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ABSTRACT
Nurturing children’s competences needed for their digital futures
and inviting them to adopt a protagonist role within design pro-
cess have recently been emphasized in child-computer interaction
research. For children to be able to act as design protagonists, they
need design capital. We carried out a project with 13-14-year-olds
and inquired under what circumstances the situated design capital
of children emerged, enabling them to act as design protagonists
without us deliberately steering them towards that. By employing
the theoretical lens of nexus analysis, several factors were discov-
ered that mediated children to utilize their situated design capital,
including distributed agency, positive peer pressure, peer learning,
and identity positioning. The findings imply that children’s situ-
ated capital emanates from interactional phenomena, within which
historical trajectories of the place, children, discourses, ideas, and
objects intermingle.

CCS CONCEPTS
• Human-centered computing; • Human computer interac-
tion (HCI); • Empirical studies in HCI;
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1 INTRODUCTION
Child-Computer Interaction (CCI) has for long emphasized empow-
erment of children in and through design. The research community
has identified roles for children to adopt in the design process and
methods that enable children to design in meaningful and inspir-
ing ways. During recent years, CCI research has placed increasing
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emphasis on children’s ability to have a voice and a say in the
design process and in technology development more generally, cul-
minating in the identification of a protagonist role [44]. In this role,
children drive technology development and critically reflect on
technology and its trajectories in their everyday life and in society.
Studies have since examined this role [36, 55, 69, 87, 97], showing
also challenges involved in adopting the role [36, 50]; prior research
has revealed that it is by no means obvious or easy for children to
adopt this role.

The current study examines the engagement of children in de-
sign, along which some of them showed design protagonist charac-
teristics as well as inspired other children’s design performances.
Through examining this design process, we contribute to the CCI
literature on the adoption of the protagonist role, particularly by
shedding light on the resources children draw on in design in situ.
These resources constitute part of children’s design capital. We fol-
low Kanafi et al. [50] in dividing design capital into two facets: the
competences children already have and bring into design process,
and the competences related to “managing and mastering digital-
ization” that need to be developed in children [50]. Particularly we
focus on the former: on resources children have and bring into the
design process. For addressing use of such resources, we introduce
the term situated design capital for CCI research, inspired by the
work by Lave and Wenger [62] and Scollon and Scollon [95]. Lave
and Wenger introduced the notion of “situated learning” where
they adopt a constructive perspective on sociocultural learning,
highlighting that knowledge is leveraged within a specific context,
stating that “even so-called general knowledge only has power in
specific circumstances” [62]. Scollon and Scollon [95], along these
lines, advocate a situated perspective on social action, emphasiz-
ing avoidance of “uprooting words and actions from the historical
bodies of the individuals performing them, or disconnecting the
discourses and actions from the sociocultural context of their for-
mation and realization, or ignoring the history of these actions and
discourses for the individual and in the situation” [96].

As our research question, we ask: what kind of circumstances ac-
tivate and mediate children’s situated design capital? To understand
this, we carried out a “My Superhero” project with 21 children aged
13-14 with the underlying aim of supporting their agency and giv-
ing them a voice in the design process. We did not steer the children
actively towards a design protagonist role in the project; instead, we
examined how children’s situated design capital emerged naturally.
As our theoretical lens, we used nexus analysis [95].
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2 RELATEDWORK
Over recent decades, enabling children’s voices to be heard in tech-
nology design process has drawn attention within diverse disci-
plines (e.g., [13, 53, 85, 106]), including Human-Computer Interac-
tion (HCI) and more specifically Child-Computer Interaction (CCI),
which has particularly paid attention to that and still considers it
as a well-grounded topic for the future CCI research [29]. Already
in 2002, Druin [22] presented a model where children’s roles in the
design process were expanded from users of technology towards
more powerful ones: a tester, an informant, and a design partner
[22]. Since that, CCI researchers have brought forth various views
on what nuances children’s role in the design process can contain.
For example, Barendregt et al. [7] present a Role Definition Ma-
trix indicating how children’s roles can vary in different phases of
the design process, Kinnula et al. [56] explore the roles children
themselves adopt in the design process, Large et al. [61] introduce
a Bonded Design method covering a variety of the participants
and employ it in the design process, and Doorn et al. [21] worked
together with children while inviting children to embrace the role
of a co-researcher. Recently, the design protagonist role was intro-
duced by Iversen et al. [44], where children are put at the center
of the design process, expressing their voice, and participating in
solving real-world design problems. Compared to other roles, the
protagonist role introduces novel aspects in terms of its objectives,
process, and outcomes: it underscores child empowerment in the
process of technology development as well as children’s critical re-
flection on it. Besides, the protagonist role aims at children making
more informed decisions concerning technology in their lives and
at developing children’s agency [44].

Along these lines, a growing body of CCI literature studies chil-
dren’s empowerment regarding design and making, stimulated by
the political participatory design [36, 44, 55, 56, 90, 92, 97], and
calls for ‘computational empowerment’ of children [20, 45] that
closely aligns with the protagonist notion. Following the intro-
duction of the protagonist role, diverse studies have already been
carried out to invite children to adopt a design protagonist role
within technology design process [36, 37, 45, 87, 102]. These stud-
ies have highlighted, among other issues, the importance of digital
design literacy for children’s agency and empowerment, facilitating
the adoption of the protagonist role [69]. Similarly, a recent study
coins “design capital” as an ‘umbrella concept’ that covers various
competences concerning the design protagonist role, including de-
sign competences that are already situated in children (e.g., funds
of knowledge, funds of identity, social and cultural capital, etc.)
and design competences that need to be developed in children (e.g.,
computational thinking, design thinking, design literacy, making
literacy, etc.)[50]. Our focus is particularly on the design compe-
tences that children already possess: what they entail, and how
they emerge and become drawn on in design, contributing to the
protagonist role adoption. So far, the CCI literature is limited in
thoroughly empirically examining these design competences as
well as in specifying under what kind of circumstances children’s
situated design capital is activated and mediated. Overall, there
is a need to inspect under what circumstances children’s situated
design capital becomes uncovered and flourishes in design, leading

towards protagonist role adoption, and why inviting children to
adopt this role is challenging [36, 50].

The CCI literature has already addressed design capital situ-
ated in children through concepts such as funds of knowledge,
funds of identity, social and cultural capital, and historical body
and interaction order [50]. The studies point out the importance
of children’s existing knowledge, skills, and competences on one
hand, and their social networks, interactions, and relationships
on the other hand. Regarding the knowledge, skills and compe-
tences, the literature has pointed out that design activities should
be built on children’s ‘funds of knowledge’ [11] as well as leverage
those, i.e., children’s existing knowledge and competences [17].
Besides, children’s informal and unconventional scientific funds
of knowledge should be integrated with formal scientific funds of
knowledge at school [70, 71] and children should be guided through
activities built from their tacit knowledge [63]. It is also in accor-
dance with the asset-based approach that capitalizes on the existing
resources and strengths rather than lacks and needs in the commu-
nities [14, 42, 51, 57, 81, 105]. Funds of identity, a related concept, is
also seen as a resource for children in design [58]. Historical body
and cultural capital concepts have also been used to direct atten-
tion to children’s existing knowledge, experiences, values, beliefs,
and attitudes as resources in design [37, 59, 67], similarly to the
concept of cultural forms [34, 35]. Although providing valuable
insights, the studies are limited in examining in detail how and
in what circumstances such capital, already situated in children,
becomes a resource in design in situ. This is where this study aims
to contribute.

Regarding children’s social networks, interactions and relation-
ships, social capital and interaction order concepts have been
used to indicate the relevance of existing networks, relationships
and associated skills and competences for children’s design activi-
ties, showing how other people are shaping what is taking place
[37, 59, 105]. The CCI literature has acknowledged the role of partic-
ipants’ interactions not only among children but among all actors
who have roles in design projects. As for peer interaction, children
deepen their understanding and enhance their learning experiences
through group work while sharing ideas, discussing and collaborat-
ing [16–19, 27, 32, 36, 45, 49, 52, 56, 60, 66, 68, 79, 80, 86, 91, 99, 100].
Children aremore creative when engaging in a collaborative creativ-
ity challenge [15, 49, 80, 98]. Also, when children share their results
with their peers, there are reports that children declare a sense of
achievement, and their motivation increases [1, 28, 33, 47, 98, 100].
Furthermore, the role of adults, particularly teachers, in scaffold-
ing children’s learning in design activities has been addressed
[1, 6, 16, 27, 28, 39, 45, 49, 79, 98, 100, 103–48]. Besides, parents’
engagement has been argued to provide support, motivation, and
emotional security in design activities [17, 48, 54, 74, 89, 91]. Fur-
thermore, researchers are seen to contribute to the sessions through
facilitation and assistance [1, 8, 17, 47, 48, 99]. Hence, interactional
phenomena have been widely studied in CCI, while we offer novel
insights through a situated examination of how they act as resources
in design in the sense of situated design capital as well as facilitate
the activation of design capital children already possess: how and
in what sense such interactional phenomena become relevant and
a resource in design in situ. Nexus analysis offers us a theoretical
lens for this situated approach [95].
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3 NEXUS ANALYSIS – A SITUATED
PERSPECTIVE FOR CHILDREN’S DESIGN
CAPITAL

Nexus analysis is a multidisciplinary research framework intercon-
nected with practice and activity theories, anthropology, linguistics,
discourse analytic studies, and interactional sociolinguistics [95, 96].
In nexus analysis, the core concept is social action that is placed
at the intersection of three concepts: historical body of the social
actors, interaction order among them, and discourses in place, re-
flecting on “the mapping of semiotic cycles of people, discourses,
places, and mediational means involved in the social action we
are studying” [95]. The concept of historical body, introduced by
Nishida [76] akin to Bourdieu’s [9] habitus concept, underlies the
embodied elements of an individual’s experiences. Historical body
implies the “compost heap of social practices” [94] or a person’s
accumulated experiences, beliefs, understanding, knowledge, and
history with social practices. In other words, people may perform
the same role in varied ways depending on their historical experi-
ences [95]. Coined by Goffman [31], the interaction order concept
addresses the phenomenon that people may act differently deter-
mined by the social context they interact within. In nexus analysis,
the concept of interaction order emphasizes the network and inter-
action among the social actors in the social circumstances under
the study, although interaction does not need to happen within a
group of people. The concept of discourses calls “to study empir-
ically which discourses are relevant or foregrounded and which
discourses are irrelevant or backgrounded for the social action(s) in
which we are interested” as discourses are always appearing in situ
[95]. Furthermore, the concept of discourses in place emphasizes
that an “interaction is accomplished at some real, material place in
the world” [95].

Nexus analysis is particularly valuable for this study as it advo-
cates the situated perspective to any social action: it invites into
a detailed examination of what is happening in situ. It guides us
to see all social action as embedded, situated in its context, where
the context covers all the above as well as the related historical
trajectories meeting in the social action. In this study, we consid-
ered “technology design” as the social action and children as the
main social actors. Nexus analysis guides to appreciate the richness
and complexity of this social action. The nexus analysis lens has
already been employed in computing-related studies such as CCI
and HCI (e.g. [38, 73, 77]), the prior studies already showing the
value of nexus analytic lens for CCI research.

4 RESEARCH DESIGN
The “My Superhero” project was conducted in a school setting
as a part of an information and communication technology (ICT)
course with 7th graders (13-14-year-olds). The underlying goal
of the project was the children to learn about technology design
process, addressing a problem of societal and personal relevance.
Hence, the project was contributing to children’s technology edu-
cation while also encouraging them to tackle real-world societal
problems through design and technology. We selected a specific
real-life problem of bullying that we know children encounter in
their everyday lives and gave children a voice and empowered them
to tackle that problem. We loosely followed the design process of

Ventä-Olkkonen and colleagues [104] the children were sensitized
to the topic after which they envisioned a solution, evaluated the
solution, and reflected on the outcomes [25]. We aimed at inquir-
ing under what circumstances children’s situated design capital
emerges and they act as design protagonists, without us intention-
ally steering children towards that role. The “My Superhero” project
was conducted in four 45-minutes sessions in an ICT classroom. 21
children, an ICT teacher, and two researchers participated in the
project.

4.1 Data Collection
Drawing on Scollon and Scollon’s field guide [95], to navigate
the nexus of practice, data was collected with various methods: a
background survey, a booklet, a reflection paper, video recordings
from the four sessions, children’s presentations of their design
outcomes, an interview with the teacher, observation, and field
notes of one of the researchers. The most relevant data to the
current study consists of the written materials (21 survey responses,
20 booklets, and 15 reflection papers) and the video data. Table 1
presents the data collection of this study.

The first two sessions sensitized children to the topic and en-
gaged them in early ideation. In the first session, the researchers
introduced themselves as well as the project to the children. To
introduce the main aim of the project and prepare the children
for the design and prototyping sessions, two short videos were
presented; one about bullying at school and another one about dig-
ital technology solutions against bullying. In addition, we inquired
about children’s historical bodies to understand what kind of skills
and competences children already had and to see whether there
were any gaps regarding children’s background concerning the
design activities. Thus, this phase consisted of individual activities
for children. First, the children were asked to answer a 15-minute
survey concerning their background and previous experience in
design and making. Following that, they were asked to complete
a booklet prepared by the researchers. The main purpose of the
booklet was to allow children to contemplate the role of the design
protagonist. We applied the child-persona technique [2] for design-
ing the booklet, as prior studies have pointed out that child-created
personas authorize children to engage actively [2, 3, 43, 75]. In the
booklet, the children were asked to envision and draw a superhero,
who is competent in designing digital technologies to help children
to prevent or stop bullying at school, and describe the required char-
acteristics, skills, and competences of this superhero. Next, children
were asked to draw a comic strip in their booklets to show their
superheroes how the problem of bullying might occur at school.
Finally, we asked the children on behalf of their superheroes to
design and draw digital technology in their booklets to help chil-
dren to solve the problem of bullying at school. The booklets were
completed by the end of session two.

In sessions three and four, the children were invited to partici-
pate in design and prototyping. We wanted to support children’s
agency and allowed them to decide whether they worked in groups
or individually. The main goal was to investigate how, without
us intentionally steering them, the children act during the design
and prototyping sessions and possibly lead the design process. Di-
verse materials were provided for this phase consisting of Lego,
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Table 1: The data collection process of “My Superhero” project

Session Main activities Collected data

1 Introduction of the project (slides, videos)
Completing background surveys
Filling in My Superhero booklets

Completed background surveys

2 Completing My Superhero booklets Completed My Superhero booklets
3 Starting the design and prototyping activities Pictures and short videos of the designs and prototypes
4 Finalizing the design and prototyping activities

Presenting the prototypes to the researchers
Homework: Reflection on the activity

Videos of the (informal) presentations

Reflection diary

Figure 1: Methodology of the study

Lego WeDo 0.2, tablets, e-Textile kit, Lily pads, felt, cardboard, etc.
Besides, laptops were already accessible in the ICT class for each
student and children were allowed to use their personal mobile
phones. We allowed children to select their materials for prototyp-
ing their design ideas, using either the ideas from their booklets
or a new one, with the aim of designing digital technology for
solving bullying. At the end of session four, 9 different prototypes
were completed by the children, and they presented their design
solutions to the researchers. Finally, in the last session, the children
were given a reflection paper for homework, consisting of ten ques-
tions that encouraged critical reflection on the project. The papers
were collected from the children a week later.

4.2 Data Analysis
To efficiently operationalize the goals of this study, it become es-
sential to gain an in-depth understanding of what was happening
during the technology design process, hence we employed the
nexus analysis lens [95] intertwined with thematic analysis [10].
The methodology of this study is visualized in Figure 1 demon-
strating how nexus analysis and thematic analysis were mutually
utilized to achieve a profound understanding of data.

Primarily, to organize the data from the surveys, booklets, re-
flection papers and transcriptions of children’s presentations, we

employed tables and NVivo for coding and developing themes for
the thematic analysis [10] of our data. Further, we explored the
video recordings to investigate the actual work of children dur-
ing the design and prototyping sessions. Drawing on Scollon and
Scollon’s fieldguide [95], the semiotic cycles of participants were
mapped. We scrutinized 1) the histories and historical body of
the children within the social action: for instance, how habitual or
innovative the action-practice seems to be; how intentional (agen-
tive) or accidental the action-practice seems to be; when and where
the last prior ‘like’ action is; what possible links between the par-
ticipants, the action, and the type of place there are; and what
emotional valence or emotional impact on the participants there
seems to be and 2) children’s interaction orders during the so-
cial action: e.g., children’s dialogues and chats with researchers,
teacher, and each other; and 3) discourses in place: e.g., overt
discourses, internalized as practice, cultural tools or mediational
means; how customary or unusual the place is for this action; what
the historical trajectory of this place is; and what ‘place’ affords or
is lacking for this social action, and 4) the history of interaction
orders andmediational means, e.g., of any tool children employ
for performing their actions such as language, technology, etc. Our
analysis, in line with nexus analysis, was heavily data driven: of
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Figure 2: Bullying scenarios drawn by children

Table 2: The bullying problem from children’s perspective

Type of bullying Number Examples

Verbal bullying 10 Funny comments on others appearance (e.g., you are too tall, too short, ugly, etc.)
Physical bullying 6 Pushing, shoving, kicking, punching, fist fighting
Cyber bullying 3 Sending mean messages on social media, pranking cellphones, etc.
Social bullying 2 To be ignored, intimidated, and excluded from a group (e.g., being judged due to having a

different gender identity

all the possible foci, the analysis scrutinized those aspects that be-
came forefronted in the social action in situ. The emerging results
were discussed among the researchers to formulate well-grounded
findings. Overall, the analysis was focused on what activated and
mediated the emergence of design capital and the design protag-
onist characteristics (agency, competences, skills, and reflection
related to technology, (see [36, 44]) in children in situ, but not ex-
amining closer the actual protagonist characteristics manifested in
the social action.

5 EMPRICAL FINDINGS
Next, the findings of this study are presented. First, the main phases
of the design process and their outcomes are presented, after which
we discuss in detail how the situated design capital emerged in the
design process.

5.1 Sensitize with the Problem - Analysis of the
Bullying Problem from Children’s
Perspectives

Bullying is a violent problem concerning children that has already
been addressed in CCI research (for a review, see [41]). In pursuance
of problem definition, in the first session of the project, we identified
and clarified the scope of the problem to the children by presenting
a short video concerning how this problem may occur at schools.
Furthermore, in the booklets, children were asked to scrutinize the
bullying problem by telling a story and drawing a comic strip to
show their superheroes how bullying may occur at school. Through
analysis of the booklets, we received 21 different bullying scenarios
drawn or explained by children (for example, Figure 2).

We categorized the scenarios into four types of bullying: verbal
bullying, physical bullying, social bullying, and cyberbullying (Ta-
ble 2). To seek a deep understanding of the problem and to generate
requirements for the design, we presented another video on various
technology designs for solving the bullying problem at school. In
this step, together with children, we discussed what has been done
in the past and what the solutions were. Next, we introduced di-
verse materials they might use during this project for prototyping
(i.e., Lego, Lego WeDo 0.2, tablets, laptops, e-Textile kit, Lily pads,
felt, cardboard, etc.). In this step, overall, children were invited to
reflect on the problem they are addressing as well as to consider
the objectives and aspects on how to solve the problem.

5.2 Create Design Solutions – Children’s
Design and Prototyping for Preventing
Bullying

During the two prototyping sessions, we were interested to see
what was happening and how children mobilized their situated
design capital to attain the goals and solve the problem. Children
provided some solutions by the means of technology design in
relation to bullying scenarios they had drawn in their booklets.
We received 9 different prototypes (Figure 3) from children with
varied solutions for solving the problems. Six teams were formed
and six prototypes were designed by them (Fig 3 A, B, C, D, E, F).
Two children worked individually (Fig 3 G , H) while one of them
designed two prototypes: an application and digital tokens in Fig 3
H.

The children designed and developed prototypes using a variety
of technologies and artefacts; from posters and low-fi robots, to
programmable Legos and games programmed in Unity. Technical
skills and social awareness of the children were exemplary, showing
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Figure 3: Children’s solutions for solving bullying problems

design protagonist characteristics. The prototypes included a Unity-
based game called ‘God is Watching’ (Fig 3 A) where the player
moved horizontally (back and forth) on a crowded platform to
stop people from randomly punching each other. If a person gets
punched, that is the player was not able to stop them in time, the
game ends with an angry flying spaghetti monster announcing “You
upset the Flying Spaghetti Monster and caused him to end reality.
It is all YOUR fault because you bullied, don’t bully”. The other
Unity-based game was ‘Scape the Bully’ (Fig 3 B) where the player
has to stop a bully from punching children by fighting the bully
using a sword and together with the children try to escape the bully.
Three robot prototypes were also designed and developed: ‘Therapy
bot’ (Fig 3 F), ‘Bot Bot’ (Fig 3 D), and ‘Fredrik’ (Fig 3 E). Therapy bot
is a portable robot that roams the schools to reach out to the bully
and the bullied by displaying positive messages and mediating the
conflict, encouraging the bully to engage in better interactions. ‘Bot
Bot’ has the same agenda, of preventing or addressing bullying, but
by imprisoning the bully in a jail located in the back of the robot.
‘Fredrik’, a programmable Lego WeDo 2.0 robot, identifies bullying
through its camera, reports their behaviour to teachers, and chases
the bullies away from the situation to stop bullying.

One group designed an app called ‘BIX’ (Fig 3 C) to raise aware-
ness about LGBTQI+ communities and topics including gender
fluidity and diverse sexualities and to enable acceptance and inclu-
sion of diverse students in schools and to reduce bullying against
them. Two other applications (see Fig 3 G and H) were designed
to report bullying and other experiences at schools and receive
help and support from other children or adults. Another interesting
design concept was the use of digital tokens to encourage friendly
behaviour in schools (Fig 3 H).

5.3 Evaluate the Solutions and Reflect on the
Outcomes

At the end of the project, the children were asked to critically re-
flect on the design process, re-evaluate the problem, evaluate their

design and prototyping processes, and try to find strengths and
weaknesses in their work. Several questions regarding the evalua-
tion of the design were asked in the reflection paper, for example,
“If you could do this project again, what would you do differently?
Why?” The findings indicate that the children had different perspec-
tives on their design processes. Most of the children’s evaluations
indicate reflective skills: they realized that their design processes
lacked appropriate planning and time management and if they
could iterate the design processes, they would concentrate more
on the planning. For example, Jonas stated: “I wish I could have a
better/clearer plan to start with during the project. Scrapped ideas
wasted a lot of time”. Similarly, Carlos sited: [I would like to do]
“better planning and preparing because it would help me to be more
efficient”. Moreover, not being detail-oriented during the design
process was mentioned by some children, they commented that
they would like to work on details of their design. For instance,
Sarah said: “I would show the app in more detail.” Furthermore, some
children realized that their product is not a safe idea for preventing
bullying and they need to reconsider it for the next possible project.
For instance, Mario from the Fredrick group mentioned: “I would
make a more safe approach to stop bullies, I don’t think that’s using
a chainsaw is very safe!”. However, some children mentioned that
their product was flawless, and they would not change or iterate it
anymore. For example, Simon wrote: “I would do nothing differently
because I think we did a good job”.

When we asked children to describe the learning outcomes of
the project in the reflection paper, they described a multitude of
skills and knowledge relevant to technology design process. The
learning outcomes of the “MY Superhero” project are visualized in
Figure 4 illustrating that coding/programming (N = 7), creativity
(N = 4), bullying prevention (N = 3) and design skills (N = 3) were
the most often mentioned learning outcomes of the project. Only
one participant mentioned that he learned nothing.
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Figure 4: Learning outcomes of the project from children’s perspectives

5.4 Factors Shaping Children’s Situated Design
Action

5.4.1 Shared histories and interaction orders shaping the situated
design action. To gain a deep understanding of how children could
creatively and self-directedly address the bullying problem through
design and prototyping (Figure 5), we scrutinized their design ac-
tivities through the nexus analytic lens. Nexus analysis calls for
mapping the cycles of the people, places, discourses, objects, and
concepts circulating around social action. In other words, “If we
think of an action as a moment in time and space in which the his-
torical bodies and the interaction order of people and the discourses
in place intersect, then each of these can be thought of as having a
history that leads into that moment and a future that leads away
from it in arcs of semiotic cycles of change and transformation”
[95]. We explored how these cycles of historical trajectories of place,
children, discourses, ideas, and objects intermingled together might
provide a scaffold for the emergence of children’s situated design
capital.

The findings from the background surveys indicate that as chil-
dren were classmates, they knew each other and had equal access
to the materials and equipment provided for them at school. Chil-
dren indicated they had related experiences with diverse materials
such as Lego, wood, clay, paper, puzzle-liked toys, yarn, thread,
playdough and laptops while engaging in diverse activities dur-
ing different courses such as ICT, crafts and math, showing that
children shared many historical body and interaction order related
experiences. Besides, shared experiences of digital technology use
were identified including Khan Academy, Scratch, YouTube, and
divers digital design tools (e.g., Canva, Photoshop, Paint 3D, Unity,
Visual Studio, Roblox Studio, etc.). All children had prior experience
in programming, electronics, robotics at school, and some of them
had experiences of engaging in FabLab workshops and working
with 3D printers and a laser cutter, culture of the school and the
Finnish curriculum supporting that. The analysis implies that the
action-practice (design activity), the mediational means (i.e., all the
objects used for design and prototyping) and the place (i.e., ICT
classroom) under this study have come into the historical body of
each participant and internalized as a “practice” [95], i.e., they can
be considered as part of children’s design capital.

5.4.2 Factors contributing to the activation of situated design capital.
Several mediating factors were identified that influenced the acti-
vation and use of children’s situated design capital and flourishing
of the protagonist mindset among children, including “distributed
agency”, “positive peer pressure”, “peer learning”, and “identity
positioning”, which we discuss next.

Distributed agency. According to Wertsch et al. [105], “agency
is individual(s)-operating-with-mediational-means” [105] which
"extends beyond the skin", implying that agency is not a property
of individuals in isolation; it distributes “by involvement of cultural
tools and mediational means” [105]. For example, digital tools can
distribute agency in a classroom [4]. We maintain that although
initially the project setting was formal and interaction order within
the class quite traditional, the project transformed into a reverse
panopticon interaction order where the agency was shifted from
teacher to children and became distributed in interactions among
children. First, the project was set as a panopticon event with the
traditional arrangement in the classroom (children sitting at their
desks facing the front). However, during the design and prototyping
sessions, we informed the children that they should work in groups,
and they are allowed to form their own groups with their friends.
Thus, they started to move within the class and changed their places.
Some of them preferred to do prototyping on the floor (Fig 5 C),
two groups found a sofa placed at the end of the class as a nice and
cozy place to chat and teamwork (Fig 6 C), while the rest of the chil-
dren preferred to do prototyping on their desks with their friends.
Children were chatting, discussing, brainstorming their ideas, and
even teaching each other (Fig 5 A). The children were allowed to
use their personal mobile phones and laptops were provided for
each student in the ICT class. Hence, the children started to browse
the internet, googling, and checking online coding platforms, etc. It
seemed that by the means of digital technology they took control of
the interaction order and their mediational tools for designing. The
teacher was interested in this change in the class and checked each
group, asked them some questions, and tried to understand what
was happening within each group. In this new informal learning
environment, overall, the agency became more equally distributed
in the interaction between children, and the degree of children’s
agency was increased while the teacher’s and researchers’ agency
was decreased [62]. A reverse panopticon interaction order emerged
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Figure 5: Children engaging in design and prototyping activities

which led children to utilize their situated design capital, in par-
ticular their prior experiences of digital technology use (such as
phones, laptops, and tablets), browsing and searching the internet,
sharing their experiences with their peers, and being inspired by
them to act creatively. Some children reflected on that as well in
their reflection papers; for instance, Emma1 stated: “we were able to
be creative. . .I loved the freedom to do whatever I want to do with my
ideas!”. Similarly, Ella mentioned: “I think the learning experience
was great, we got to work independently”. These quotes indicate
that without us intentionally making children utilize their situated
design capital, the children felt more creative and independent to
employ their situated design capital through the new atmosphere
in the classroom, created by the distributed agency. Overall, the
findings indicate that distributed agency within the design activity
resulted in inspiring children to utilize their situated design capital
and mediated them to act as design protagonists.

Positive peer-pressure. The importance of peer interaction,
relationships and groups on the developmental context of children
[88] has been addressed in prior studies [26, 40, 72, 101]. Our find-
ings indicate that positive peer pressure was one element that led
children to utilize their situated design capital. Already when filling
in their booklets, even though the children were doing it as an
individual task, positive peer pressure was foregrounded. Children
constantly considered and observed their peers’ drawings of the
superheroes and their digital design (solutions) and compared those
with their own drawings. Some of the children appreciated their
friends’ work, erased their own drawings, and tried to start from
scratch or tried to improve their drawing and design. Thereby, some
of the children asked us for more time to improve their work. We let
them work on their designs at home. Furthermore, our observations
from video recordings of the design and prototyping sessions indi-
cate a multitude of interaction orders intermingled with children’s
historical bodies, which children mutually generated among them-
selves [95]. The findings show that positive peer pressure among
children guided them to stop playing around and inspired them to
utilize their situated design capital. The data from video recordings

1 Children’s names have been changed due to anonymization purposes.

clearly show that some of the children took the initiative, immedi-
ately started to choose their materials and work on their ideas. They
directed their peers during the design and prototyping activities
as well. Interestingly, their peers got inspired by them and started
to actively contribute. As an example of positive peer pressure, we
refer to the group ‘God Is Watching’. Ivan from this group, without
considering the materials provided for this project, directly went to
the back of the class, chose the computer as the material to work
with and started to code and develop the game (Fig 6 A). Subse-
quently, his friends and another group ‘Scape the Bullies’ checked
his work, started to ask questions from him and got inspired to
utilize their coding skills for developing games as well (Fig 6 B and
C). This can be seen as related to ‘automatic actions’ of children:
“Automatic actions are likely to embed submerged discourses” as
they are not considered to be new or unpracticed actions [95]. Even
though laptops were not among the provided materials for chil-
dren, Ivan and the other children in the game developer groups
automatically took into use the laptops and the computer at the
ICT classroom. During the rest of design and prototyping sessions,
these two groups were constantly brainstorming, discussing, and
sharing their coding knowledge. They employed the Unity platform
as their mediational means to communicate and mutually interact.

Peer learning. According to Lave and Wenger [62], learning
happens within a context and prior studies have addressed that
peers should be considered as a resource as children learn from
each other [17, 30, 65, 82, 83]. Working as groups encourages peer
learning among children [40, 84]. The data analysis indicated the
role of peer learning in activating children’s situated design capital.
We found several ‘invisible discourses submerged in practice’, e.g.,
when one of the participants is ‘teaching’ a topic to any of the other
participants, it indicates that the discourses have been ‘submerged’
into their personal practice by a long habit [95], i.e., are part of their
capital. As an example, we refer to the ‘BIX’ group (Fig 5 A). In this
group, Sarah was calling attention to social bullying at school. She
was teaching other team members about LGBTQI+ communities
and how creating an app can increase children’s knowledge and
awareness of how children with different gender identities are
likely to be victimized at school. Sarah stated: “I noticed that a lot of
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Figure 6: Positive peer pressure among chilren during design activity

people even in our age lack knowledge about everything and I think
it is a pretty important topic and I thought maybe if we teach them
already at a young age to know. . . it’s ok to be different, so if they
just knew more, they would not bully those who do not fit to kind of
to a normative world.” In the reflection papers, children from the
BIX group mentioned they learned new skills and knowledge from
their peers in the group work. For instance, Julia wrote: “I learned
about different gender identities. . . LGBTQAI community and how
to prevent bullying. . . [I would like] to educate more people about
LGBTQAI rights and what it means.” In addition, Julia indicated
in her reflection paper that during the design activities she had a
chance to recover her skills as she wrote: “I learned and realized
the skills that I have used but forgotten.” Furthermore, children
from other groups mentioned diverse learning outcomes that they
had learned from their peers during the design activities including
communication skills, teamwork skills, coding skills, programming
robots, etc.

Identity positioning. According to Scollon “any action posi-
tions the social actor in relationship to others who are engaged in
the practice” [93]. Bucholtz and Hall [12] see identity as “the social
positioning of self and other” which “ is the product rather than
the source of linguistic and other semiotic practices and therefore
is a social and cultural rather than primarily internal psychologi-
cal phenomenon” [12]. Identity should be considered “in terms of
performance, as action” [5]. Esteban-Guitart and Moll [24] main-
tain that “identity refers to an internalized and externalized set of
meaning, practices, and distributed resources embedded in ways
of life and contexts for learning. In an important way, a person’s
self can be viewed as a dynamic organization of various resources,
socially, historically, and culturally created”. Our findings indicate
that identity positioning among children led them to utilize their
situated design capital. They were socially positioning themselves
both as individuals and as members of their groups in the class-
room. Similar to other interactional places, the ICT classroom was a
place for relational identity positioning for children which is in line
with prior research concerning the impact of design and making
on children’s identity making [17, 19, 39]. The data analysis of the
video recordings reveals the emergence of an unplanned and unin-
tentional phenomenon at the end of design and prototyping: the
children started to proudly show their products to the other groups

and it seemed a competition was occurring in the classroom. We
interpret this as identity positioning; children were performing and
constructing their identities through their designs and prototypes,
in other words, these semiotic resources were “identitized” [24] by
the children. As an example, Ella, the leader of the ‘Bot Bot’ group,
after finishing the prototype, stood up and proudly presented the
robot to the other groups. She stated in her booklets that “I am
perfect as I am!”: [like my superhero]. Likewise, the group ‘God
Is Watching’ after completing the game went to the next group,
the ‘Therapy Robot’, and expressed “what are you doing? We are
having a game here!” and showed their prototype to them. After
a short while, the team ‘Therapy Robot’ did the same action and
introduced the robot to the ‘God Is Watching’ group. We interpret
these examples as children ‘performing their identities’ as designers
(in our eyes, as design protagonists), when positioning their work
as something to be worthy of proudly showing to their peers.

6 DISCUSSION
This study was set to explore what kind of circumstances activate
and mediate children’s situated design capital. In our “My Super-
hero” project 13-14-year-olds designed and prototyped a digital
solution for preventing bullying. We utilized nexus analysis as our
theoretical lens to analyze their situated action, for making sense of
interactional phenomena acting as resources in design, particularly
from the perspective of the capital already situated in the children.
Previous CCI research has accumulated our understanding of vari-
ous forms of capital children can have [50] and argued they should
be leveraged in design activities [50] and used as a basis for design
[11]. We take a step further in this study and contribute by intro-
ducing the concept of situated design capital in relation to children
engaging in the design process. We also contribute by shedding
further light on the adoption of the protagonist role by children:
we discuss how situated design capital contributes to that.

We identified four central phenomena acting as resources and
facilitating the activation of other resources in design: distributed
agency, positive peer pressure, peer learning, and identity posi-
tioning. We separated them analytically for research purposes, but
in situ they are intertwined. Our findings indicate that distributed
agency (see [105]) within the design activity was a central resource
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inspiring the design process and the adoption of the design pro-
tagonist role. Distributed agency in the sense of reallocation and
sharing of power and initiative among the participants, reducing
those of the teacher and researchers, increasing those of the chil-
dren, generated a reverse panopticon interaction order in which
children relied on their situated design capital in various ways:
they drew on their prior experiences of digital technology, sharing
their experiences with their peers and being inspired by them to
act creatively. The children in our data utilized a variety of me-
diational means based on their own choice and historical body,
including the physical space they moved around, choosing the best
suited places for their work; digital and physical tools available
for them – personal mobile phones, laptops, pen and paper; and
interaction between the actors in the space – the teacher, the re-
searchers, and their peers. The concept of distributed agency draws
CCI researchers’ and designers’ attention to the intricate social
arrangements existing as well as emerging in classrooms. Small
encouragement for children to form their own groups, rearrange
the space, and take initiative in deciding on how to accomplish the
design task resulted in great changes within this micro-cosmos (see
[41]) that we consider as essential for the adoption of the design
protagonist role [44]. Arrangements of physical space have also
been previously brought up by CCI researchers as having an in-
fluence on social interaction in design activities [64, 78], and that
is something often relatively easy to make at least small changes
to. However, important is to note that distributed agency emerged
quite organically and naturally in our case. Even if CCI researchers
and designers may be tempted to intentionally aim at activating
distributed agency among the participants, sensitivity towards the
complex micro-cosmos is always needed: towards the various and
evolving configurations of interaction orders and historical bodies
among the participants and discourses circulating around (see also
[41]).

Positive peer pressure was also foregrounded in our data. The
importance of peer interaction, relationships, and groups [88] has
been addressed in prior studies [26, 40, 72, 101]. The children in
our data constantly interacted with their peers, observing others’
work, comparing their own work with that, and improving their
own work. Peer pressure also guided the children towards work-
ing more seriously, with some active children taking initiative and
starting the work, even guiding others, with the others getting
inspired. We maintain that children having strong characteristics
of design protagonists [44], already possessing a marked amount
of design capital, were essential for the emergence of this phenom-
enon: they inspired others to try harder and perform better. We see
this phenomenon as quite hard to preplan or intentionally facilitate,
however. It is heavily reliant on the children and the design capital
they possess, and the relationship and interactions within the group
of children.

We found several ‘invisible’ discourses – being internalized as
practice in the social action as they had become submerged in
practice [95] connected to and contributing to peer learning. In
line with Lave and Wenger [62], we approach learning as situated,
within a specific context, more inexperienced ones learning from
more experienced ones. Prior studies have pointed out that peers
should be considered as a resource as children learn from each
other [17, 30, 65, 82, 83] and that working as groups encourages

peer learning among children [40, 84]. In our data, we identified
cases where children possessing design protagonist characteristics
[44, 50], were educating and informing other children. For one
child, as an example, internalized subject knowledge and empathetic
understanding of the LGBTQIA community emerged in the design
session as a personal resource for design; the design task guided
their design towards potentially utilizing that resource, i.e., the
situation foregrounded this part of their design capital. But the
foregrounding of one particular person’s design capital acted also
as a seed for change for the other participants who learned new
things from their peer, and one of them even considered that she
wants to further use that knowledge beyond this particular project.
We consider peer learning an untapped design resource for CCI
projects with children. Such projects could place more emphasis on
inquiring and understanding design capital that children possess
and how that could be utilized as a resource in design as well as
used to inspire other children. Open discussion early on in the
projects related to the various kinds of interests and expertise of
the children involved may reveal some of that. However, we again
wish to highlight the emergent nature of situated design capital:
something what children know, do, and think may appear as a
valuable resource, but other potentially relevant aspectsmay remain
ignored.

The last interactional phenomenon uncovering children’s situ-
ated design capital was their identity positioning. As mentioned, we
view identity “in terms of performance, as action” [5], that “posi-
tions the social actor in relationship to others who are engaged in
the practice” [93]. The children in our study engaged, unprompted
by us, in competitive activities that we consider as identity position-
ing performances, positioning children in relation to others. The
children shared the results of their work with their peers, uncover-
ing in those their design capital, and were able to reflect on it and
their identity in relation to others. Similar to other interactional
places, the ICT classroom was a place for relational identity posi-
tioning for children, which is in line with prior research concerning
the impact of design and making on children’s identity making
[17, 19, 39]. The phenomenon of identity positioning may be very
valuable in strengthening children’s design capital in the sense of
creating a positive picture of their own and their groups’ design
skills and competences. Those children in the group, whose design
capital is not very high, can be proud of the group work result as
well. This phenomenon can also be linked with positive peer pres-
sure: some groups and children generated very advanced design
solutions of which they were proud, potentially inspiring also other
groups and individuals to strive for their best. For CCI researchers
and designers, valuable is to acknowledge the prevalence of this
phenomenon and to support children in building self-efficacy and
a positive picture of their abilities and contributions in the design
task. Here, competition might not be the right way to go; in our
case competition emerged unintentionally. We do not consider it
necessary to try to prevent its emergence, but we may want to try
to preserve a positive tone in these identity performances.

As the phenomena described above are highly dependent on the
actors – their historical bodies and existing relationships – and thus
out of our control, it is impossible to give definite guidelines for how
to utilize them. But from the situated design capital perspective it is
possible to try to create such conditions that mediate activation of
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the design capital: making a variety of tools, physical spaces, and
expertise available for the participants and allowing free movement
in the space; aiming for positive, relaxed, open atmosphere that
signals mutual respect between participants and makes sharing of
own work a positive experience; open reflection of participants’
strengths and how they can be put into best use within a group;
and shared reflections on the groups’ outcome and what groups
can learn from each other.

Our study has generated interesting implications for research
on children’s design skills and competences. We introduced the
concept of situated design capital, with which we underscore the
situated nature of design expertise, competences, and skills. Such
may or may not become relevant and drawn on in design. The
situated lens, instead of generating lists of skills and competences,
focuses on their use in situ. This perspective provides novel in-
sights for researchers using concepts such as funds of knowledge,
funds of identity, social and cultural capital, and historical body
and interaction order [50]. We can consider further how and in
which senses children’s ‘funds of knowledge’ and ‘funds of identity’
[11, 58, 70, 71, 105] as well as their social and cultural capital and
cultural forms [34, 35, 67] become drawn on in design in situ.

As to research on the design protagonist role [36, 37, 45, 87, 102],
we also offer new insights. If the aim is to help children to grow to
design protagonists there is a general need to help children to de-
velop their design capital, i.e., teach them various digital technology
design skills and competences. This is also where the excellence of
the extant CCI research lies, and design education is increasingly
integrated into children’s basic education; technology comprehen-
sion as a teaching subject in Danish schools as an example [102].
But it is also important to realize that any form of design education
– formal or informal/non-formal [23] – is only one part of children’s
lives and they most likely possess a variety of design capital from
other sources. It is essential that we gain further understanding of
what actualizes and mediates the emergence of the situated design
capital in children. This includes at least the following: how the
situated design capital emerges in the interaction with other actors
(e.g., in identity positioning) and builds on the historical body of all
actors, which become a shared resource between the actors (e.g., in
peer learning). We need to help children to uncover their existing
design capital by creating situations and circumstances that raise
reflection and facilitate its emergence (e.g., positive peer pressure,
distributed agency). However, we need to keep in mind that situated
design capital is always emergent and contextual: it depends on the
participants and their historical bodies and interactions existing
and evolving, which cannot be predetermined by researchers.

7 CONCLUSION
The most central mediators that steered children towards utilizing
their situated design capital in our data were distributed agency,
positive peer pressure, peer learning, and identity positioning. How-
ever, we expect that there can be numerous other factors activating
and mediating the emergence of the situated design capital as well,
and the ones we have found are just examples. By introducing a sit-
uated perspective to children’s design capital, this study contributes
particularly to studies nurturing design protagonism and to studies

exploring the role of children’s background and experiences dur-
ing design activities, using concepts such as social, cultural, and
science capital, funds of knowledge, funds of identity, and cultural
forms. Due to the COVID-19 pandemic restrictions, our access to
the school and children was limited and the project’s sessions were
restrained. We weren’t able to analyze the culture and norms of
the classroom and how they affected the situated design capital of
the children as the project took place within a limited timeframe.
That is an interesting topic for future research, similarly to studies
on the emergence and performance of children’s individual and
group identities – in this study we were able to offer only small
glimpses into children’s identity positionings. Another limitation
is that we did not analyse children’s designs in detail, which might
have given us more insights. Children’s motivation to engage in
design activities was also a limitation to this study, as some of the
children joyfully engaged in the tasks but some were not so mo-
tivated by them; nevertheless, as the project was conducted as a
part of the children’s ICT education, most of the children actively
participated in our project.

8 SELECTION AND PARTICIPATION OF
CHILDREN

The participants of this study were children aged 13-14 who were
studying at the international school of Oulu in Finland. The study
was part of the children’s formal education and thus their participa-
tion in the activities was mandatory for them. However, they had a
possibility to not consent to research and withdraw their consent at
any phase of the study. Prior to the project, we obtained permission
from the school as well as consent forms from both children and
their guardians. The consents forms included information about
the research focus, descriptions, its outcomes, and the research
materials to be collected in the project including text, drawings,
photographs, audio, and video. The project followed the Ethics
Guidelines of the Finnish National Agency for Research Integrity.
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