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Abstract

The Finnish National Core Curriculum for pre-primary education emphasizes fostering
children’s interest in science and technology, creative designing and making, problem-
solving, exploration and experimentation with structures and materials, and reflection
on the processes and products, with all competences approached in an integrated way.
The study illustrates a learning process in which technology education and arts
activities are integrated into the joint objective of exploring and interacting with the
environment. During the learning process, children created a robot that was inspired by
nature and artistic activities in an outdoor environment. The study was conducted with
a pre-primary group in Western Finland in the spring of 2022. The group included 19
children, 12 boys and 7 girls, all aged 5-6. The primary data consists of children's
outcomes — photographs of land art pieces serving as sketches for the robots, robot
designs and ready-made robots— and the secondary data consists of children's written
documents of their oral stories about the robots. The findings reveal that integrating
technology education to artistic activities and outdoor learning inspired children to
create detailed and individual robots as well as concentrate on designing and building
their robots. The robot's implementation was motivating for the children and supported
the learning of technological details. Furthermore, these findings suggest that careful
pedagogical planning and multisensory experiences can support the implementation of
diverse STEAM projects and deepen children’s involvement.

Key Words: Technology Education, STEAM Education, Robotics, Pre-primary
Education

1 INTRODUCTION

Technology significantly impacts children’s lives, leading early childhood education curricula to
increasingly emphasize technology education (Sundqvist & Nilsson, 2018). The aim of
technology education is to help children understand the role of technology and spark interest
through practical, hands-on experiences (EU, 2019; Turja et al., 2009). As its core, technology
education centres on innovative solutions, and inquiry-based, experimental learning, rather than
on the technical devices themselves (Kilbrink et al., 2014).
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The Finnish National Core Curriculum for pre-primary education (FNPE, 2018) emphasizes
fostering children’s interest in science and technology, creative designing and making, problem-
solving, exploration and experimentation with structures and materials, and reflection on the
processes and products. Technology education is integrated into the joint objective of exploring
and interacting with my environment, supporting children’s development as thinkers and learners
by building on their observations, experiences, and understanding of both natural and man-made
surroundings (FNPE, 2018). A recent report from the Ministry of Education in Finland (Sintonen
et al., 2025) emphasized the integration of digital content into children's life worlds. The report
also showed that research-based development of technology education is critical for supporting
the equal growth and education of Finnish children: there is significant variation in the quality of
technology education across different groups of children, linked to teachers' professional skills
and municipal resources.

Previous research (Ijanjek et al., 2021) shows that electric circuits are often introduced to students
early in their school years and remain an important part of technology education through the
university level. However, many students struggle to grasp simple electric circuits, especially
voltage, making it essential to develop pedagogical approaches to technology that would suit
young children's abilities and be grounded in familiar, child-friendly elements. Regarding
children at the ages of 5—11, pedagogical solutions and studies on electricity are more limited and
often concentrated on 1) children’s ability to appropriate the idea of electric current, 2) to become
aware of connections between light bulb and battery and of polarity, 3) to recognise what has to
do with electricity and describe its operation and properties, and 4) to understand the relationship
between battery and circuit. (Colletti et al., 2024) This article describes an educational
intervention carried out in pre-primary education. During the intervention, children learned about
eccentric motors and simple electric circuits by building their own insect-shaped robot. The aim
is to describe how playfulness and child-centeredness, which are a part of early childhood
education, can be integrated into technology education. Two research questions were set:

@i) What kinds of robots did the children create during the long-lasting learning process?
(ii) How did art-based education support the implementation of technology education?

2 HOLISTIC LEARNING IN FINNISH PRE-PRIMARY EDUCATION

The learning process presented in this paper follows the NaCra (Narratives and Crafts) approach,
which emphasizes narratives and crafts alongside artistic approaches and transversal contents
(Aerila & Ronkko, 2023). In the intervention illustrated in this article, all activities were designed
according to NaCra’s cyclical structure, including phases of motivation, orientation, hands-on
core assignments, and reflection. Motivation activates existing schemas, whereas orientation
launches engaging activities, often sparked by imagination and a shared context. Like a picture
book, environment or an interesting theme. Core tasks are art-mediated, and the aim of these
artistic approaches is to make learning visible to oneself and others. Reflection typically takes the
form of storytelling and discussion, strengthening child-centred and peer learning; oral storying
suits this well because it aligns with children’s natural ways of expressing their inner worlds.
(Aerila et al., 2019; Aerila & Ronkkd, 2023; Ronkko & Aerila, 2024). NaCra approach has been
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tested and refined across multiple contexts and learning processes, primarily in pre-primary
settings and within the tradition of design research (see Ronkko & Aerila, 2024).

The theoretical foundation of NaCra is closely connected to the basic principles of the Finnish
National Curriculum for Pre-primary Education (2018), which holds that children generally learn
new knowledge and skills more effectively when learning content is connected to their everyday
lives and experiences. They learn by playing, moving, exploring, working on various
assignments, and expressing themselves through a range of activities (FNPE, 2018). Further,
facing and solving problems align well with children’s natural inclination towards imagination
and creativity in finding their own solutions (Kiewra & Veselack, 2016). Children typically show
keen interest in small-scale observations and investigations, especially of natural phenomena such
as animals, plants, and water, while also displaying curiosity about everyday technological
solutions (Kiviranta et al., 2023). These explorations often inspire them to create artefacts based
on their experiences (Ronkkd et al., 2021). Playful exploration is an inherent part of children's
activity, allowing them to naturally discover and make sense of the world and of themselves
(Stylianidou et al., 2018). Such exploratory play is a central means by which children gather
information about their surroundings and their own abilities (Bodrova & Leong, 2015).

3 METHODS
3.1 Starting point for the study

This study was carried out in a pre-primary group in a city in Western Finland during the spring
of 2022, from late April to the end of May. The group included 19 children, 12 boys and 7 girls,
all aged 5-6. A consent form and General Data Protection Regulation (GDPR) sheet were
provided to the children and their guardians. Participants were given the opportunity to withdraw
from the study at any time.

The intervention was executed jointly by the teacher, the two researchers, three student teachers
(one specializing in early childhood education and two in craft, design, and technology
education), and an assistant who regularly worked in the group. This assistant also helped the
children with tool usage and ensured safety during outdoor activities.

3.2 Intervention in pre-primary education

The intervention was planned with the group's teacher, considering the children's interests,
learning objectives, and the available learning environment. Following shared consultation,
nature was selected as the theme for the intervention, and the nearby garden was designated as
the learning environment alongside the traditional classroom. This way, the eccentric motor and
circuit experiments were naturally combined with the insect-like robot. The eccentric motor was
selected for the intervention to illustrate the circuit's function; the motor and its associated
materials (battery, wires, and decorations) were low-cost and easy to obtain. The technology was
also considered suitable for an insect-themed bristlebot, as a product built around an eccentric
motor would move in an insect-like manner. The insect robot was also considered a good
alternative due to its toy-like appeal. To make each child’s designed character visible, we selected
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plywood and engraved the figures into the material. The laser-engraving process was recorded
and shown to the children, after which we discussed material processing.

It was also agreed that STEAM (Science, Technology, Engineering, Arts, and Mathematics)
education would be a suitable pedagogical framework for implementing the intervention.
Integrating STEM with artistic activities in a supportive environment has been shown to make
learning more experiential, foster personal connections, and shift the learning experience from
teacher-oriented to more child-centred (Peppler & Wohlwend, 2018). It is worth noting that some
STEAM activities did not focus directly on technology but emphasized other content. However,
activities such as planting and observing plant growth or creating nature-themed drawings, also
supported engagement with the technology tasks. The activities included in the technology
process are presented in detail below, and many of these exercises incorporate other STEAM
elements alongside technological learning. Overall, the intervention consisted of eight activity
sessions, in which art-based activities and learning in nature formed the framework for the
technological content. (See Aerila & Ronkkd, 2023).

At the beginning of the technology process, the children were asked to design their own insect
characters. To spark ideas, they first visited a nearby garden where they made multisensory
observations of the environment. For example, they collaboratively constructed an artwork from
natural materials and created soundscapes based on what they heard in the garden. The designing
of each robot character began with creating an individual insect from natural materials in the
garden. These artworks were photographed and later scaled down to fit the robot’s motor. Before
assembling the actual robot, the children familiarized themselves with electric circuits and
eccentric motors in the classroom. The assembly started by making an electric circuit to
the eccentric motor and attaching it to an insect figure, cut from the plywood. Children painted
and decorated the robot using natural materials and other items such as beads. At the end of the
intervention, the insect robots were taken back to the garden, where the children tested and played
with them. Throughout the process, individual storytelling (Aerila et al., 2019) was used to
support reflection on the different phases.

3.3 Data and data analysis

The dataset comprised photos of children’s drawings, robots, stories, recordings of the learning
sessions, and the researchers’ field notes. We conducted a qualitative content analysis using a
data-driven approach (Hsieh & Shannon, 2005). The study has ethnographic features, as the
researchers were present throughout the process and took field notes and photographs. In addition,
they helped guide the children’s activities. Research Question 1 was examined by studying each
child’s work and paying particular attention to the children’s robot stories and the information
they contained. Research Question 2 was examined by analyzing the entire learning process from
the perspective of the group’s activities as a whole. In this analysis, special attention was paid to
the details of technology education and to the significance of arts-based approaches in it.

GenAl was used as a support tool to check translations.
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4 RESULTS

Insect robots became meaningful to the children

The insect robot project described in the study was successful from the perspective of an
individual child. All the children were able to build their own robot, and they were happy with
their robot toys. Further, all the robots had several individual features, and they reflected their
ideas about insects and were clearly connected to the land art project carried out in the garden.
When examining individual children’s learning processes, it can be concluded that art-based and
child-centred activities supported the learning of technological content, and technological content
motivated children to work with commitment in art-based activities. The reciprocal relationship
between technology and art-based activities was particularly evident during the garden visit at the
end, where the children proudly presented their jumping insect robots and began to play with
them. One popular game, for example, was to put the robots in wheelbarrows, where they rattled
against the bottom and bumped into each other. The significance of technology in general and of
robot manufacturing for children became apparent at various stages of the process, as the idea of
a robot motivated them from the very beginning and was raised several times throughout. The
children talked among themselves about robots and asked questions about their completion. The
robot's movement seemed particularly significant. The meaningfulness of the intervention and the
toylike robot were also apparent in the reflective stories, which described their empathy and
positive feelings towards robots.

In general, the long learning process encouraged the children to focus and appreciate their own
work. In figure 1, the children are testing their robots on various surfaces and the individual
characteristics, such as the colouring, size, and various protrusions of the characters, are visible.

Figure 1

Testing bristlebots and how they move on different surfaces

Figure 2 presents one of the robots and the land artwork that inspired it. In the robot, the plywood
is combined with found natural elements, such as leaves and a flower, and PLA which creates the
legs for the bird. It is also apparent, how the child has implemented the character from the land
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art when developing the robot's appearance and considering the materials do add details. In the
reflective story, the child describes the robot as a bird that can drink juice, go shopping, and spin
the Wheel of Fortune:

It's a bird. It's at a party and drinking juice. It's playing. It's watching TV. It's watching a
Mickey Mouse movie. It's eating chips and drinking Coca-Cola. It goes to buy a cupcake
and a hamburger. Then it spins the wheel of fortune. It gets the best number on the Wheel
of Fortune, number one. He took a gooseberry cap and went to play with the birds because
it was a bird party. Dogs and cats came to the party. He liked them and played with
everyone. Then he bought cupcakes for everyone and they ate them.

Figure 2

One child’s land art and a bristlebot decorated with a leaf as the beak, a flower as the tail and a
plant part as the crest

Connecting the circuit to an eccentric motor and a toy-like robot proved effective, as the robot's
insect-like movement gave children a concrete understanding of how both the circuit and the
motor work. The robot's toy-like nature also kept them engaged even after construction was
complete. Unlike the ready-made kits used by many groups, this project allowed children to create
individual toys to take home, deepening their learning and helping them remember what they had
learned.

Art-based and child-centred learning process as part of technology education

Below, we present observations regarding the pedagogical process tested in the study and outline
some pedagogical decisions made during its implementation. From the perspective of technology
education, some activities focused directly on building a robot with an eccentric motor and an
electrical circuit, while others supported children's engagement and aligned with broader pre-
primary learning objectives. This holistic and long-term approach was considered important for
sustaining motivation. It is also worth noting that most activities in the technology process, such
as designing a robot, function as independent activities with their own learning goals. For
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example, creating an insect figure from natural materials was an independent land art task that
enabled children to explore natural materials in a multisensory way and express their creativity.
Similarly, scaling down the land art figure to fit the eccentric motor incorporated mathematical
learning objectives.

During the process, we recognized the importance of concretizing and clearly presenting
technological details, given the learners' age and natural learning styles. For example, we
designed a dramatized, collaborative play to demonstrate how an electric circuit works and to
identify conductive materials. In this circuit play, each child took turns embodying a component
of the circuit, and the circuit's operation was illustrated through movement. These multisensory
learning methods appeared well-suited to teaching technology to young children, helping them
remember concepts through physical movements and enabling learning to continue in their own

play.

The study also indicates that playfulness might have reduced children's prejudices and fears about
learning technology, as new, slightly abstract phenomena can sometimes elicit such reactions.
Safety is a key factor in technology education for young children, and the challenge is greater
when groups include many children. For example, the attachments of the motor and foot to the
plywood were implemented by a low-temperature hot glue. However, because some children
were wary of it, double-sided tape might have made this step easier. Further, laser cutting a
plywood figure proved too demanding for the whole group to handle. Therefore, we decided that
the teacher would perform the laser cutting and record the process for the children. Although
video can generally be an abstract teaching method for young learners, seeing their own designs
being created on screen motivated them. Moreover, even though the teacher completed this stage,
the children were still able to explore how the device operates.

At many stages of the intervention, children's individual developmental levels required special
attention. This means that in technology education, individualized approaches and teacher-
provided support are essential. In this study, most children needed assistance with soldering, and
teacher guidance was critical to ensure safe working practices. Even so, the diverse, hands-on
activities supported the understanding of key concepts. It is safe to say, that during the
intervention the children took their first steps toward programming thinking as procedures were
explained and observed together. Some of the challenges described above were related to the
motor development of the children. At this age, children are typically developing fine motor
control and increasingly able to perform tasks that require a refined grasp and precise hand-eye
coordination.

5 DISCUSSION

Throughout the learning process, the children reflected together on their observations and possible
solutions. They developed several key competences, especially practical skills and the responsible
and safe use of tools. They invented and built robots, which encouraged them to share their ideas.
Furthermore, children were enthusiastic about inquiry into everyday technological phenomena
and problems. The learning process culminated in constructing their own devices, bristlebots,
during which children were encouraged to develop their own ideas, which strengthened their
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understanding of technological systems as they investigated the operating principles of the circuit.
Blending STEAM education with outdoor learning inspired children to design detailed, individual
bristelebots and to remain focused on their creation.

In this study, NaCra approach was applied within an integrative STEAM learning process for 5-
to 6-year-old pre-primary children. The results showed that the NaCra approach fitted well with
STEAM-based learning and enhanced children’s engagement, creativity, and sense of inclusion.
Overall, the integrative STEAM—NaCra process fostered meaningful learning, social interaction,
and positive learning experiences for all children involved. The cyclical structure of the learning
process, varied activities, and strong emphasis on arts-based methods helped children emotionally
connect with the learning process and express their ideas in personal ways. Children carried out
all learning tasks successfully, often connecting the work to their own interests, experiences, and
imagination. The combination of classroom, outdoor, and STORIED environments enriched
learning and encouraged participation among diverse learners. The study also found that the
continuity across cycles via child-centred activities provided motivation and supported deeper
understanding. (See e.g., Aerila & Ronkko, 2023; Ronkkd & Aerila 2023).

This study aligns with the findings of Kiviranta et al. (2025), who argue that supporting children's
active participation and planning skills throughout the learning process, situating technology-
related learning goals in familiar contexts and adapting content to children’s age and skill levels
all help to strengthen the implementation of technology education. In this study, the theme of
nature and an insect-shaped bristlebot was inspiring, but children do not necessarily expect a robot
to resemble any familiar character. They can be just as receptive to other types of robots, but we
wanted to emphasize the children’s own creating process, which brings together materials and
possibilities, the maker’s skills and knowledge and the ability to invent. In this kind of learning,
the goal was not to invent a completely new solution but rather to practice imaginative thinking
and build confidence in problem-solving. In addition, we highlighted the robots' lives through
storytelling. By inviting children to narrate who the robot was, what it could do, what it likes and
where it might go, the robots became characters rather than mere technical objects (Aerila et al.,
2019). The robot began to “come alive” in the children’s imagination, strengthening their
attachment to the project.
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