline concrete) of relevant STEM concepts, enriching their learning experiences.
Similarly, programming learning websites such as Code, on top of providing traditional
online programming experiences, offered offline paper-based activities to analogise the
algorithm and programming process on the computer. Second, websites such PBS Learning
and Let’s Count provided online and offline resources in a parallel way. That is, the online
and offline resources were separate and not relevant to one another, just like a library for
various resources.

When exploring websites with games as a tool for learning STEM concepts, only four
websites provided online gameplay (e.g., LUMA Centre Finland’s StarT-programme and
Code). Both the LUMA and Code websites allowed students to create games themselves
by encouraging coding. Another website, The Smithsonian Science Education Center,
did not include online games; however, it recommended a few game apps that could be
downloaded from the Apple Appstore.
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7.1.3. Links to Everyday STEM and Experiential Learning

Only twelve websites provided home-friendly activity resources; nine websites pro-
vided activities utilising everyday home materials (e.g., kitchen, garden). For instance,
everyday learning for STEM had a strong focus on how to conduct STEM activities based on
home resources, such as plants, soil, cooking, and ice. Similarly, Science Buddies provided
rich home-friendly activities, such as, for example, activities exploring the biology of plants
and experiments in the kitchen.

Only 10 websites focused on conducting STEM activities as part of sensory play
experiences in children’s everyday settings and learning environment. This meant that
these websites provided resources that could be easily implemented in everyday home or
early-learning centre (ELC) settings, and STEM concepts were embedded in these activities.
For instance, Science Buddies offered a variety of activities that were suitable for families,
such as making ice cream and flower dissection. Alternatively, CPW mainly targeted
ELCs and provided a conceptual play framework that enabled ELCs to integrate STEM
content into children’s everyday play in centres. The common feature of these activities,
whether for home or ELC settings, was that they utilised existing accessible materials
in the home or ELC and could easily fit into the everyday routine at home or in ELCs.
This meant that they did not require additional time and extra resources, which were two
main challenges for sustainable STEM education in the early-childhood context. It appears
that websites focusing on everyday STEM heavily overlap with the websites offering
home-friendly activities.

7.2. Theme 2: Consideration of Children’s Learning Abilities and Diversity

In this systematic review, none of the included STEM websites catered for different
learning abilities or being culturally inclusive, such as catering to specific cultural diversity,
Indigenous knowledge, or low socioeconomic and diverse cultural backgrounds. Websites
such as the Digital Technology Hub mentioned neurodivergent children’s learning, and
Primary Connections included elements of Indigenous cultural perspectives; however,
these websites were excluded from our analysis due to our scope only being birth–8 years
of age in terms of age groups.

All websites had easy-to-use resources. Online interactives on these websites were
easy to navigate and operate. Offline activities were collated with clear guidance and a list
of materials. However, some websites, such as Matific and ELSA, required a subscription
to obtain full access to the resources, and whether the user had to pay for the resources
was unclear. Only one website, Ask Dr Universe, enabled children to communicate ideas
and wonderings. On this particular website, children could ask questions as a form of post.
The majority of websites that provided platforms such as blogs were not for children’s
communication but for that of parents and teachers.

In the review of the websites, it was found that 12 websites (such as Science Buddies
and PBS Learning) included both parent and educator resources. However, it appears that
all these websites presented parent and educator resources in silos rather than having a
connection between the parent and educator roles, considering the contextual needs and
acknowledging that STEM learning could be diverse based on the needs of parents and
educators and children’s interests. Especially, based on the Australian National Innovation
and Science Agenda [5], where sparking girls’ interests in STEM has become a national
priority, addressing children’s agency to become autonomous learners early-on is critical.
The role of the adult and resources that supported and encouraged adults to engage and
interact with children in STEM activities were also missing in the presentation of the
29 websites. Hence, our systematic review recognised a gap in STEM resources being
able to capitalise on the opportunity to extend or develop STEM learning across both
formal and informal home-based learning environments. The consideration of children’s
learning abilities and diverse needs is an important factor to consider while fostering
children’s creative inquiry and the provision of multimodal avenues of communicating
STEM learning.
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In creating resources which appeal to culturally and ethnically diverse backgrounds,
the resources presented in, for example, the “Let’s Count” and Luma Centre Finland
websites somewhat considered children/parents/educators’ local contexts to anchor STEM
as an everyday learning experience, rather than being reduced to seeing STEM as learnt
and/or taught in siloes and monomodal ways or as text-centric subjects which are based
on speculation and assumptions of how one might want to learn or engage in STEM. The
systematic review found that there were scarce resources that accounted for capitalising and
valuing children’s agency and their preferred learning styles by providing multiple means
of meaning-making: for example, the Luma Centre Finland resources, where students
observed the environment to carry out their own investigations related to their own
interests. Such STEM resources on an online learning platform may be beneficial to users
of diverse cultural and ability groups, enabling children to make choices via differentiated
learning methods.

8. Discussion

The research question for this paper was to examine the role of multimodal learning
resources in promoting inclusive STEM engagement for children. Our study findings
revealed there were scarce multimodal resources that engaged children with fun, interac-
tive, and meaningful opportunities to be autonomous learners (e.g., children had agency)
(n = 11 out of 29), moving between digital and hands-on physical spaces (n = 8 out of 29;
e.g., the Early Learning STEM Australia website), employing gamification for deep learning
(n = 4 out of 29), and peaking children’s imagination, inquiry, and creativity, and links to
everyday STEM scenarios were hardly present (n = 10 out of 29).

With the advent of the digital era, STEM learning resources are becoming more and
more available on digital platforms. However, making STEM connections with resources
available in a digital environment is not an easy task, requiring early-childhood educators
and parents of young children to be educated and aware of how to use resources and how
well said resources align with their teaching philosophies and cultural backgrounds [28].
Further, building adults’ confidence in STEM teaching and allowing them to have access to
resources and multimodal tools that allow children to explore and have first-hand lived
experiences in how STEM knowledge is applied to real-world problems are needed. Achiev-
ing so is necessary to make STEM a personalised journey where each child, regardless of
gender and ability, sees a space for them as part of everyday STEM.

The findings suggest that, while there are many STEM-focused digital platforms for
children, educators, and families to use, none offers all the elements required for a com-
prehensive, multimodal, and inclusive approach to STEM learning. Multimodal resources
that allow children to have agency have been known, both through theoretically rooted
and pedagogical practices, to promote deep meaning-making. Through experiential and
creative inquiry approaches, children engage in STEM with gestures, actions, movement,
aural/sounds, and haptics/touch in social learning environments [21,25,30]. However, in
the digital platforms examined in this research, we found that the websites were limited in
their multimodal approaches, such as providing text-heavy content with some sounds and
haptics to encourage STEM learning. In addition, these platforms targeted the older age
range of children, aged 4–8 years, using text as the main form of interaction.

Few websites encouraged movement between the digital and physical spaces, and
fewer sites used games to support STEM learning. Ideally, moving from digital to physical
spaces would involve educators or parents supporting STEM learning. Kewalramani
and Veresov [12] have suggested that a social semiotic perspective assumes that meaning-
making does not occur in isolation but is situated in social situations or activities within
a learning environment. This cements the importance of delivering STEM concepts in
a manner that can move from the digital to the physical with connections to the social
environment, which could also include games and digital books. Hence, it highlights the
importance of promoting social interactions between children and families/educators as
well as digital elements.
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A limited number of platforms provided the opportunity for children’s imagination,
inquiry, and creativity and links to everyday STEM scenarios. This highlights the need for
digital platforms that can bring STEM concepts into the everyday lives and environments of
children, educators, and families. More importantly, no digital platform considered children
with differing abilities, gender, or low socioeconomic backgrounds, hence disengaging
with what is considered the “everyday”. Unilateral platforms with the vision of one type of
learner limit the opportunity to successfully support STEM learning for all learners.

The analysis and findings of this review found a gap in digital platforms that offered
multimodal representation with a social semiotic perspective, games, and everyday STEM
for children in an inclusive manner from birth to 8 years of age, their families, and their
educators. The websites explored were shown to have covered only one or two elements.
Future research should include exploring the longitudinal outcomes of educators, families,
and children engaging with multimodal STEM resources. A deep dive into whether edu-
cators, families, and children build knowledge, language, understanding, and confidence
when approaching STEM would be beneficial to research in finding ways to connect mul-
timodal learning and engagement in the everyday context. Additionally, there is a need
to explore, within online learning platforms, what types of modes of representation and
digital interactions support STEM learning with young children and parents/educators
from diverse sociocultural backgrounds. In the next section, we provide recommendations
for the future development of multimodal STEM resources that address the gaps found in
this review.

9. Conclusions and Recommendations
9.1. Representation

This analysis has indicated how limited representations of the world are present on
the websites analysed. For children to effectively engage with STEM ideas and practices,
it is critical that they see themselves actively represented in the images on the websites.
It is recommended that websites sharing STEM-related content include a range of repre-
sentations of children (of all colours, abilities, and cultural backgrounds) engaging with
STEM ideas and practices and seek input from relevant practitioners and curriculum
framework stakeholders to ensure that such representations are accurate and not based on
biased stereotypes.

It is recommended that research should explore some of the various reasons postu-
lated by diverse communities for the ways in which they prefer to learn and be involved
in children’s STEM education early-on and the rate at which they resonate with STEM.
There needs to be not only a multimodal but also an inclusive environment, especially
for underrepresented communities, to allow innovation and belonging to flourish and
persist in learning STEM, as one might find the practices of existing educational structures,
systems, and beliefs to be challenging and beyond their level [31,32]. To achieve gender
equity in STEM, we need to incorporate diverse perspectives and priorities, expanding
knowledge and attempting to reduce gaps in understanding girls agency in STEM, for ex-
ample, while simultaneously pushing to discover which STEM practices and values can be
included in and become foundational to Australia’s STEM workforce development [33,34].
Our review findings insinuate the need to start by engaging young children early-on, and
further research on the nature of evidence-based multimodal resources can address cultural,
gender, and socioeconomic diversity.

9.2. Multimodal Representations

This analysis has indicated that text is the most common form of communication on
websites. It is acknowledged that this is likely due to textual information being cheaper
and easier to create and the facts that websites have been created to prefer the sharing of
text and that search engine optimisation (SEO) engines find it more straightforward to
track text on websites, leading to higher ranks on said search engines. However, this can
bias websites against children who may have difficulties with written languages (typically
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only in English) due to factors including not having learned to read yet (relevant for
early-childhood audiences), learning difficulties, or English as an additional language.

Another factor is that text is not always the most appropriate way to communicate
STEM ideas and practices to young children. Certain everyday words and experiences
(e.g., floating and sinking) might be understandable as children may use them at home or
school. However, relying on text-only representations with more abstract concepts (e.g.,
force, gravity) or phenomena that cannot be observed (e.g., photosynthesis, travelling light)
may, at best, lead to a limited understanding or, at worst, the learning of incorrect concepts.

For these reasons, it is recommended that STEM websites use a range of multimodal
representations, such as videos with subtitles, visual images which engage young children,
and, where appropriate, models or representations which add to children’s understand-
ings of STEM ideas and processes (e.g., the use of arrows to demonstrate the direction of
forces). Additionally, representations that can be manipulated (e.g., simulations and inter-
active games which are adaptive based on children’s abilities) to allow children to explore
their developing understanding of STEM ideas in fun and engaging ways would be even
more beneficial.

9.3. Educational Advantage and STEM-Related Careers

The analysis of websites provided in this paper highlighted the need for greater
representation for a broad range of students and their families. The role of multimodal
resources for inclusive STEM engagement was the focus of this study, with an aim of
children being able to see themselves represented in STEM education and related pathways
from their early years and onwards. It is also important for the families and caregivers of
young children to be aware that there are STEM careers available within their everyday
contexts that they may have not previously considered. Similarly, the findings of the current
study can provide direction to educators who may not be aware of the depth and range
of STEM careers that are potentially relevant to their students. While careers in the early
years of children are not often focused on, programs such as the Australian Government’s
Little Ripples [35] (https://www.yourcareer.gov.au/resources/little-ripples, accessed on
15 March 2023) highlight the importance of positivity and support for students developing
a sense of who they are. Similarly, the seminal concept of science capital [34] highlights the
importance of children being able to see themselves in science- and STEM-related careers,
which is related to cultural capital and gender equity in accessing STEM. Multimodality
and multimodal representations are one way for young children to be able to express their
ideas, creative inquiry, and scientific thinking [3,30,32]. Additionally, children are more
likely to aspire to a science or STEM career when they can see positive representations
in the people around them, such as in the media, popular culture, and everyday STEM
concepts they can engage with—resources which support children’s developing interests
and enable life-long belonging to STEM. Knowing the nuanced differences between careers
such as those of a botanist, a gardener, and an agriculturalist could help motivate students
and their caregivers. Hence, future research should consider the use of additional resources
that involve multimodal representations and options in light of generating children’s future
interests and careers.

While it was not an explicit part of our systematic review research question, it would
be beneficial for STEM websites for early-childhood children to refer to careers explicitly,
particularly while thinking of supporting parents’ and educators’ knowledge about the
range of “everyday” STEM careers. Typically, STEM careers are associated with higher-
education degrees [9]. However, in reality, these disciplines and skills are fundamental to
a range of everyday careers, including, but not limited to, houses and construction (e.g.,
electricians need to have a critical understanding of electricity and the nature of materials),
food and hospitality (e.g., bakers require a unique applied understanding of chemistry and
biology), or gardening or food production (e.g., gardeners need to have an understanding
of chemistry and mathematics and utilise problem-solving skills). It would be exhaustive
for any website to list these careers, but it is recommended that STEM websites work

https://www.yourcareer.gov.au/resources/little-ripples
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towards unpacking how a range of careers utilise the concepts and everyday learning
dispositions catering to young children within each discipline, but also how often they can
be integrated and build on one another.

Returning to the representations discussed earlier and given that this review only anal-
ysed 29 websites (aimed at children from birth to 8 years of age), it would be recommended
that people from careers in everyday STEM and TAFE/VET sectors be highlighted, but that
the examples of these people should be from a range of genders, cultures, socioeconomic
groups, and physical abilities. Again, representations that go beyond being “multimodal”
are critical so that young children might “see” examples of people who are like them in
their everyday lives and aspire to engage in STEM-related educational trajectories from
early childhood and onwards.
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