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ABSTRACT

1

Digital fabrication, making and entrepreneurship education all have
potential to empower children and increase their abilities to participate and shape the society and digitalization within, and act
as active “protagonists” instead of passive consumers. While the
potential of these educational trends has been acknowledged, they
have mostly been studied separately and without specific focus
on challenges involved. We have conducted a business innovation
project with teenagers at school, combining elements of digital
fabrication, making and entrepreneurship education. Our qualitative, data-driven analysis focused on the process and the challenges
involved in the endeavor. As a result, we generate a list of lessons
learned associated with teenagers adopting the role of a protagonist, driving business innovation. Our main findings relate to the
lessons learned on the importance of balancing the making activities with the entrepreneurial aspects and negotiating the roles and
responsibilities between the adult participants.

In this paper, we scrutinize a project that combined entrepreneurship education with digital fabrication and making activities as a
part of children’s schoolwork. In the project, teenagers worked
in groups towards coming up with a business idea and a business
plan. In addition, they engaged in digital fabrication for example
through designing a logo for their business and prototyping products. European Commission’s European Reference Framework on
Key Competencies for Lifelong Learning states that one of the
key skills, the “sense of initiative and entrepreneurship”, should
be acquired through education [7]. Entrepreneurship education
highlights trying, learning by doing, teamwork, and project work.
It develops individual competencies, but also trains young people to
contribute towards economic development and sustainable future
communities. Overall, entrepreneurship education teaches skills
and the attitude towards success in studies, future work and life in
general. (see [19, 37]). It is no wonder entrepreneurship education
is already one of the mainstream parts of contemporary school
curricula.
Engaging children in digital fabrication, design and making has
also been acknowledged to facilitate children’s learning in multiple
ways and to have the potential to teach children a number of 21st
century skills [2, 9, 13, 29, 38], i.e. skills that are needed for growth,
employment and participation in today’s society [5, 33]. Thus, combining digital fabrication and making with the education of children
is a contemporary trend, and it has aroused interest among practitioners at schools as well as researchers within disciplines such
as educational sciences, Human-Computer Interaction (HCI) and
Child-Computer Interaction (CCI). According to the maker movement and maker mindset, anyone can make almost anything. While
democratizing innovation is the traditional focus of maker movement, there is also an entrepreneurial vision that positions making
as an enabler of business innovation and a key to entrepreneurship
[22, 38]. However, studies that combine entrepreneurship education with digital fabrication and making are scarce [35, 36], even if
both entrepreneurship education and digital fabrication and making
have been widely studied separately. Studies on digital fabrication
and making tend also to focus on success stories rather than on
scrutinizing the challenges involved [25]. We aim to fill these gaps,
asking as our research question, What are the challenges involved
in combining digital fabrication with entrepreneurship education in
the school context? We claim that combining digital fabrication
and making with entrepreneurship education enables bringing in
new, valuable aspects for the role of ‘the Design Protagonist’ for
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INTRODUCTION

children [18]: this role positions children as drivers of digital technology development and emphasizes their critical reflection on
digital technologies in their everyday lives and in the society. We
argue understanding about business and innovation aspects is a
valuable element to be included in the Protagonist role. Contribution of this paper is a detailed description of the process and
an in-depth analysis of experiences gained, outlining a number of
challenges encountered and associated lessons learned. We believe
they will be of use to the diverse group of researchers and practitioners coming together in Fab Labs and makerspaces, in and out
of school environment, to work with children with an interest to
encourage children to adopt the Protagonist role. Prior literature
has shown the practitioners form a very diverse group concerning
their experience and expertise, some lacking experience in pedagogy, others having very limited background in technology and
making [23–25, 28]. Hence, we expect discussion about potential
challenges and associated lessons learned to be valuable.
This paper is structured as follows. Next, we discuss related
research on digital fabrication, making and entrepreneurship education with children. This is followed by a description of methods
and materials in this study. Then, we present findings related to
integrating digital fabrication, making and entrepreneurship education with children in the context of school. Finally, we discuss
the findings and conclude our work.

2

RELATED RESEARCH

There is extensive discussion on the benefits of maker movement for
the education of children: making in education, making-based education, and integration of digital fabrication and making activities
into education have raised researchers’ interest in a number of disciplines, most notably within educational sciences, HCI and CCI. Making in education is seen to advocate and implement practice-based
learning, constructionist learning, experimental learning, participatory learning, self-driven learning, learning by doing, project-based
learning, problem-based learning – all seen as valuable for young
learners (see [17]). While many studies consider the value of digital
fabrication and making in terms of scaffolding learning in general,
some focus more specifically on their role in children’s technology
comprehension and education: such education should equip children with skills and competences for the meaningful use of digital
technology but also with skills for making and shaping digital technology as well as for critically reflecting on it and its trajectories
in our everyday life and in the society (see [6, 16, 18, 31]) Digital
fabrication and making are seen as offering great potential in this
respect, enabling children to adopt the role of the Protagonist [18].
There are several CCI/FabLearn studies addressing digital fabrication and making in the context of non-formal education of
children, such as in different computing, programming, robotics,
digital fabrication or making clubs or events, taking place in a variety of spaces outside of school such as in libraries, museums or
FabLabs (e.g [10, 27, 34]). CCI research has also identified ways by
which digital fabrication and making can be integrated with schoolwork or curriculum (e.g. [1, 6, 16, 18, 31]). The studies combine
digital fabrication and making with different subjects: math, social
studies, science, and/or arts or crafts. However, they seldom address
entrepreneurship, which is surprising as there is a lot of potential

in the combination of business innovation and entrepreneurship
with digital fabrication and making [12].
In a sense, one could say digital fabrication and making are far
apart from business and entrepreneurship. Maker movement can be
argued to emphasize democratizing innovation: it is about putting
digital fabrication means and tools to the hands of ordinary people,
who are empowered with them to create personally meaningful
objects and tools for solving of personally relevant problems. Maker
movement has also early on prioritized collaboration and communal
aspects: sharing, giving and participation [14]. Then again, this view
represents a hobbyist vision of making that can be contrasted with
an entrepreneurial one [22, 38], which reveals clear connections
between making and entrepreneurship. Within the entrepreneurial
vision, making is seen to offer a hotbed for innovation [8, 11, 32],
even as a key to entrepreneurship [3, 4, 22, 30] and the maker
community having potential to produce new talent for business
[8].
Entrepreneurship education has been widely studied in the university context but less often with children [26]. Even though it
is argued that the skills and mindset should be taught to young
children already [20, 21, 26] and that entrepreneurship education
should be a part of lifelong learning and also integrated into the
curricula [39]. With children, the focus of entrepreneurship education should, on the one hand, be on the development of skills
that are useful for entrepreneurs, such as creativity, the spirit of
enterprise, and independence, which can also be carried on to the
next levels of education, and on the other hand, on introducing
entrepreneurship as a potential future career [12, 26]. The combination of digital fabrication and making with entrepreneurship
education has been acknowledged as having potential to produce
the ‘digital innovators of future’ [16] and found to increase university students’ entrepreneurial self-efficacy and entrepreneurial
intentions [24]. Attempts to try the combination out in education
have still been rarely reported [12, 15, 35, 36, 38] and very little is
known on how to do it in practice. Hollauf et al. [15] propose it is
important to motivate children (allow mistakes, solving problems
that are easily relatable, start with easy tasks), have an open process (asking open design questions, scaffolding children’s work but
encouraging them to do as much as possible themselves, making
technology exploration as easy as possible), and open outcomes
(iterative process, focus on learning from the process itself, aiming
for positive outcomes). However, the existing studies do not touch
much the nuances of the process yet, which we aim to do with this
study.

3 METHODS
3.1 Study Set Up
The work reported in this paper was a part of a larger research
project, implemented in collaboration with three local schools, children with different ages, and volunteering teachers. The general
project aim was to develop frameworks for teaching digital fabrication and making for children and incorporating that into the school
curricula. The researchers planned and designed the structure and
content for each session and delivered materials for the teachers
beforehand to look through and comment. Work with the children
included design and making activities, with a different emphasis

Table 1: Session lengths and topics
Session

Min

Topic

Location

1
2
3
4
5
6
7
8
9
10

75
75
75
75
75
75
75
185
160
160

Ideation: brainstorming business ideas
Introduction to digital fabrication: general knowledge
Introduction to digital fabrication: getting to know FabLab
Background research: Identifying customers and competitors
Acquiring basic skills in 2D and 3D design and making
Acquiring basic skills in 2D and 3D design and making
Designing and making something related to the business idea
Designing and making something related to the business idea
Designing and making something related to the business idea, preparing for pitching
Pitching business ideas to investors

School
School
FabLab
University
School
FabLab
FabLab
FabLab
FabLab
University

with different aged children. Researchers planning the process and
designing the learning material included experts in digital fabrication, design and making with children, pedagogy, and innovation
education and entrepreneurship.
In this paper, we report our work with 14-15-year-olds: a multidisciplinary learning module that centered around entrepreneurship
education, conducted in collaboration with an English teacher and
a social science teacher. The main goal for the students was to come
up with a business idea and make a business plan in groups and
pitch their ideas in a final seminar. In addition, a goal was for them
to learn some basics of digital fabrication during this process. They
learned the basics of Inkscape and Tinkercad in a structured manner with an instructor, and then designed and fabricated their own
designs for stickers, keychains, and small 3D objects independently,
facilitated by FabLab instructors. In addition, the students ideated,
designed, and fabricated something as a part of their group work, to
support their business idea. The children ideated what this ‘something’ could be, and researchers and instructors only facilitated the
design and fabrication process.
The 10 sessions comprised approximately 17 hours in total, divided between 8 days, with the following high-level topics: 1)
Ideation, 2) Background research, 3) 2D and 3D design and making,
4) Pitching the idea. Learning outcomes of the project were not
graded. A typical session included a recap of the project purpose
and what had been previously done, the goal of the daily session,
and division of tasks to groups, presented using slides. Students
were free to carry out the tasks as they saw to fit, with teachers
and researchers trying to keep the students’ focus on the task and
helping them when needed. At the end of each session, there was a
recap.
Two teachers participated in the research with 27 students, divided into groups by the teachers. The division was done to avoid
all-girl and all-boy groups, and friends working together. In addition, teachers tried to ensure all groups had motivated conscientious
students and avoided putting teens that do not get along together.
They had also considered learning difficulties and mixed together
teens with different preferred ways of learning. A goal for teachers
in addition to learning about entrepreneurship was enhanced group
working skills: learning to work with everyone, and to support each
other’s ideas.

3.2

Research Data and Analysis

The data used in this study includes field notes and observations
from five researchers involved in the project, as well as semistructured ending interviews with two teachers, and 14 teens, who
had parental consent and wanted to participate in the interview.
Student interviews included questions related to their background
(technology usage, digital fabrication, group work experiences,
learning habits), creation of the business idea, group work during the project, perceived learning, and additional feedback on the
project. Teacher interviews included questions related to expectations of the project, roles and responsibilities of different actors and
the interaction between them, their views concerning integrating
making activities in school and overall project feedback. Both the
teacher and the student interviews were carried out at school during normal school hours. They were recorded and transcribed to
allow for qualitative content analysis.
The data analysis was inductive, data-driven and proceeded the
following way. The first author organized and went through the
researcher field notes and observations from each session, wrote
down how they unfolded, and what challenges the researchers
had identified. Next, the first author went through the notes and
transcripts from ending interviews of teachers and students and
identified the challenges and key takeaways from each session. The
findings were illustrated with the help of quotes from the teachers
and four students. After the data analysis, we decided to use quotes
from teens who belonged to the same group: their interviews offered
unique insights into how different teens observe different situations
as well as their group dynamics. Once the first draft of findings
was formulated, it was shared with the rest of the research team
who discussed and refined the presentation and collaborated in
identifying lessons learned and formulating discussion.

4

FINDINGS

Next, we present our results in a chronological order as they unfolded in our project, illustrating them with the help of researcher
field notes and observations, combined with the insights from the
interviews. In addition, we summarize the lessons learned related
to each process phase.

4.1

• Provide written instructions to accompany verbal ones to
accommodate preferred ways of learning.

Ideation: Brainstorming Business Ideas

We met at the school where the teacher opened Session 1 and introduced the project. Then, researchers introduced the project goals
and schedule in detail. The students were given a notebook and a
pen, a laser cut keychain with the research project logo, the project
timetable and a business plan template. The keychain sparked interest, and many kept playing with it. We oriented students into
entrepreneurship by inviting them to think ‘How to make the world
a better place with business’. We discussed how companies make
profit selling services or products, and how they make sure they
respond to customer needs - thus making the world a better place.
We gave examples such as Netflix and Spotify that let users enjoy
content anywhere, mobile phones that make it easier to connect
with others, and renewable energy that makes the world cleaner.
We did not talk about making culture or products that can be made
in a FabLab as we thought it might have guided their thinking. We
gave students a task to come up with one business idea individually, to discuss these ideas in groups, and to select one to work
with. Groups were instructed to include in their business plan the
problem or need they want to solve, the solution they offer, and
customer segments.
While groups were engaged, ideation still proved challenging.
Some were not happy with the group division and turned to friends
instead. Some worked alone without much contact with their group.
Some did not grasp what they were supposed to do. One student
explained she had difficulties as she did not fully grasp what the
goal was: I didn’t understand what we were supposed to do so I didn’t
do anything. [..] The start of the project was unclear (Girl 1). One
student later suggested instruction in writing would be a good
idea, to overcome the confusion that rises in groups concerning
tasks: One person misses one thing, the other misses something else.
If instructions are only given verbally, you have to go through it over
and over again. If they are in writing, you can always check what
you need to do. (Boy 1) Researchers and teachers circled the groups
to get them focused and working together. We tried to explain that
there are no bad ideas, and what the students come up with does not
need to be fancy. At the end, most of the groups had a rough idea
of what they wanted to do, and they shared it with the class. The
atmosphere was positive, and the students joked around, perhaps
noticing that others did not produce perfect ideas either and that it
was fine.
After the session, we got feedback that groups would have liked
more time to work on ideating – working in assigned groups was
not as easy as working with friends, in addition some felt they had
to pick “the least bad” because of time constraints: It was difficult
because we didn’t have that much time to figure our idea. [. . .] the
start was too fast. (Boy 2) It was hard to create an idea because most
of the ideas we first came up with were either illegal or too hard. [. . .]
We had to compromise and pick an idea that was worse. (Boy 1)
Lessons learned:
• Be concrete with the students about project goals to avoid
confusion.
• Use structured ideation methods and reserve ample time:
Open ended tasks are challenging especially when working
with assigned groups.

4.2

Introduction to Digital Fabrication

We wanted the students to have some practical understanding of
what can be done with digital fabrication before they continue
their business planning, as we know from previous research that
otherwise the expectations can be unrealistic [16]. Because of this,
in session 2 arranged at school premises, researchers explained to
students that while digital fabrication is not the focus of the project,
they will be using FabLab to design and make something related to
their business idea later. We introduced the processes of 2D design
and cutting, and 3D design and printing, and offered small examples
of possible projects they could do such as designing a logo for the
business and printing it on T-shirts, or if they have a product, a
quick prototype.
In Session 3, we met at the FabLab, introduced the space and
instructors, and did small projects with laser cutter and 3D printer
to show them in action. Some students lingered back, seemingly
bored and not paying attention. Most huddled closer, but it is likely
those standing in the back could not hear clearly as the space is
noisy due to machines humming. Because of the size of the group,
not all got a good look at the process. In the FabLab computer space,
we tasked all groups to browse Thingiverse and pick a small 3D item
to print out. We did not interfere unless groups asked questions, as
we wanted them to have a relaxed start to working in the FabLab.
Groups were chatty and upbeat, and all found something to print. A
student explained they found the space interesting: Working at the
university was nice, the researchers were a lot nicer than our teachers.
The environment there was modern and nice and using these new
machines was interesting. (Boy 1). A teacher echoed this and noted
that visiting FabLab was a welcomed change to a normal school
day: Kids are just happy when they “don’t have school” but they
are doing something different. (Teacher 1) Students were excited to
see 3D objects printed, some played with them or kept them in
their hands. Some were however disappointed they did not turn
out as envisioned based on what they saw in Thingiverse (i.e. they
were smaller than they thought, or a colorful model was plain
when printed). We used this opportunity to explain to students the
constraints of technology and that it’s a process of trial and error,
learning by doing.
Lessons learned
1. Introduce students to FabLab in small groups to make sure
everyone sees and hears what is happening.
2. Introduce constraints of the technology and provide objects
that can be touched to avoid disappointment.

4.3

Background Research: Identifying
Customers and Competitors

In Session 4, we met at the university where researchers led students
into thinking about why companies do background research. We
tasked them to carry out 1) an online search of competitors, 2)
observations of potential customers and 3) interviews of potential
customers, in order to make sure there is a need for their business.
Groups were to update their business plan based on the results.
Students were restless despite teacher efforts to keep them in check.

A teacher noted the change of scenery and instruction style might
have this effect: In school they get stuff done, they’re used to it. In
a different environment, it is different. [. . .] It is a free environment,
it affects them. As it is freer, there might have been more need for
intervention. (Teacher 1)
The groups were slow to get started. Researchers and teachers
circled around, trying to get the discussion going and answering
questions. Several students voiced confusion about what it was
they were supposed to be doing and if everyone should participate
in all tasks. Search for competitors seemed to be easy, however
interviews and observations were met with some resistance. The
purpose of observations was hard to grasp and students had trouble
coming up with interview questions. In addition, they did not like
the idea of going up to a stranger asking to interview them. A
teacher reflected that we perhaps allowed them too much freedom,
and tasks could have been divided into smaller pieces for more
structure: 15 minutes for example for interviews, and 30 mins for
background research. Maybe a stronger structure and instruction.
There was a bit too much freedom at the start (Teacher 2). In the end
we could not keep track whether all groups accomplished their tasks
but had to take their word for it. When recapping the results with
the whole class, everyone listened intently, interested in hearing
how others had done.
Lessons learned:
1. Do not expect students to take initiative and act independently during the early phases of the project.
2. Divide the tasks into smaller phases; Introduce them one at
a time and give detailed instructions on how to carry them
out. Help students assign roles and tasks to group members
in complex tasks.
3. Build observations and interviews as a natural part of the
working process, to lessen the awkwardness.
4. Inform students they need to present their results in the end,
to make sure all groups carry them out.

4.4

session for acquiring the basic skills, was held at the FabLab. After
the students saw a couple of stickers come out and placed on laptops
or phone covers, they started to create one design after another
and soon the process was jammed. One reason was that of the four
researchers and two teachers participating in the session, only two
could effectively instruct the students with Inkscape. They were
trying to make sure everyone had completed at least one tutorial
as we wanted everyone to have the experience of succeeding and
taking home an item they designed themselves. In addition, while
students had been instructed to go and ask FabLab instructors to
help them cut stickers out, some were shy or reluctant to ask them
for help. When reflecting on digital fabrication, one student explains
that while she liked the sticker, the process is very independent, and
she did not have good ideas for future projects to do there: I really
liked the end results. Like the stickers. I was impressed. About like,
what you can do with this kind of technology. But I didn’t understand
very well how they were done. I don’t have ideas [for what to do
on my own in the future]. (Girl 2) In this phase, the teachers’ role
was mainly to make sure all groups were progressing and to tell
the researchers if someone needed help. They agreed that when it
comes to learning the basics, it was better that the researchers who
had experience took charge, however they felt a little like outsiders
during this session (and the subsequent making activities). Their
feedback was that we could have incorporated their help in a more
efficient way: With a well-set plan, teachers could work as facilitators,
perhaps not the software, but the pedagogical side. Some things are
learned along the way, knowing what works with the ninth graders.
(Teacher 1) In general, this phase exemplified the challenges of
managing the expectations and roles of different adults taking part
in making projects with children and engaging the teachers in the
making activities.
Lessons learned:
1. Involve teachers in the activities beforehand to engage them
better when working with students.
2. Negotiate the roles and responsibilities of adult actors to
take advantage of each other’s strengths.
3. Get students familiar with FabLab instructors to facilitate
their help effectively.
4. Ensure the positive experiences and sense of accomplishment
for not to curb students’ enthusiasm.
5. Present students simple projects to do on their own to lower
the barrier of participation in the future.

Acquiring Basic Skills in Design and
Making

Design and making activities started with learning to use design
software at the school in Session 5. We prepared 3 tutorials for
students: 1) Inkscape for vinyl cutter (sticker) 2) Inkscape for laser
cutter (earrings/keychain) and 3) Tinkercad for 3D printer (keychain). Students were tasked to complete at least one tutorial and
save the design. Instead of working in groups, they were free to
experiment independently. As homework, they were to think about
what they could design related to their business with the software.
It took some time for the students to get started and select a
tutorial. Despite chatter, all seemed interested in the task. Even
those first uninterested activated as the session progressed. Some
had previous experience and were happy to show off their skills,
completing the designs fast. One student considered making a keychain a highlight of the project: The most interesting part of the
whole project was the designing with Tinkercad. We had possibility
to make our own designed keychains and 3D print them. (Boy 1)
Inkscape proved out to be more challenging, some voiced out
their frustration and considered quitting. In the end, however, the
stickers made with Inkscape proved to be a hit. Session 6, a second

4.5

Designing and Making Something Related
to the Business Idea

Next, we guided the students back to group work. Sessions 7-9
were held at the FabLab, where researchers introduced students the
importance of concept pictures, and scenarios in product design.
Groups were tasked to create a concept picture to visualize how
their product or service looks like, or a scenario to exemplify how
it would be used. In addition, groups discussed the results of their
homework: what they could design related to their business idea using the processes that they had learned earlier (2D design and vinyl
or laser, cutter or 3D design and printing). Concept pictures and
scenarios were produced with relatively little difficulty but coming
up with something to make related to business ideas was difficult.

This time we had anticipated free ideation might be challenging,
and to help overcome blocks in creativity we arranged for each
group to have an adult helping. In addition, we prepared a list of
small projects for each group, in case they did not come up with one.
The list was given to the dedicated adult and it worked as a conversation starter in some groups; some had difficulties though and
were passive. One researcher, frustrated, wrote in her field notes:
Even though instructions are clear, it is still surprisingly difficult to
tell children what to do when they don’t do anything on their own,
not even when told to do something. It was still also unclear for some
what was the point of the work altogether: One kid asks: “what use is
this kind of imagining for?”
Once we made sure all groups had an idea, we let them work
independently, designing and fabricating their items and updating
their business plan and preparing for the final pitching. Learning
from the previous sessions, we printed out our instructions, to help
the students keep track of what needs to be done still, and who
will be doing it. The role of researchers was to help in the design
and making of the product, while teachers made sure groups were
working on their business plan and pitch. In this phase in Sessions
8-9, students retreated to work on their own corners in the FabLab.
At first, we were worried as it looked like there was not much communication going on: Many sat with their headphones on browsing
their phone. When looking more closely and talking to them, we
were happy to notice many were in fact doing something related
to their group work - their way of working was just different than
we anticipated. The facilitators able to help with more technical
work were spread too thin in this phase, however, as all researchers
did not have the needed skills. This frustrated the researchers, and
most likely also the students, we assume.
There were also the unmotivated students. A teacher explained
that as student work was not graded, it was harder to motivate
them. He had expected them to be impressed by the possibilities of
the space more: I had the presupposition that they would be happy
and excited to be in a FabLab, but it wasn’t the case. They said they
don’t want to do it as it doesn’t affect their grade. (Teacher 1). Upon
hearing this, we decided to make it known that the group that
secures the most investments in the pitching wins movie tickets.
This caused an immediate surge of energy. Groups were happy,
competitive and chatty, and told us that we should have told this
from the start. The teacher laughed: The tools of external motivation
have been used. (Teacher 1)
Working methods varied a lot between groups. In some, the
groups worked together on all tasks, in others, each participant had
specific tasks. There were some that disengaged from the project
and the work was not always evenly distributed. Tensions were also
caused by the fact that individual designs were more interesting to
some than group work. Reflecting back, a student reminisces a fight
they had concerning this: He was doing his own thing. Sticker. He
wasn’t participating, he kinda thought he had finished our prototype
and didn’t need to do more. I got mad. [. . .] But at one point I was
also doing my sticker when we were supposed to work on the project.
I could have concentrated more too. (Girl 2)
Lessons learned:
1. Balancing individual learning with group activities is a challenging task that requires planning.

2. If possible, have a dedicated instructor for each group to
assist in ideation and making activities.
3. Consider how to communicate the link between products
clearly and services in use and all the ‘imagining’ done when
developing a business idea further.
4. If there does not seem to be intrinsic motivation and external motivation is also missing (i.e., no grade), introducing
competitive elements might spark action.

4.6

Pitching the Business Ideas

The project was wrapped up at the university in Session 10, where
we arranged for four new researchers to act as investors in an
event mimicking the TV-show Shark Tank. In the beginning of the
session, we had breakfast together and gave groups time for final
preparations. The atmosphere was excited. Groups had worked
with teachers to practice pitches. They wrapped up their projects
well and listened intently to others. Afterwards one reflected: The
best part in my opinion was the last day when sharks invested money
for our ideas. I liked to hear comments about our business plan and
seeing what team wins. (Boy 2)
When presentations were over, the Sharks circled groups, asking
questions and making investments. Each had 100 000 Euros of “FabMoney” to divide between groups. They were given an instruction
to give each group a portion as we wanted the excitement of the
competition to last, and to avoid some groups getting a lot more
than others. After the Sharks finished, we calculated which group
received the biggest investment and announced the winner. We did
not announce how much other groups received. In general groups
were happy with how they wrapped up the project: Our idea and
end result were not perfect, but I think we did a good job pitching (Girl
2). I learned that we need to have a better idea than competitors. I
liked presentations and shark tank (Girl 1). Teachers were also happy
with how the event wrapped up the project: Being in the business
kitchen exposed them to entrepreneurship. Now they have concrete
experience and idea what it is, how competitive it is. Shark Tank was
really nice although they were nervous. (Teacher 1)
When reflecting on project goals, the teachers were impressed
with end results, happy with what students accomplished and how
students’ teamwork skills improved. They saw the experience beneficial as students had to take more responsibility and initiative. In
addition, as students learned the basics of entrepreneurship and
ideating, the project fulfilled the expectations of the multidisciplinary learning entity. Students also reflected on group dynamics,
discussing time restraints and realizing everyone needs to pull their
weight in order to carry out a project like this. They voiced out that
while it is hard, all ideas need to be heard: In the end we started to
understand each other. In the beginning we were all over the place a
bit. (Girl 2) I learned that coming up with a good idea takes a long
time and everyone’s voice needs to be heard. (Boy 2)
However, even after their positive experiences, in the end teachers had trouble envisioning how they could integrate making activities into normal teaching. One expressed she does not know what
kind of projects she could do to tie them together with the subject
matter: As an English teacher, it does not seem to be something to do
regularly but there might be a place for it. It would be difficult to work
with teachers from other subject [such as arts and crafts] (Teacher 2).

The other teacher also brought up the need for careful planning,
and limitations in technical skills: They need to cover lots of things
and the planning to fit it into the teaching is time consuming. They
need to be well structured, planned, and brief so that there would be
some theory first. If it is about the digital fabrication it is better that
the experts do it, and teacher supports. It would take so much time to
learn to use the machines and the software (Teacher 1).
Lessons learned:
1. Less formal setting allows students to take more responsibility and initiative and build teamwork skills as the project
progresses.
2. Preparing pitches tie together the making activities with the
entrepreneurship aspect of the process.
3. Competitive pitch is a fun way to wrap up the project where
students learn the importance of an idea.
4. To effectively integrate making into schoolwork, we need to
envision ways that make it attractive to teachers and lower
their barrier of entry.

5

CONCLUDING DISCUSSION

Inspired by the educational trends of digital fabrication and making as well as entrepreneurship education, we examined in this
paper what are the challenges involved in combining digital fabrication with entrepreneurship education in the school context. So far,
surprisingly little research has been conducted on the topic, even
though the combination has the potential to empower children and
increase their abilities to participate and shape the society and digitalization within, i.e., to act as protagonists [16] instead of passive
consumers. Our study enables bringing in new, valuable aspects
for the Protagonists role for children [16].
We contribute by presenting one example of how digital fabrication and making can be combined with entrepreneurship education
with teenagers, aiming them to adopt the role of the Protagonist,
driving digital business innovation. We have presented a number
of challenges and lessons learned related to the different process
phases that we believe are useful to the diverse group of practitioners coming together in Fab Labs and makerspaces to work with
children, in order to identify and tackle potential pitfalls that may
emerge. The overall takeaway message from the project is that it
worked: the teachers were happy with the learning outcome – learning the combination of technical and entrepreneurship skills as well
as soft skills of teamwork. We can still identify two overarching
challenges that affected the working:
First, how to balance making activities with the entrepreneurship
aspects of the project. The project started with business planning in
groups, but after we introduced individual design tasks and gave
students opportunities to fabricate their own keychains and stickers,
it was hard to get the focus back on the group work and the businessrelated aspects. When we finally managed to do so, the end product
seemed to be more important to groups than the business plan that
was meant to be the backbone of the project. This might be because
students felt the pressure of presenting something concrete in the
final pitch. We focused a lot on getting positive first experiences
with digital fabrication for all but learned that it is important to
plan beforehand how to balance individual learning with project
goals. Perhaps it would be better to introduce design and making as

a separate entity first, and only after everyone has had a chance to
experiment and learn the basic skills, move into applying them on
a project where the focus is on innovation and entrepreneurship.
However, in reality, arranging dedicated making activities during
school hours can prove challenging because it would mean teachers
having to give up time reserved for something else.
Another key challenge was negotiating the roles and responsibilities between the adult participants of the project (see also [23–25, 28])
researchers, teachers and FabLab instructors. Researchers strived
to provide participating teachers all needed materials beforehand
as well as inviting them to take part as much as they can. However,
teachers rarely had time to go through the materials before the
sessions. As the sessions unfolded, researchers emerged as the leaders and the role of the teachers was more to help manage groups
and facilitate learning. On one hand, teachers voiced out that they
would have enjoyed a bigger role but lacked the needed technical skills. On the other hand, they did not take an active role in
planning any activities, even though they were offered possibilities
for that. This caused us to start off the project different to what
students were used to, which caused confusion among them. In a
situation where all participating adults do not have technical skills,
we suggest sharing the roles differently to how we did it. Teachers
could lead daily activities by going through students’ progress with
the help of the business plan. Then, students could move into the
specific daily activities instructed by researchers. Teachers could
also lead the wrap up discussion for each day. As participating
teachers pointed out, while we had the technical skills, they have
more pedagogical know-how that is a huge resource when working
with a group of teens that, as we learned, might be hard to motivate
and keep in check. It is a key to try and find a balance. Thus, it is
important to not consider only students as participants and but also
engage teachers in the learning process. The teachers had, after all,
envisioned having a bigger role in the project, but would not have
time to acquire the skills needed to lead making activities. Instead of
sending teachers materials and tutorials beforehand, perhaps more
hands-on workshopping for them in the FabLab would have been
a more engaging option and helped them to commit to planning
as well as helped gain more skills to facilitate some technical parts.
FabLab instructors were the third group of adults present in many
sessions. However, students were shy to approach them to ask for
help. Had we succeeded in including the FabLab facilitators better,
it would have relieved some pressure from us during the design
and making activities. Thus, we argue that in addition to helping
students negotiate tasks and roles in their project group, same is
needed when discussing the roles of multiple adult facilitators to
avoid confusion.
From the Protagonist role perspective [18] we see a lot of value in
the learning process of the project. In addition to learning about the
basics of coming up with a business idea, a business plan and a pitch,
all learned the basics of digital fabrication and prototyping. Students
learned to take more initiative and responsibility and improved
their team working skills. All these are part of the 21st century
skills [39, 40] and valuable from the Protagonist role: learning to
understand different facets of technology development and use and
learning that everybody can take a lead in developing technology
and business. It was great to see in the end how students learned
that all you need is a good idea, everyone’s voice should be heard,

and that you can create something to be proud of in a relatively
short period.
To conclude, we think that this is valuable for the CCI/FabLearn
researchers to consider: the skills children learn in CCI projects are
increasingly everyday skills, compared to how they have previously
belonged to the domain of adult experts. We argue it is important
for researchers and practitioners alike to consider combining digital fabrication and making with ordinary, everyday topics that
children encounter, to give children experiences and examples of
how digital fabrication, design and making can be utilized in their
future lives. We also align firmly with the entrepreneurial vision of
the maker movement that sees making as an enabler of business
innovation and key to entrepreneurship [22, 38], while we also see
the important value of the maker movement from the viewpoint
of developing personal, meaningful objects for one’s own use or
for the good of the community. By combining the two, the children
can get an initial understanding of the possibilities, which possibly
sparks an interest for trying either or both out later.
As to the limitations of the study, we examine data from a project
conducted with children in one country and city. As there is limited
amount of literature available yet on the topic, this is an exploratory
study, and more research is needed for finding best practices on
how to combine entrepreneurship and innovation education with
digital fabrication and making. Furthermore, the focus of the investigation was on lessons learned for practice. It would be interesting
to examine more fundamentally which 21st Century Skills can be
promoted in lessons with teenagers through the combination of
these different approaches - entrepreneurship education, digital
fabrication and making - and to what extent this combination is beneficial for the promotion of these skills or whether the approaches
should be implemented separately.
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