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Abstract

STEAM education has emerged internationally as a key interdisciplinary approach
aimed at integrating disciplinary knowledge into meaningful and creative learning.
This paper reports on the development of STEAM-oriented courses for lower
secondary technology education and examines within-subject integration
opportunities.

The study focuses on two Grade 7 technology courses (Automata and LED Lamp)
designed as design-based, hands-on learning processes. Teacher input was gathered
through collaborative idea generation and semi-structured interviews. Analysis
addressed how teachers perceived STEAM-related integration and how such
perceptions supported feasible integration within the disciplinary logic of technology
education.

Findings suggest that technology education offers a natural platform for STEAM
integration without mandatory cross-curricular collaboration. Integration manifested
mainly through design processes, artefact construction, and reflective activities. The
work also underscored the need to systematise teachers’ ideas to distinguish viable
integrations from less feasible proposals. The paper positions technology education as
a potential core carrier of STEAM and outlines next steps for piloting and broader
implementation.

Key Words: STEAM education, Technology education, Subject-based integration,
Interdisciplinary curriculum, Student-centered learning.

1 INTRODUCTION

STEAM education (science, technology, engineering, arts and mathematics) has become a central
concept in recent international discussions on educational innovation. Originating from STEM,
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the STEAM framework is widely associated with science and engineering education (Hacker,
2024). Its core premise lies in integrating disciplinary knowledge into meaningful, creative, and
often practice-oriented learning activities, where concepts are applied in real-life contexts (Lee,
2024). Within this paradigm, learners are expected to understand the societal and environmental
implications of technology and to develop capabilities to use and design technological products,
systems, and processes for human purposes (Jones & Roberts, 2024).

Globally, both developed and developing countries consider STEAM education a foundation for
industrial and economic competitiveness (OECD, 2023). Growing capacity in STEAM has
become a key arena of education policy, attracting substantial governmental investment (Banks
& Barlex, 2021). The increasing demand for science, technology, engineering and mathematics
specialists is evident also in Estonia (Pdrna, 2025) and constitutes a major rationale for
strengthening STEAM-related teaching (Hacker, 2024). Central to these efforts is disciplinary
integration, pursued through diverse pedagogical approaches (Lee, 2024).

This paper examines subject-based STEAM integration in lower secondary technology education.
As a practical, design-oriented subject, technology education inherently connects to science,
mathematics, computing, and the arts. Yet such connections often remain implicit and are seldom
made explicit or intentional in classroom practice (Lee, 2024). This raises a pedagogical question:
how can technology teachers design instruction that fosters meaningful and purposeful links to
other STEAM domains within a single subject?

The authors are involved in a national development initiative launched by the Estonian Ministry
of Education and Research to create STEAM courses for Grade 7 in technology education. The
project Smart Learning Materials for Experimentation and Exploration in Science, Creativity,
and Innovation includes courses covering different stages of the product development cycle. This
paper focuses on two such courses — Automata and LED Lamp — and examines teachers’
contributions to the development of course plans, analysing how these inputs broaden within-
subject STEAM integration from the perspective of classroom practitioners.

The study addresses two research questions:

>i) What STEAM-related integration opportunities do teachers propose for “Automata”
and “LED Lamp” courses?

(ii) How do these teacher-suggested opportunities support intentional integration between
technology education and other STEAM domains?

The broader project aim is to increase lower secondary students’ interest in engineering and
technology and to encourage more learners to consider continuing in these fields at upper-
secondary or tertiary level.
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2 THEORETICAL BACKGROUND ON STEAM

The growing relevance of STEAM education in the 21st century is linked to its contribution to
digital literacy, design thinking, and creativity (Lee, 2024). Research suggests that STEAM
fosters meaningful connections between hands-on activity and theoretical knowledge, enhancing
conceptual understanding and problem-solving skills (de Vries, 2024).

Motivation and engagement are also central concerns in STEAM education. Studies indicate that
integrated, project-based, and creativity-enabling approaches can increase students’ interest in
science and technology, including among learners who do not usually identify with these subjects
(de Vries, 2024; Thibaut et al., 2018). The inclusion of the arts is considered significant: compared
to the more utilitarian STEM framing, STEAM is associated with more empathetic, aesthetic, and
inclusive learning, which is particularly relevant in earlier school years where creative expression
and sensory experience play a key role (Korkeaniemi et al., 2025).

Multiple approaches to implementing STEM/STEAM have been identified in the international
literature. Honey, Pearson and Schweingruber (2014) describe a continuum ranging from
discipline-specific instruction to deeply integrated models in which knowledge and practices are
closely connected. Integration is neither uniform nor linear, but contingent on school context,
teacher competence, and learning objectives. Similar variability is noted by Stohlmann, Moore
and Roehrig (2012), who emphasise that STEM integration can take diverse forms and degrees.
In contrast, Kubat and Guray (2018) advocate a more normative view, arguing that STEM should
be treated as a holistic and inseparable domain rather than taught as discrete subjects.

Although most national curricula structure science, technology, engineering and mathematics as
separate subjects, they nonetheless acknowledge cross-disciplinary connections and their
relevance to real-world contexts (Banks & Barlex, 2021). Real-world problems rarely align with
a single discipline; instead, they require interdisciplinary collaboration and knowledge integration
(Lee, 2024). Integrated approaches can introduce authentic problem-solving practices into school
learning, adding relevance and potentially supporting boundary crossing, though their
effectiveness depends strongly on implementation and teacher collaboration (Roehrig et al.,
2012).

STEM education entered the Estonian context more broadly in the early 2000s with the translation
of Standards for Technological Literacy: Content for the Study of Technology (ITEA, 2007). This
introduced a novel approach that connected multiple subject domains and provided teachers with
inspirational material supporting the adoption of new teaching methods (Soobik, 2023).

In contemporary Estonian schools, STEM subjects are still taught largely as separate disciplines
in accordance with the national curriculum (HTM, 2023), although integrated practices — such as
combining science with robotics — are becoming more common. Recent syntheses emphasise that
contemporary STEM education is increasingly defined by the integration of technological and
engineering knowledge with authentic, problem-based contexts (Deehan et al., 2025). Within this
perspective, the role of technology education in supporting subject-based STEAM integration
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becomes increasingly salient, as the combination of design and making can serve as a powerful
strategy for learning science, technology, engineering and mathematics concepts (de Vries, 2024).

Technology education occupies a unique position in the Estonian curriculum: it combines
practical activity, design thinking, engineering knowledge and creativity, enabling multiple levels
of connection with other subjects. Its core involves problem-solving, material work, prototyping,
and the use of digital technologies (Autio et al., 2017). This multilayered structure provides
favourable conditions for STEAM integration — often without explicit planning — given the
inherently boundary-crossing nature of the subject (Lee, 2024). Pedagogically, technology
education draws on a distinctive epistemology grounded in design processes, artefact creation and
iterative problem solving, where knowledge is produced through making rather than solely
through symbolic representation.

At the same time, many technology education courses emphasize hands-on activity and technical
skills, while systematic integration with other subjects remains largely intuitive or implicit.
Teachers often lack a clear overview of how course themes connect to physics, mathematics, art,
or computing, and have limited methodological tools or support to make such connections explicit
and purposeful in classroom practice (Ankiewicz, 2024; Giffney & Lane, 2025).

3 METHODOLOGY

In 2024, the Estonian Ministry of Education and Research launched a competitive development
initiative aimed at strengthening technology and engineering education in general schooling and
supporting the design and piloting of STEAM learning modules for Grades 7—12. The initiative
emphasises teacher professional development and the creation of subject-specific modules
aligned with contemporary learning approaches, practical activity, problem-based learning, and
integrated teaching across science, mathematics, technology and the arts (HTM, 2024).

The development of the LED Lamp and Automata courses examined in this paper forms part of
this initiative and draws on the authors’ involvement in designing and developing these courses.
Within the project framework, each course constitutes a separate STEAM learning module.

Both courses integrate several core STEAM domains: electronics (science), soldering and
circuitry (engineering), CAD/CAM and laser cutting (technology), G-code and programming
(mathematics/informatics), and aesthetic design (arts).

Based on prior experience, technology education teachers involved in the research developed
initial course plans. These were then shared with colleagues from different subject areas to
identify opportunities for interdisciplinary integration. The plans will be refined based on
teachers’ input, followed by pilot implementation in schools and the public release of the finalised
plans and learning materials for nationwide use.
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Artificial Intelligence (AI) technologies were used solely to enhance the clarity and structure of
the written text. All scholarly contributions, theoretical perspectives, and analyses were produced
by the authors

3.1 LED Lamp Course

The LED Lamp course centres on designing and producing a functional and aesthetic lighting
object (Figure 1). It follows a product-development and design-based approach in which students
progress from ideation to prototyping and refinement. Initial activities focus on basic electronics,
circuitry and safety, linking technical skills with design thinking and analysis of existing lighting
solutions. The middle phase employs digital fabrication tools (CAD/CAM, 3D modelling and
printing), connecting technological practices with mathematical and informatics concepts,
including the interpretation of G-code. As the course advances, students gain autonomy in
selecting structural solutions, materials and finishing. Overall, the course provides a subject-based
framework for piloting feasible STEAM integration within technology education.

Figure 1

LED lamps designed by students

3.2 Automata Course
The Automata course focuses on designing and constructing mechanical moving objects (Figure

2). It introduces automata through mechanical transmissions, linking the understanding of
physical phenomena with structural design and the creation of aesthetic or narrative motion.
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Figure 2

Automata mechanisms

The course emphasises the analysis and application of mechanical systems. Students design
motion transmissions and cyclical movements, assess the suitability of mechanisms, and apply
measurements and geometric relations. STEAM integration manifests across physics (motion,
forces), engineering (mechanisms), technology (materials and tools), mathematics
(measurement), and the arts (design and narrative).

3.3 Teacher Input Collection

The first phase of data collection consisted of a Delphi-inspired structured idea-generation
workshop (Hsu & Sandford, 2007) with teachers from technology-related subjects. Eighteen
teachers recruited through the Estonian Technology Education Association participated in the
session. Most participants were technology education teachers, while others represented closely
related subjects such as craft and home economics and art.

During the workshop, participants were first introduced to the preliminary course plan of the
Automata module, supported by a short oral explanation and examples of student artefacts.
Teachers individually reviewed the course plan and wrote down possible interdisciplinary
connections and integration opportunities directly on printed drafts of the course outline.
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After the individual reflection phase, teachers formed small groups of three or four participants.
In these groups they discussed their ideas and summarised key integration possibilities as
keywords or short notes on large posters (Al format). The same procedure was subsequently
repeated for the LED Lamp course plan. At the end of the session, we collected the annotated
course plans and the group posters as the primary data from the workshop.

Because most workshop participants represented closely related subject areas, we conducted a
second data collection phase to obtain perspectives from other STEAM disciplines. Using
convenience sampling, we invited teachers from mathematics, physics, chemistry, computing and
art to participate in interviews.

Before the interviews, participants received a short description of the Automata and LED Lamp
courses together with illustrative images. During the interviews, teachers were introduced to the
course ideas and asked to suggest possible subject-specific integration opportunities. The
discussions were informal and exploratory in nature and focused on identifying potential links
between the course activities and the teachers’ subject domains.

The final data consisted of written notes on the course plan drafts, keywords recorded on the
group posters during the workshop, and audio-recorded interviews that were later reviewed and
summarised for analysis (Table 1). The collected materials were analysed using a qualitative
thematic approach (Braun & Clarke, 2006).

Table 1

Overview of data collection phases, participants and produced data

Data collection phase  Participants Subject areas Data produced
Workshop 18 teachers Technology education, Annotated course plans,
craft & home group posters

economics, art

Interviews 8 teachers Mathematics, physics, Audio-recorded
chemistry, computing, interviews and notes
art

Because many ideas emerged as keywords during group discussions rather than as complete
verbal statements, the analysis focused on thematic interpretation of the collected ideas rather
than detailed quotation analysis. In contrast, the interview recordings provided more articulated
explanations, enabling the identification of more complete statements from the interview
transcripts.

During the analysis, teachers’ suggestions were grouped into five integration categories aligned
with the STEAM domains and complemented by non-STEAM methodological and reflective
proposals (Table 1). For instance, a teacher’s remark such as “The history of the bicycle could
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also be discussed here” was interpreted as a contextual teaching suggestion rather than a STEAM
integration proposal.

4 RESULTS
4.1 STEAM Integration Based on Teacher Input

The findings indicate that teacher input extended beyond naming isolated disciplinary links and
instead enabled STEAM integration to be understood as a multilayered process involving
conceptual, technological, methodological and reflective dimensions.

Scientific integration (Science) involved linking scientific concepts and phenomena — such as
light, electricity and motion — to concrete technological solutions. Engineering and technological
integration (Engineering and Technology) focused on the design of mechanisms, circuits and
production processes, the use of digital fabrication, and prototyping as a central learning activity.
Mathematical and informatics integration (Mathematics) emerged through measurement,
geometric relations and calculations. Artistic and design integration (Arts) highlighted the
aesthetic, narrative and communicative dimensions of the technological artefact, where form,
light, motion or character acquired meaning-making roles. Beyond the STEAM domains, teachers
emphasised methodological and reflective components — such as documentation, presentation,
self-assessment and peer feedback — that could help make integration visible to learners.

While the table (Table 2) presents summarised keywords, teachers’ proposals were often detailed
and multilayered in terms of how integration with STEAM and other domains could be made
explicit. Some suggestions were interesting and well-developed but extended beyond the intended
scope of the course. For example, teachers proposed adding an additional function to the LED
lamp (e.g., a book holder) or programming the LEDs to blink using Arduino. Although these ideas
were conceptually rich and detailed, they extended beyond the intended scope of the course and
were therefore not adopted in the further development of the course plans.
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Table 2

Examples of teacher-identified integrations across STEAM domains

Integration Category Examples in Automata Examples in LED Lamp
Course Course

Science Motion and forces through Nature and propagation of
mechanical transmissions; light; LED functioning;
effects of friction and speed relating luminous output to
on performance use context

Technology Construction of mechanisms;  Use of CAD/CAM; CNC
material suitability; selection  and laser cutting; reparation
of tools and fabrication of production files
techniques

Engineering Design and assembly of Circuit design; power supply
transmission mechanisms; selection; interaction
testing and refinement of between construction and
constructions electronics

Mathematics Calculating gear ratios and Measurement and scale;
dimensions; applying geometric aspects of lamp
geometric relations in design  construction; sequencing and

workflow planning

Arts Creating character and Use of light as a visual
narrative through motion; medium; interplay of form,
aesthetic qualities of form material and illumination
and movement

Non-STEAM Storytelling and Presentation of final

(methodological/reflective)

presentation; documentation
and reflection; historical
contextualisation of
mechanisms

artefacts; writing
user/maintenance
instructions; self- and peer
assessment; historical
contextualisation of lighting

4.2 STEAM Emphases in the LED Lamp Course

Analysis of the LED Lamp course plan revealed strong scientific (science) and engineering
emphases, particularly in relation to physics and electrical engineering. Central topics included
the nature and measurement of light, LED functioning, circuit operation and electrical safety.
Teachers noted that the lamp as a technological artefact enables abstract physical concepts to be
linked to practical and comprehensible student activities.
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One teacher group highlighted the potential to connect lamp design with real lighting standards
and usage contexts — for example, discussing the luminous flux required in workspaces or homes
and how this affects construction decisions and LED selection. Such an approach was seen to
position physics and technology not as separate topics but as a functional whole.

From a technological and mathematical perspective, teachers emphasised the role of digital
fabrication, including CAD/CAM software and CNC/laser tools. Through these activities,
measurement, geometry and workflow planning became natural components of the learning
process. The artistic and communicative dimension was reflected in the use of light as a visual
medium and in the final documentation and presentation activities.

4.3 STEAM Emphases in the Automata Course

Analysis of the Automata course revealed a multilayered integration profile centred on scientific
(science) and engineering emphases related to mechanics and motion physics. Teachers
highlighted force transmission, rotary and reciprocating motion, and friction as natural entry
points for connecting technological design with physical principles.

For example, teachers suggested framing automata design as a movement game or theatrical
scenario in which students must create a desired motion character (e.g., slow, rhythmic or erratic)
through mechanical solutions. Such task formulations were seen to connect mechanical
transmissions with mathematical calculations and measurements, while simultancously
supporting creative thinking and narrative design.

Mathematical integration emerged mainly through calculating diameters, distances and gear
ratios, while technological competence was reflected in material selection and the precise
assembly of mechanisms. A distinctive feature of the Automata course was its strong artistic
dimension: mechanical motion served not as an end in itself but as a means for expressing
character or visual ideas. According to teachers, this approach enables the combination of
technical precision with imagination and aesthetic articulation.

5 DISCUSSION

The findings indicate that teacher input did not merely identify isolated disciplinary links but
enabled STEAM integration to be conceptualised as a multilayered process involving conceptual,
technological, methodological and reflective dimensions. This aligns with the issue that STEAM
implementation in schools often remains fragmented and dependent on individual teacher
initiative. The present development study suggests that structured and purposive teacher input can
help mitigate such fragmentation.

The results support the view that technology education can serve as a central integrating discipline

within STEAM, where scientific, engineering, mathematical and artistic aspects converge around

design processes and artefact creation (de Vries, 2024). In this study, integration surfaced not

primarily through naming subject areas but through learning activities, workflow and reflection.
1083



An important conclusion regarding within-subject integration is that STEAM does not imply the
dissolution of disciplinary boundaries or the transformation of technology education into a catch-
all subject. Rather, a clear disciplinary focus — electronics and light in the LED Lamp course, and
mechanics and motion in Aufomata — provided a framework in which other disciplinary
perspectives could emerge in functional and justified ways. This supports the view that the “T”
in STEAM denotes design-based thinking, problem solving and intentional engagement with the
material world.

Although the LED Lamp and Automata courses were not designed as comparative research
objects, the development process revealed that different technological starting points generate
distinct STEAM integration profiles. This suggests that STEAM integration emerges from the
internal logic of the technological theme and artefact.

The analysis also highlighted the central role of methodological and reflective elements.
Documentation, presentation, self-assessment and peer feedback emerged as key sites where
integration could become visible and explicit to learners. At the same time, the study pointed to
a practical challenge: teachers’ proposals required systematisation and didactic filtering to
distinguish subject-justified and feasible suggestions from ideas that extended beyond the
intended scope of the course. This underscores the developer’s role as a conscious pedagogical
decision-maker.

The study is limited by its small and convenience-based sample of teachers and by the absence of
classroom piloting at this stage of development. The findings therefore reflect early expert insight
rather than implementation outcomes and should be interpreted as indicative rather than
conclusive.

In the next phase of development, teaching and learning materials will be created for both modules
and piloted in two comprehensive schools during the 2026/27 school year. The pilot results will
inform revisions to the course plans and materials, which will subsequently be made publicly
accessible. This iterative development—pilot-revision cycle will enable assessment of how within-
subject STEAM integration functions in real classroom settings and how it may be scaled more
broadly.
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