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ABSTRACT
Previous literature highlights the importance of teaching children
design and Making skills. However, there are fundamental diferences in projects engaging children in design and Making, concerning the objects and motives of design. They vary depending on
whether one emphasizes participatory design, user centered design,
Making philosophy or entrepreneurship education, among others.
In the frst two, the emphasis is on the appreciation and engagement with the user, who is seen as separable from the designer.
The third one often starts with solving one’s own problems while
the fourth one prioritizes the customer. In this paper, we analyze
the existing literature and three of our own design and Making
projects with children. We reveal diversity in the projects reported
in the literature and challenges among children in our projects in
understanding the design goals and practices, particularly relating
to designing for oneself versus designing for others. We propose a
categorization for mapping and managing this diversity.
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1

INTRODUCTION

This paper is set to explore design and Making as intermingled
with education of children. It has been acknowledged that engaging in diferent participatory design and Making activities has the
potential to teach children valuable 21st century skills, such as
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critical thinking, problem solving, creativity, teamwork, and communication (e.g. [12], [2], [36]). Previous literature has introduced
numerous design and Making projects conducted with children in
schools as well as in informal learning settings [see 56]. In addition to the actual Making part, these projects often include distinct
phases for design and ideation, and because of this, they don’t teach
children only Making skills e.g. [6], [5] but also designerly thinking
and user-centered or participatory design skills [25], [42]. However, user-centered design, participatory design, and Making have
somewhat difering background philosophies and foci, particularly
related to who is the target of design/Making. While human or
user-centered design and participatory design focus on appreciating and engaging the user, seen as separable from the designer
skills wise (see e.g. [18], [33], [19], [40], [43]), the philosophy behind Maker movement underscores Do-It-Yourself (DIY) approach
– being able to make and modify things yourself for your own use,
with a strong community aspect though (e.g. [15], [45]). When educating future designers and Makers, for user-centered designers
empathy towards others is considered essential [30], and in participatory design ethical responsibilities of designers towards users
have always been in the forefront (see e.g. [43]), whereas Making in
education is more focused on Makers’ technical skills and fulflling
Makers’ own needs (e.g. [15], [45]).
We argue that for the Human-Computer Interaction (HCI) community in general and for the Child-Computer Interaction (CCI)
community in particular, it is pivotal to refect on these diferences
when engaging with children in design and Making projects. The
existing literature has not discussed these fundamental diferences
in depth, even if a body of research on design and Making with children in the context of their education has already been published.
We maintain it is important for the researchers to be aware, understand, and refect on this variety when educating children with
projects that combine design and Making with children. Because
of this, we address in this paper the problem of embedded assumptions in methodological choices in design and Making projects with
children in the context of their education. In other words, we ask:
who are we actually designing for in design and Making projects
with children in the context of their education, and what do we
wish to teach to children through design and Making?
In this paper, we frst discuss the existing literature addressing
design and Making with children, concentrating on the variety
involved in these studies. Then, we introduce the research design
and methodology involved in this study. This study represents qualitative research, in which we explore a series of design and Making
projects conducted in three diferent schools with 7–15-year-old
children. We present and analyze the feld study and design and
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Making tasks the children participated in during the projects, and
their outcomes. In our analysis, we particularly focus on challenges
encountered. Based on the existing literature and our empirical
insights, we present a categorization – mapping the diversity in
the feld – that should be helpful for researchers and practitioners
conducting design and Making projects with children in education context: it should enable them to make conscious choices on
who to design for and what to aim to teach to children in the
projects, helping in planning the activities as well as positioning
the research. The categorization reveals underlying assumptions
concerning what we are actually teaching children through design
and making projects. This study focuses on technology and STEM
education of children, addressing the educational/learning goals in
particular, leaving out an examination of children’s actual learning
processes and outcomes.

2

ACCESSIBILITY DESIGN AND MAKING – A
VARIETY IN THE MAKING
2.1 User-centered and Participatory Design –
Designing for and with Others
Already since the 1980s, the signifcance of user and humancentered design (HCD) has been emphasized in the HCI feld while
designing products and services. It has been underscored that designers need to understand the people they are designing for, they
need to engage users in the design process to get their feedback on
the design solution, and they need to iterate the design solution
based on users’ feedback [18], [33]. Participatory Design (PD) tradition, moreover, has for even longer stressed the importance of
users’ active engagement in the design process: users should have
a voice in the design process afecting their lives, and therefore PD
sessions need to be organized in a way that enables users’ genuine
participation and infuence [19], [40], [43].
Such developments have been highly infuential in CCI research.
Children have been invited into the design process as informants,
testers, and design partners for decades already, at least for indicating their needs and providing feedback on the evolving design, if
not for engaging as equal design partners in a participatory design
process [10], [11], [13], [21], [37], [38], [39], [44]. Druin, but also
many after her, have been infuenced by the Scandinavian PD tradition and emphasized that projects need to be organized in a way
that children’s participation as equal partners and their infuence in
the design are ensured (e.g. [11], [20]). Some researchers have also
underscored the political aspects of Scandinavian PD in their work
with children, arguing for empowerment of children and requesting
even more powerful and infuential roles for them in the design
process, such as the protagonist role (see e.g. [23], [25]).
Much of the previous research, albeit valuable, has invited children to take part in the design process as ‘experts of being a kid’,
representing his or her own viewpoint in the design process. In the
literature, few studies have specifcally considered how to enable
children to start acting as designers – responsible for the design
work and designing for someone else, not only for oneself. In most
of the studies, children’s personal development as designers is not
considered; it seems it is implicitly assumed that there are adult
designers – human- or user-centered or participatory ones – responsible for the design process, inviting and facilitating children’s
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participation. However, some CCI studies can be found that specifcally emphasize ofering children designer skills and competencies
as part of their education (see e.g. [25], [29], [42]), showing an
emerging interest on the topic. There are CCI studies in which
children have been engaged in conducting user or feld studies,
including interviews and observation, with the aim to understand
user needs, not only their own needs as users (e.g. [1], [10], [25],
[42], [50]). Such information has been collected by children acting
as designers themselves, potentially as part of an intergenerational
design team. There is also research aiming at arousing empathy
in children as part of the design process with diferent kinds of
thought exercises, storytelling and refection ( [52], [53]). Empathy
towards users is generally considered a cornerstone of human- or
user-centered design. The studies show that children developed
empathy towards fctional characters they were designing for, acting as protagonists in the stories. In one study children acted as
designers of games as well as arranged usability testing sessions
into which they invited other children, to gain feedback for the
improvement of the games, clearly adopting a designer position
[29].
All this indicates that in some CCI studies the topic of adopting a designer position and designing for someone else has been
acknowledged: there is an extensive body of research discussing
design with child design partners as well as a relatively limited yet
emerging body of research discussing the challenges and practices
involved in inviting children to develop their designer skills and
competencies and to design for someone else. Next, this literature
base is contrasted with the literature addressing Making.

2.2

Maker movement – DIY for yourself

In the Maker movement, democratizing of innovation is in the
focus: ordinary people acquiring and using skills that enable them
to innovate, design, engineer, and program personally meaningful
objects for their own use, solving their problems (see e.g. [15],
[45]). Open source software and hardware, and hacker and doit-yourself (DIY) movements form the background to the Maker
movement, emphasizing people taking their own initiative in the
creation of software, hardware, and other tools for serving their
personal needs and interests. Making, however, is not only a solo
activity entirely focusing on an individual’s interests and needs,
but there is a strong communal aspect involved, too. Important part
of the Maker movement is sharing knowledge with others, giving
to others what one has made, participating in and contributing to
the wider community and helping each other (see e.g. [3], [8], [22],
[26] [27], [31], [35], [47]). However, the very basic idea of Making is
individual-oriented: “Making is fundamental to what it means to be
human. We must make, create, and express ourselves to feel whole.
There is something unique about making physical things. These
things are like little pieces of us and seem to embody portions of
our souls.” [22].
The maker movement has made its way rapidly into education
contexts: it is seen to have a remarkable potential to transform
STEAM (science, technology, engineering, arts, and mathematics)
education (see e.g. [35]). Besides learning how to design and make
products per se, Making has potential in teaching children also
other valuable skills and mindsets needed in the 21st century, such
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as critical thinking, problem solving, creativity, teamwork, and
communication skills (see e.g. [2], [12], [36]). Integrating Making
related activities in education has been embraced by researchers
and practitioners alike [2], [6].
CCI researchers have also embraced the Maker movement and
advocated children engaging in Making (e.g. [2], [6], [9], [23], [25],
[26] [27], [42], [46], [55], [56]). However, there is quite a lot of variety in these studies regarding their goals and practices. Clearly
difering learning goals and subjects have been associated with the
studies. In some of them, the priority has been in children’s technology or STEM education and in developing children’s Making
skills (e.g. [5], [6], [27]) while in others the emphasis has rather
been on design education and a creative, user-centered design process around Making activities has been emphasized (e.g. [25], [42]).
In many of the studies children have been designing and Making
personally meaningful objects and tools (e.g. [9], [23], [27]) while
in others the objects under development have been integrated with
science education, addressing diferent science subjects (e.g. [6]).
Moreover, in others, social science related topics such as community development (e.g. [46], [55]) and solving of societally relevant
problems ([2], [25], [42]) have been underscored. We think that
addressing community or societally relevant problems include necessarily designing for someone else, not only for the self. However,
so far CCI studies have not refected on the fundamental diferences
between design and Making in education in terms of whom the
work is to serve and what we are teaching to children about design
and Making along the way.

2.3

Making for business and the customer

To show even more variety within the Maker movement, we point
out an entrepreneurial vision of Making that has been contrasted
with a hobbyist one [32] discussed so far in this paper. Within
the entrepreneurial vision, the Maker movement has been seen as
a powerful enabler for innovation [8] and as related to the user
innovation concept (see [54]). Making is closely connected with
business and seen as a key to entrepreneurship ([4], [32]). A lot
of business has been growing around Making, Maker fairs and
Makerspaces with a number of established companies and a stream
of startups emerging [32], the entrepreneurial action of the Makers ranging from hobbyist to small business owners, growth entrepreneurs, and corporate innovators [4]. Maker movement may
infuence entrepreneurship through diferent channels: Makers may
accidentally fnd out that their solutions are of interest to a wider
community, enabling building business around them. Moreover,
rapid prototyping is at the heart of Making, perfectly serving new
product development and building of new business. In addition, the
wider network involved in Making may be purposely utilized for
idea generation and innovation in business. [4], [51]. For existing
businesses, the Maker community has been argued to be both a
source for new talents and new ideas to be exploited in business
[8], and the multidisciplinary nature of Makerspaces makes them a
valuable source for new ideas, compared with a traditional business
environment [41].
Some have already embraced Making as a source for new businesses and entrepreneurship in the context of children’s education.
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They see it as a possibility for children to grow to ‘digital innovators of future’ who can change the world through their skills [23].
For this end, eforts combining Making and early entrepreneurial
education, even if still relatively rarely reported, have emerged,
Unterfrauner et al. [49] and Fraunhofer et al. [14] reporting on such
a project. They argue for the pedagogical value of Making in early
entrepreneurship education [16]. In this, children should learn essential abilities, useful in their future education and practices, as it
is many years before they possibly end up using those abilities for
professional purpose [16], [34]. The focus of entrepreneurial education and entrepreneurship in general is largely about creating such
business where a customer is willing to pay for the value added by
some products or services. Therefore, the focus of entrepreneurial
Making widens designing for oneself, or a ‘user’, to a new concept, a ‘paying customer.’ Such a shift implies again diversity in
terms of what children are being taught and the ethical and political
implications. Yet, these aspects are not discussed in the literature.

3

METHODS AND MATERIALS

This study represents qualitative, interpretive research, which does
not involve formal propositions, quantifable measures of variables
or hypothesis testing [58], but instead qualitative researchers studying “things in their natural setting, attempting to make sense of, or to
interpret, phenomena in terms of the meanings people bring to them”
( [59]: 3). In this study, we explore meanings making within our
design and Making projects with children that we have organized
in collaboration with their teachers.
In this section, we introduce the three design and Making
projects conducted in three public schools in Oulu area in Finland
(summarized in Table 1), through which we illustrate the challenges
related to design and Making activities with children. The presented
projects proceeded the arguments elaborated in this paper but the
general learning goal in all these projects was for children to learn
design and Making skills. The children involved in the projects
were selected by volunteering teachers who were willing to experiment with the design and Making project as part of their teaching.
Teachers indicated four classes of children to work with. Teachers
from the 1st grade, a special need class (project A), and 4th grade
(project B), and English and social studies teachers with 9th grade
class (project C) participated the project. When conducting any research with children, one must carefully consider the ethical issues.
Guidelines of the Ethics committee of human sciences of University of Oulu were consulted. As this research concerned minors, it
was essential to gain informed consent both from the children and
their guardians. All children received an informed consent form
giving information on the research and asking whether the children
themselves were willing and whether the guardians allowed the
participation of the children in the study. 61/81 children returned
the consent to take part in the study. In all projects, all the children
participated in the activities as part of their normal teaching, but
material was collected only from the children with informed consent. Ages of the participating children varied between 7 and 15
years. All projects were conducted in 2018.
Project A was conducted with a combined group of 1st graders
and special need class (consisting of pupils from 3rd and 5th grades)
and Project B was implemented with a class of 4th graders. These
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Table 1: Summary of the setups of three design and making projects with children.
Project
Participants n
Grade (age)
Sessions n
Themes of the
workshops
Analyzed data

A

B

C

(28a +8b )

26
36
4th (10-11 y)
1st (7-8 y)a & 3rd-5th (9-11 y)b
5
6
Field work (observation, cultural
Field work (observation, interviews,
probes), Ideation, Design (concepting, cultural probes), Ideation, Design
3D modelling), Programming
(concepting, 3D modelling),
Programming
Field notes, photos and videos,
Field notes, photos and videos,
interviews
interviews

two projects followed the same structure. Workshops were conducted in a weekly basis during fve (A) or six (B) recurrent weeks
(excluding winter and Easter holiday periods). The sessions were
organized at the school premises as a part of a normal school-day
and a teacher of the class was present during all times. The language
of the project was Finnish.
The central theme of the workshops was to design a “digital pal”
– a future omnipotent robot or gadget for helping and entertaining
school children. The overall structure was similar to all participating
groups, starting from feldwork and ideation, and continuing to
design and programming phases. However, the duration of the
workshops and tasks in each phase were adjusted according to the
age and grade level of the children, for example feld work task
of interviewing other pupils was only conducted with 4th graders
in project B. Both projects culminated in an ending event at the
university where the project was wrapped up and the university Fab
Lab (digital fabrication laboratory) was introduced to the children.
All sessions started with a recap of the tasks already done in the
project and a short introduction to the current topic and how it
relates to the actual design process. Researchers sent their materials
to the teachers before each session and the teachers were free to
modify and comment on the plans. The materials were implemented
by researchers after conversations with the teachers. The idea was
that the teachers would get to know the materials beforehand and
lead the sessions while learning the processes together with the
children; the implementation was such fully only in project B and
partially in project A, however.
Project C was conducted with 9th grade pupils (age 14-15 years).
The ofcial language of the project was English, but the pupils
communicated with each other in Finnish language and used also
Finnish in the interviews. The project consisted of 10 sessions arranged within two-week time frame, with 4-6 sessions per week.
The sessions were organized partially at the school and partially
at the university premises including the university Fab Lab. The
structure of the project was diferent in comparison with the frst
two projects; as requested by the teacher, this one concentrated
more on entrepreneurship and generating business ideas. The feld
study phase was replaced by forming a business plan and conducting relevant background research. The whole project ended up with
pitching the business ideas for the whole class and for a Shark Tank
group of investors (researchers) voting for the best idea.
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27
9th (14-15 y)
10
Ideation, Background research,
Design, Making, Presenting
business ideas
Field notes, pupils’ presentations,
interviews

Two researchers observed and participated in all the workshops
of the frst two projects. The third project was conducted by 3 - 5
researchers present in each session. Field notes were taken in most
of the sessions and situations were also video recorded. During the
projects, the pupils generated many types of material such as concept pictures, scenario texts, drawings, as well as 3D models using
TinkerCad. In projects A and B, the children got notebooks at the
beginning of the project, and they were used for conducting most
of the tasks. The notebooks were collected after the fnal session.
In project C, the pupils also generated business idea presentations.
Finally, the pupils who gave a research permit were interviewed.
Younger pupils in project A and B were interviewed in groups of
3–6 pupils by one researcher. The older pupils in project C were
individually interviewed by two researchers.
In the frst phase of data analysis, three researchers started to
go through the outcomes of all projects and got interested in the
difculties some children had regarding who they were actually
designing and making for. All of the three researchers analyzing the
data participated in the project planning and one of the researchers
participated also in running the project workshops with children
and collecting the data. Despite our careful planning of the projects
and the methods used, some confusion appeared among the pupils
as to what was the actual target of their work. In the next phase,
we collected from the data all occurrences related to why certain
methods were chosen to be taught to children, what was the design goal, why, and to whom were the children’s fnal designs and
products meant for. The analysis results were extensively discussed
among the authors to ensure that they agreed with the interpretations. At the end, the Finnish research material (e.g. interview
quotes and concept pictures) was translated into English in the
paper writing stage. Finally, Table 2 of this paper was created, to
make the diferences in design goals visible.

4

ANALYSIS

The original idea in the projects A and B was to try out diferent
types of feld work methods for data gathering before the ideation
phase. Some methods were adapted from user-centered design tool
palette concentrating on understanding other people, future users,
and their needs (interviews, observation) while other methods (cultural probes study) were more about understanding and analyzing
one’s own needs in participatory design style and thus giving inspiration for the ideation and design phase. Project C started with
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Figure 1: Pupils listening and analyzing interview material.
generating a business idea to fulfl a need of a customer. Next,
we describe the insights gained and challenges faced during this
process.

4.1

Designing for others

The frst task for the pupils in the workshops (A, B) was to observe
the fellow pupils at school. The pupils were given example questions
to focus on in the playtime break:
• What are your school mates doing during playtime?
• With whom they are doing it?
• Where are they doing it?
• What kind of games are played?
• What kind of toys are used?
The ultimate focus was set to fnd spots were a “digital pal,” a
possible omnipotent future robot or gadget would be needed. The
pupils were asked to write down their observations to notebooks
or record them using their phones.
The second data gathering method was interviewing fellow
pupils. The possible question examples were:
• What kind of digital friend would you want to have and
why?
• How would your digital friend look like?
• What would it be able to do?
Again, pupils were asked to record the fndings either by writing
them down to their notebooks or by using the voice recorder of
their phone.
The observations were conducted during a normal playtime
break at the school yard. Children were set in small groups before
the assignment and the idea was to conduct the observations in
groups (A) or in pairs (B). In project A, the groups were supported
by one approximately 14-year-old supervisor pupil. Children made
a number of interesting observations such as: noticed what children were playing (e.g. football, basketball, tag, toboggan), spotted
situations where children were laughing with each other or teasing
others, and counted the sizes of the formed groups (4-8 boys playing
football, 8-10 girls playing tag). Observations of the surrounding
environment were also made.
In Project B interviews were conducted within the classroom.
The idea was that each group of 4-5 children conducts the interviews
with children from other groups (See fgure 1). The child groups
gathered the following user requirements through the interviews
with fellow pupils: Digital pal should be a cheerful and tranquil
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robot dog, a sporty and cute dog, a boy, a pet, it should be able to
fy, and it should be able to launch an Xbox. Four groups out of six
described that the interviewees had desired for an animal-shaped
digital pal.
The idea of the feld studies described above was to collect user
needs and ideas from others for further development in ideation
and design phase and this was explained to the children before
the feld studies. However, according to the end interviews with
the pupils, reason for why the observations were conducted in the
frst place remained obscure for most. Although some liked the
observing task, others considered it rather “unpleasant” and most
did not understand the connection between observing people and
designing: “I wondered why we did the observing if we just code and
do stuf like that. That what do we need it for.” (Girl 4th grade)
Concerning the interviews, same reaction was noticed. “Well I
was wondering that if we did coding and programming with the computer and 3D-modelling and then suddenly went interviewing. I was
just wondering that.” (Boy 4th grade). On the other hand, although
the interviews were conducted and recorded properly, utilizing the
interview results in the later phase was forgotten, and children’s
own ideas outdid the collected feld data: “Well they talked about
a robot and Aleksi* said that it would be able to play Fortnite and
Oskari said that it should be able to switch on the Xbox [interviewer: I
assume your design was not like that at the end?] No (shaking head)”
(Girl 4th grade) (*names changed for anonymization)

4.2

Designing for myself

The third feld study method was a probe study using “idea boxes.”
Pupils decorated a small cardboard box using pipe cleaners, stickers,
feathers, craft eyes etc. (See fgure 2). After crafting the probe
pupils were asked to carry the probe with them after school. The
instructions were as follows: “Carry the “idea box” with you –
imagine the box is your friend. Take pictures of the box in diferent
situations, write and draw what you would do with it in diferent
situations if it were your “digital pal”.” As the task of ideating with
the decorated probe was an extra homework, not all the pupils
conducted it. The pupils of the frst project were especially advised
to write notes in their notebooks about where they took the probe
and what they imagined that it would have done in those situations.
The 4th grade pupils of the second project were asked to take
pictures of the probes in diferent situations.
The probe task inspired the children and the probe had been
taken to diferent occasions. Pictures were also taken with the
probes, but they were not included in the research data. Probe was
taken for example to: home, a car, a forest, a cottage, a basketball tournament, skiing, and a community center. Children also
described several activities they had done with the probe such as:
make a hut, making a snack, sleep. After carrying the probe to different places and activities some children also described what they
wished the digital pal would have done in diferent situations. For
example: cheering in basketball game, taking dishes after breakfast,
adjusting the radio in the car, steeling sweets from a grocery store,
driving a car and bicycle, playing with Barbie dolls and slime, feeding pets. Surprisingly, the children also disagreed with their digital
pal probes which did not do what was wanted as in the following
citations: “It did not help me when I got stuck in a pile of peat” (Boy,
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4.3

Figure 2: Examples of the “idea box” probes crafted by children in projects A and B

project A) “When I was making an omelet. It did not participate. I got
mad at it and left.” (Girl, project A)
The designs formulated by the probe study were heavily concentrated on children’s own surroundings outside of school environment. The needs the digital pal would fulfl were personal and
particular, and ideas varied greatly from cheering in a game to a
cook assistant. Ideas were also controversial and provocative (such
as steeling sweets).
After the feld work phase the actual designing of the digital pals
started by drafting concept pictures and scenarios, after which the
concepts were 3D modelled with play dough. The designed concepts
looked like cute pets or funny characters with super abilities (See
fgure 3). The abilities of the digital pals of the frst type were for
example: makes the day, you can hug it, can talk with humans and
cats, can help, can play Trouble. For the latter ones, the abilities
were: can play, can shoot laser, can save people, or generates candy
or soda. Children considered also “technical aspects” of the digital
pal. Several concept pictures included inputs for a charger, power,
and volume buttons as described in a concept description of a 4th
grader: “This is a digital pal, who lives inside slime. A wire comes
from the can and it charges the digital pal.”
The digital pals’ designs were created through concept pictures,
play dough 3D models and scenarios. The user needs behind the
digital pal designs were more general and vague (makes a day, can
be hugged) than the needs found through the probe study. The
children’s designs also reminded each other more. It seemed that in
project B the designs were based slightly on the interview material.
As described in the earlier section, many of the pupils wished
for an animal-shaped digital pal. Whereas interview fndings were
somewhat followed in design phase, the observational fndings were
entirely forgotten when the children started to form the designs. In
project A, the pupils did not conduct interviews at all.
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Designing for business purpose

Designing for business might start from designing for oneself, with
the initial idea originating from designer’s own need, but the idea
of designing for others who would use the product and would even
be willing to pay for it as a customer, requires diferent kind of
thinking. With this perspective, there is also an assumption that
you are planning to beneft from the innovation somehow. The
business purpose of the designs was highlighted with 9th graders
in project C.
The 14 - 15-year-old pupils in project C were asked to ideate new
business in the frst session. They were told that to have a good
business idea, it is necessary to have a customer who wants to pay
for the product or service. Thus, it is essential to come up with
a customer need or a problem that the product or service fulflls.
The instructions guided the pupils to fnd ideas for example by
thinking of a) everyday problems (e.g. waking up too late and not
having time to eat breakfast), b) customer problems (e.g. healthcare
/ mental health problems: it takes too long to get professional help
for the problems), c) non-customers (e.g. music industry & people
that don’t listen to music), d) combine industries (e.g. healthcare
and music industry). This introduction guided the pupils to start to
think about other people and their requirements and needs. The
idea was to think “how to make the world a better place” through
the business ideas.
The ideation session was followed by background research sessions where the pupils were advised to study their idea from diferent perspectives and start to form a business plan. The idea was to
map for instance possible competitors and to get an idea of possible
future users. The pupils were also asked to conduct quick interviews with other people, possible future customers, and hear what
they thought about the business idea. After background research
phase, the pupils started to design their product through sketching
and modelling. This was followed by digital fabrication and Making
sessions where the pupils were advised to make a prototype or
some part of it with the means of digital fabrication at the university FabLab. Finally, the groups pitched their ideas in a “shark tank”
organized as fnal event for the project where “possible investors”
(university staf members who were not involved in running the
project) asked clarifying questions and gave constructive feedback
for the groups (See Figure 4).
The pupils worked in groups of 4-5. During the project, the
groups came up with the following ideas:
•
•
•
•
•

A chair for improving your posture
A hoodie with a neck pillow
A safe pack -backpack
A drone for delivering shopping items
A refecting necklace

The pupils explained in the end interviews quite vaguely how
they came up with the business ideas, but the customers and their
needs were explained in the pitching presentations. For example,
refecting necklace was targeted for youngsters: “We think that
youngsters nowadays don’t use refector vests because they think
it looks stupid on them. Our solution is a refecting necklace and
earrings that loos cool and Youngsters will use them.” (project C,
group 5).
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OzCHI ’20, December 02–04, 2020, Sydney, NSW, Australia

Figure 3: LEFT. Example ‘cute pet’ concept pictures and corresponding playdough 3D-models of the digital pal in project B.
RIGHT. Example ‘funny character’ concept pictures, scenarios and corresponding playdough 3D-models of the digital pal in
project B.

Figure 4: Pupils in project C pitching their business idea for the audience.
Although business aspects were not highlighted in projects A
and B, interestingly a couple of pupils came up with business ideas
derived from the project tasks. These ideas related more to Making
in general than to the design of the digital pal itself: “We could make
images with Tinkercad and then make them with the machine and
sell them and we would get money with that job. And then we could
go for some trip with [other teacher’s] pupils and our pupils.” (Pupil,
Project A) “I would probably make phone covers and some keyrings
and then I would sell them in the street market.” (Pupil, Project B)

5

DISCUSSION

Previous literature has highlighted the importance of teaching children design and Making skills. The aim of the current paper was to
make visible the embedded assumptions in the design and Making
projects in the context of children’s education. We contribute on top
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of previous research by highlighting how one of the issues where
these assumptions become visible is the design goal – who are we
designing for and for what purpose, and by proposing a categorization for understanding this diversity. We discuss the diversity and
related challenges as well as present a categorization for mapping
the diversity.

5.1

Diversity in Design and Making

There is a lot of variety in the existing CCI research combining
design and Making. There is a strong literature base on inviting children to engage in user-centered or participatory design or Making
in adult-initiated and -facilitated projects, but there is also emerging
literature on integrating design and Making into children’s education, with strong focus particularly on Making in education. The
approaches utilized in involving children in design and Making in
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CCI research – user-centered design, participatory design, Making,
and entrepreneurship education – have fundamental diferences
between how they approach who is the target and what is the goal
of design and Making. User/human centered and participatory design advocate the idea of empathizing with and designing for and
with a user, who is seen as separable from the designer. Some work
in the CCI research inviting children to empathize with and design
for someone else could already be identifed. The Maker movement,
then again, relies on DIY Makers solving their own problems and
serving their own needs through Making, even if at the same time
engaging with and contributing to the wider community. A lot of
Making projects with children have been conducted along these
lines in CCI research. Additionally, through our review of the existing literature, we recognized that Making is nowadays also closely
associated with business and entrepreneurship and hence geared
towards designing for the customer willing pay for the solution.
Such projects addressing entrepreneurship education in CCI were
also found. Overall, our literature review revealed that Making in
education mixes and matches a variety of approaches and philosophies: designing for a user, Making for oneself, Making for science
learning, and designing or Making for a community or a customer.
In our own projects, it was challenging for children to make
the diference. During these carefully prepared projects, various
frustrations and confusions arose. We revealed some successes
but also several challenges among children in understanding the
design process and conficts between designing for oneself versus
designing for others. Designing for oneself seems to be a reasonably
clear concept. The children utilized the cultural probes method
and with it ideated several usages for the digital pal. This entailed
designing for oneself, which seemed to work quite well, even if
some children ended up getting mad at the box they carried with
them, showing a deep engagement with the box, while also a slight
misunderstanding of the task.
Designing for others seems to be a surprisingly difcult concept
for pupils to understand and execute. Despite our careful preparation of the process and material for the projects, the participating
children had difculties in understanding who they were actually
designing and Making for. The interview and observation methods turned out to be difcult for the children: some considered
using them as unpleasant and many reported of not understanding
their purpose. Our fndings also indicate that it was challenging
for children to utilize the material collected through diferent feld
study methods. Other people’s needs and desires concerning the
concept were overridden with pupils’ own ideas and desires. With
the younger children, their cognitive development might partially
explain these difculties (see e.g. [17]), but this was challenging
for all the participating pupils despite the age group. There were
various reasons contributing to this confusion, but a central one
was revealed through the analysis for this paper: it was challenging
for the children to take the implicit leap from considering their own
needs, on the one hand, to designing for more general ‘users’ and
coming back to Making for themselves again (projects A and B),
and on the other hand, to designing and Making for paying customers (Project C). Although in Project C the task itself (generate
a business idea) guided the 9th graders to consider others in the
design phase, it was still not as simple for them as we expected,
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and most of the business ideas were drawn from the design group’s
own needs. User studies were not meaningful for them at all and
only some of the groups conducted interviews with potential future
customers. Overall, we maintain that combining a user-centered
design process with Making – with or without the entrepreneurial
aspects – can be challenging and might not happen naturally.
An additional layer, business orientation (in our Project C), may
confuse even more the target and goals of the design. We argue,
however, that business orientation is an important aspect if we
want children to grow to the digital innovators of the future [23]
hence it is not enough that children learn only design and Making
skills. CCI designers should embrace the possibility to help children
grow not only to be designers of new technologies for others or
Makers of meaningful objects for their own use, but entrepreneurs
instead, the innovation powerhouses of the future, dreamers who
change the world through their businesses. For this, we need to
teach children also entrepreneurship skills, to add in their toolbox
business understanding, enabling them to see that in addition to
themselves or ‘users’ there are also ‘customers’ who need to be
willing to pay for the new innovation, i.e., the innovation needs
to bring value (see e.g. [7], [28]) for the paying customer. The
business/product understanding is a very natural addition to design
and Making projects, but, once again, the researchers need to be
clear in their communication regarding the target group for the
outcome.
The HCI literature has for long argued that in the development
of digital technology, it is critical to diferentiate between handson users and paying customers – too often the paying customers
are listened to instead of users. Moreover, the HCI literature has
pointed out decades ago that designers tend to design for themselves
and the like-minded, whereas they should learn to empathize with
users, who usually are distinctly diferent from the designers. HCI
methods aim to enable empathy through personas and such. Overall,
it is not a surprise that children in our projects had difculties in
making the diference between designing for oneself and designing
for others, considering all these challenges even among the adults.
One aspect not explicitly addressed in our projects but mentioned
in the literature is Scandinavian participatory design inspired design
and Making with children with heavy emphasis on ethical and
political aspects. So far, not too many projects have empirically
explored this type of design and Making with children ([25] as a
notable exception), but projects of this type have already been called
for in the literature [24]. In such projects, a critical approach to
design and technology should be adopted, the status quo critically
scrutinized, and the empowerment of people considered as the
design and Making goal.

5.2

A Categorization for Mapping the Diversity

We argue that CCI researchers and practitioners working in the
context of children’s education should carefully consider the question of who the children are asked to design and Make for. On the
one hand, it helps in setting learning goals for the projects as well
as in methodological choices for them. On the other hand, certain
methodological choices have also design and Making goal related
issues embedded in them, which is useful to acknowledge. We propose in Table 2 an initial categorization of goals in design and
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Table 2: Categorization of the diverse goals in design and Making projects and position of our projects in the categorization.

Benefciary
Myself

Others

Goal of design and making
Personal good
Common good

Business

Education of other subjects

Project C
—–
Do-It-Yourself;
Creating useful designs /
objects for personal use but
building business around it
[e.g. 4]

Project A, B, C
—–
Learning new skills when
creating personally
meaningful objects
[e.g. 27]

Project A
—–
Do-It-Yourself;
Creating useful
designs / objects for
personal use
[e.g. 27]

Project B
—–
Do-It-Yourself;
Creating useful designs /
objects for personal use as
well as for the likeminded
community [e.g. 16]

Personal satisfaction
through helping others
(voluntary work,
charity)

Project C
—–
Participatory design,
Value creation for paying
community informatics;
Value creation for society or customers
a community
[e.g. 42]

Making projects for CCI researchers for revealing and addressing
the diversity involved in teaching children design and Making. The
categorization is drawn from the previous literature and informed
by our empirical insights. Our own design and Making projects are
used as illustrative examples in the categorization.
The categorization in Table 2 identifes various goals for design
and Making. The categorization makes visible how projects may
aim at designing and Making various kinds of objects and tools
either for the designers and Makers themselves or for a larger
community or the entire society (cf. [57]). Then again, they can
be harnessed for building business: this may happen accidentally,
if the like-minded get excited about the tools developed, but this
can also be intentionally aimed at from the very beginning of the
project.
This categorization is particularly designed for researchers and
practitioners interested in technology, design, and STEM education of children, for whom educating future designers and Makers
should be seen as among top priorities. For such an education, it is
critical to enable children to see and refect on who the benefciaries of the designed and Made objects will be. Important here is to
note that design and Making are indeed often associated with technology, STEM and science education, while obviously a multitude
of subjects can be integrated, including arts, social sciences and
humanities. This categorization does not cover the learning goals
of these subject matters, while we think this categorization is useful
also for researchers and practitioners working with these subject
matters, in the context of design and Making projects with children.
Learning is intermingled with any project where children design
and Make: children gain a variety of skills and abilities, including
skills around design and Making, when engaging with them. Hence,
for any project it is useful to consider what children will learn along
the way.
Our projects had the goal of design and technology education,
while at the same time we can say that in Project A, the children
concentrated on personal good and designed for themselves, in
Project B the design took more into account the like-minded peers,
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Project B, C
—–
Learning new skills when
creating objects useful for
common good
[e.g. 42]

whereas in Project C the target group of the business ideas were
the pupils themselves as well as others. In Projects A & B the feld
study methods aimed partially to collect ideas from peer pupils, i.e.
like-minded people, which could have fostered the design process
to come up with ideas both for the designer her/himself and for
her/his community (common good). However, in practice the developed ideas were heavily based on designers’ own experiences
and personal life.
In many projects in the CCI literature, it has been usual to invite
children to design and Make personally meaningful objects and
tools (e.g. [9], [23], [27]), in which case one is asked to design and
Make for oneself (and the like-minded). However, in some projects
it is more a choice what the researchers see as central from the
point of view of the project goals. Thus, it is up to the researchers
to contemplate what they wish to communicate to children about
design and Making goals: whether they wish to emphasize oneself or the others (users, customers, communities, society) as the
primary benefciary. Overall, we see that in the current work combining design and Making in education (e.g. [23], [25], [48]) as well
as combining Making and entrepreneurial education ([14], [49])
design and Making are seen as vessels for serving something else
than purely the individual provided with practical tools: they advocate empowerment, agency, entrepreneurship. Thus, design and
Making serve a higher goal than just learning the practical skills.
Children are nevertheless engaged in practical design and Making
activities during which they implicitly or explicitly are designing
and Making for someone or something. It is better for us to articulate the agenda and aims for children rather than leave them alone
to make their own interpretations and remain confused. To help
the articulation, we have formed the categorization presented in
Table 2. The categorization can be utilized for positioning research
and for articulating it to the participants of the design and Making
projects.
Summing up, we argue that it is important to make the conceptual diferences clear. It is easy to say this, but we know from
the long and challenging history of HCI in industry as well as in
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education of adults that these diferences are not always easy to
internalize. Designers easily resort to designing for themselves.
Especially for children, designing for common good and for others
is challenging – this requires empathy, and building of empathy
towards users is not a trivial task even with adults (see also [48],
[49]).

6

CONCLUSION

Previous literature has highlighted the importance of teaching children design and Making skills for gaining valuable skills for the
future. In this paper, we have identifed diferences between participatory and user-centered design, Making philosophy, and entrepreneurship education, concerning who is the user we are designing and Making for. While user-centered and participatory design
philosophies highlight understanding and empathizing with the
user, Making often starts from the idea of creating things for one’s
own needs. We illustrated challenges associated with this diversity
through three design and Making projects with children, conducted
with three diferent level school classes. We revealed challenges
among children in understanding the design process and conficts
between designing for oneself versus designing for others. We also
proposed a categorization for handling the conceptual diferences
in projects engaging children in design and Making. We believe
that researchers and practitioners should make these conceptual
diferences clearer in their own work and with children.
As combining design and Making in education is currently advocated [48] as well as combining Making and entrepreneurial
education [14], [49], we see that addressing this diversity is a very
current and relevant issue for the CCI community. The assumptions
embedded in diferent approaches and methodologies both limit
what we can teach children in design and Making projects as well
open us diferent possibilities for that. CCI researchers should more
consciously and explicitly address this diversity in their projects
with children in the context of their education. CCI researchers
do not possibly articulate this clearly enough in their projects; at
least they do not explicitly mention it in their papers. In some cases,
when the work addresses e.g. community development or solving
societally relevant problems, it is quite obvious that the children
should not be only designing for themselves but consider the needs
of a community or the society even (e.g. in [2], [25], [42], [46],
[55]). However, in many studies addressing Making and the Maker
movement together with children, this may remain quite unclearly
articulated. Intertwinement of the design goals and chosen methodologies should also be made more visible: on the one hand, with
certain goals some methodologies can be more ftting than others –
on the other hand, by making certain methodological choices, we
commit to certain goals.
This study has limitations. We examine only three projects conducted with children in one particular country and city in this
study. In future research, a larger number of projects conducted
in diferent contexts might reveal new understanding on the topic.
Additionally, in our projects examined in this paper, we could have
articulated better the diferences between design goals and targets
in our teaching material. In the future, empirical studies utilizing
the categorization proposed in this study should be carried out: the
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categorization should help in articulating the design goals and targets better for the participating children. Moreover, we analyze in
this study only the design/making goal as an embedded assumption
in the methodological choices; more of similar kind of assumptions
and their efects could be analyzed in future studies. Finally, this
study focused on technology and STEM education of children. Future studies are needed on children’s actual learning processes and
outcomes
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