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ABSTRACT 
Physical space and materials we work with, as well as people we 
interact with afect the design and making processes. These as-
pects in relation to 3D designing in alignment with 3D printing 
need considerable exploration within Child-Computer interaction 
(CCI) research community. We conducted our case study by collect-
ing 9-full-day-observation and interview data and examining 3D 
modeling and 3D printing activities, as work duties of 15-17-years-
old summer trainees organized at the university. We identifed, 
inspired by nexus analysis, diferent discourses circulating around 
these activities of novice young people and how the discourses are 
intermingled with the space, the materials, and the task at hand 
in complex ways, constructing and shaping the experience of the 
young participants. In our research and design implications, by 
signifying the impact of the people, challenges, tasks, spaces and 
tools, we provide recommendations for maintaining children’s en-
gagement in digital fabrication, signifcantly 3D designing and 3D 
printing, activities. 

CCS CONCEPTS 
• Human-centered computing; • Human computer interac-
tion (HCI); • Empirical studies in HCI; 

KEYWORDS 
Children, Teenager, Technology, 3D modeling/designing, 3D print-
ing, FabLab, Maker space, Making, Digital fabrication, Nexus anal-
ysis, Discourse analysis, Qualitative study, Empirical fnding 

ACM Reference Format: 
Behnaz Norouzi, Marianne Kinnula, and Netta Iivari. 2021. Making Sense of 
3D Modelling and 3D Printing Activities of Young People: A Nexus Analytic 
Inquiry. In CHI Conference on Human Factors in Computing Systems (CHI 
’21), May 08–13, 2021, Yokohama, Japan. ACM, New York, NY, USA, 16 pages. 
https://doi.org/10.1145/3411764.3445139 

Permission to make digital or hard copies of part or all of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for proft or commercial advantage and that copies bear this notice and the full citation 
on the frst page. Copyrights for third-party components of this work must be honored. 
For all other uses, contact the owner/author(s). 
CHI ’21, May 08–13, 2021, Yokohama, Japan 
© 2021 Copyright held by the owner/author(s). 
ACM ISBN 978-1-4503-8096-6/21/05. 
https://doi.org/10.1145/3411764.3445139 

1 INTRODUCTION 
There is a wide agreement that teaching digital fabrication and 
making skills to children and young people is useful for them. A 

large number of attempts to teach these skills have been identifed 
not only during children’s leisure time (see [68]), but also within 
the K-12 curriculum (see e.g., [12]), and even as integrated activ-
ities in K-12 curriculum in some countries either ofcially or in 
practice (see e.g., [53, 88, 89]). A large research base exists on the 
topic, spanning multiple disciplines and research felds. Our focus 
is particularly on 3D modelling and 3D printing activities, which 
form a common subset of digital fabrication process introduced to 
children. With digital fabrication we refer to “a design and manu-
facturing workfow where digital data directly drives manufacturing 
equipment to form various part geometries. This data most often 
comes from CAD (computer-aided design), which is then transferred 
to CAM (computer-aided manufacturing) software. The output of 
CAM software is data that directs a specifc machine, like a 3D printer 
or CNC milling machine.” [16]. Making is associated with fnding 
resonance not only with material but also with people [82] where 
“Do it yourself ” (DIY) is a cultural movement [48], which empowers 
people to productively and tangibly engage in the world [27]. 

Signifcance of 3D modeling and 3D printing has already been 
acknowledged within Human Computer Interaction (HCI) research 
(see e.g., [4, 20, 28–31, 93]) as well as in connection to a diver-
sity of research topics, such as: the potentials of using 3D print-
ers as well as other fabrication devices in the home [81]; self-
employment opportunities for adults with intellectual disabili-
ties [11]; fostering an understanding of social and civic respon-
sibilities and human rights via E-making 3D printing [57]; learn-
ing about sustainability [57]; and the role of libraries as lawmak-
ers for 3D printing activities [92]. Our study focuses specifcally 
on young people, who as a participant group has been exten-
sively involved in Child-Computer Interaction (CCI) research. 3D 
modeling and 3D printing have already been recognized as im-
portant topics of study in relation to young people as well (e.g., 
[4, 10, 11, 17, 20, 22, 28, 31, 32, 41, 43, 49, 51, 54, 56, 63, 66, 75, 85, 93]). 

Despite the wide-ranging interest, there still remains a number 
of research gaps and limitations in the existing research. There are 
calls for more research on understanding children’s (self-directed) 
interactions with digital fabrication technologies [29, 70]; more 
intuitive interfaces [70]; how 3D printing should be developed as 
a technology which is powerful, rich and challenging [18]; how 
to leverage 3D printing to beneft the arena of special education 
[10]; how to accommodate the 3D modeling platforms for the use 
of novice learners [85]; socio-technical problems in 3D printing 
[84]; explicit realities about 3D printing challenges [64]; and how to 
introduce the complexities of 3D printing process to young people 
[3]. This study responds to these calls for research by extending our 
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understanding of young people’s experiences of and engagement 
in 3D modelling and 3D printing– we focus on the complex socio-
technical setting involved and inquire the infuence of the physical 
space and task at hand on the resulting experience. The signifcance 
of the material environment in combination with interactions with 
other participants needs to be realized and addressed stronger in 
the CCI research. 

Thus, in this paper we aim to ‘make sense of what happens in the 
digital fabrication process when young people engage in 3D designing 
and 3D printing activities, and how the physical environment and the 
given task afect their interactions and engagement’. We examine this 
through a case study on a summer trainee program organized at 
the university involving teenagers within the ages of 15 to 17 years 
old. Teenagers are a participant group that has already aroused 
CCI researchers’ interest (see e.g., [39, 71, 72]); it is indicated that 
they are in many respects a diferent participant group to younger 
children. We extend this literature by analyzing a case in which the 
teenagers are involved in summer job; hence, moving towards the 
adult world, and at the same time getting familiarized with digital 
fabrication and making. In the analysis, we apply the theoretical 
lens of nexus analysis (e.g., [78]), which is a suitable lens for making 
sense of the complex topics involving constellations of people, tools, 
materials and spaces, with discourses circulating around (see e.g., 
[33, 34]). 

2 RELATED RESEARCH 

2.1 CCI Research on 3D Modelling and 3D 
Printing 

CCI research, which gets inspiration from multiple research dis-
ciplines while mainly from HCI [73], has already been interested 
in how to introduce and integrate 3D modelling and 3D printing 
into children’s everyday lives and practices; studies have been con-
ducted in the both informal and formal learning settings (see e.g., 
[12, 13, 38, 68, 83, 87]). In many CCI studies, 3D modelling and 
3D printing activities have been integrated into a broader design 
process containing diferent kinds of digital fabrication and making 
activities among other activities, while some of the studies focus 
more specifcally on 3D designing and printing. To give some exam-
ples, Iversen and colleagues (e.g., [38, 83]) have developed a model 
for integrating digital fabrication and making in the educational 
context that contains six phases: design brief, feld study, ideation, 
fabrication, argumentation and refection [38]. Bekker et al. [1] have 
created a framework called refective design-based learning (RDBL) 
inspired by Gomez et al. [26] design-based learning model that 
includes digital fabrication and making activities as well. Chu and 
colleagues (e.g., [12]) have experimented with curriculum-aligned 
making in the context of school. 

Although providing valuable insights, these studies do not focus 
specifcally on 3D modelling and 3D printing activities of children. 
Some studies specifc on these activities can also be found. A fve 
step Casual Makers’ 3D Printing Workfows has been proposed: 
1. Plan the 3D Object, 2. Step 2A: Create a 3D Model; Step 2B: 
Download a 3D Model, 3. Set up the Printer, 4. Verify the Model, 
5. Print the Model [30]. The model has been relied on in studies 
analysing 3D modelling and 3D printing activities of children [3]. 

In addition to identifying guidelines, CCI researchers have been 
interested in topics in relation to 3D modeling and 3D printing such 
as the development of child-friendly tools [4, 20, 32, 85], software 
[49, 51], toolkits [43], programming language [41, 93] and even 
new 3D printing materials for children [31]; cultivating learning for 
children with disabilities [43]; the importance of prototyping in the 
design process [17, 22, 54, 56, 63]; children’s confdence enhance-
ment with regards to handling tool-use [22] and learning about 
modeling and printing [11]; and establishing children’s interest in 
the realm of education in Science, Technology, Engineering, and 
Mathematics [10, 28, 66, 75]. 

CCI research has already recognized also many challenges 
regarding 3D modelling and 3D printing by children. It has 
been reported that screen-based 3D modeling, meaning, learning 
about three dimensions via a two-dimensional screen, is difcult 
[20, 51, 70]. Specifying and producing a 3D form which is suitable 
for 3D printing is challenging [30, 51]. Some tools and concepts in 
3D modeling software are either difcult to understand [51] and 
learn [43], or do not fulfl the expectations of children [70]. 3D 
modeling software also lacks collaboration features [60]. In general, 
getting started with 3D modeling software is challenging [49], espe-
cially when it comes to independent learning [29], and children also 
encounter difculties already at the initial stage of brainstorming 
what to print [3]. 

Regarding 3D printing itself, it has been reported that there is not 
enough appropriate support including accessible feedback for the 
consumers of 3D printing technology compared to the other tech-
nologies [10]. There are some user experience and usability issues 
including lack of collaboration features with the current 3D printers 
[84]. Moreover, the current 3D printers are relatively slow [11], and 
3D printing is laborious which could lead to disappointment and 
frustration [63]. There might also be mismatching expectations of 
the output in relation to the design idea [3, 30]. Understanding the 
efect of the model geometry as well as of the print setting on the 
output may be difcult [30]. User interfaces of the 3D printers are 
not general and lack reusable values [41]. It does not help that not 
all the 3D printer operators are trained experts in the domain and 
able to subtly help children [30]. Evidently, there is a need to study 
further the topic of 3D modelling and 3D printing with children. 
This study particularly aims to ofer new understandings of the 
complex socio-technical setting involved and inquire the infuence 
of the physical space and task at hand on the resulting experience. 

2.2 Design Process 
3D modeling and printing can be considered as parts of the creative 
design process. From our study point of view, particularly inter-
esting element of creative design process emerging from our data 
was the situated action and the material aspects involved. Mate-
riality of the design process has been understood for a long time; 
Schön [77], for example, calls design “a refective conversation with 
the materials in the situation” (see also [76]). Material objects also 
provide “border resources for interaction” (see also [8, 40, 80]) for 
collaboration in cooperative design; Vyas et al. [91] even stress that 
“material collaboration” is critical for it. 

But, the material at hand is not the only factor that afect the 
process: for Le Dantec [14], design process is not only situated in 
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a particular time and place but also in a cultural context (see also 
[7]). Peschl and Fundneider [69] continue with the same line from 
the innovation perspective, arguing that “innovation is not only 
a cognitive activity taking place inside the brain, but it is intrinsi-
cally coupled with the environment.” They suggest the concept of 
an Enabling Space, where “architectural/physical, social, cognitive, 
technological, epistemological, cultural, intellectual, emotional and 
other factors are considered and integrated, aiming to support inno-
vation activities.” Moultrie et al. [61], on their part, argue that the 
physical space should support both the “process of creation” as well 
as the “process of use,” i.e., the space helps the users of the space in 
their intended creative activities, whatever they are, and provides 
the needed resources for the process, taking into account diferent 
users of the space. Thoring et al. [86] complement this by provid-
ing a typology of design spaces, where they distinguish between 
personal space, collaboration space, space for giving presentations, 
space for actual practical work, and spaces that are not originally 
intended for design work but provide a possibility for breaks of 
the work. Moultrie et al. [61] stress that when designing a creative 
space, it is important to consider what the intended use is and how 
that use can be supported in practice. As an example, they discuss 
fexible workspaces to improve team communication or physical 
or visual sources for inspiring design ideas. Finally, Magadley and 
Birdi [58] identify as signifcant to the creative process a separate 
time and place reserved for the process, technology to facilitate 
the process, and fnally, human facilitation for the creative process, 
with which they refer to facilitation of group work, discussions, and 
keeping up the spirit, in line with Kristensen [46], who discusses 
scafolding the creative process. 

Materiality has been underscored in connection to making in 
CCI research. Making involves creation of material things and en-
gagement with material objects, which are reported to engage and 
entertain children and facilitate the design and making process in 
many ways [37]. As to the creative spaces, the literature reports that 
design and making activities happen both in the educational con-
texts and in the out-of-the-school settings, including e.g., libraries, 
museums, youth centers, computer clubs, FabLabs, and universities 
[1, 3, 5, 13, 19, 42, 50, 55, 68, 70, 83]. Home use of 3D printers is also 
becoming more common [60]. However, CCI research is limited in 
examining exhaustively how the diferent spaces shape and afect 
the digital fabrication activities and experiences. One study has 
highlighted the infuence of resources available in the space; they 
aford and constrain interactions among people and the outcomes 
of making [55]. 

Creative space itself has interested CCI researchers. Makhaeva et 
al. [59], inspired by Peschel and Fundneider’s concept of enabling 
spaces [69], have developed a concept of “Handlungsspielraum,” to 
be used for systematic exploration of design collaboration from 
theoretical perspective as well as practically helping to support in 
planning, conducting, and refecting on the creative design collabo-
ration. In Handlungsspielraum, creative freedom is combined with 
methodological structures from social, physical and mental perspec-
tives. Lee et al. [52] hypothesize that a careful physical design and 
layout of the space in a library can invite participation in the ofered 
activities. They argue that we should consider “how people naturally 
arrange themselves physically into groups,” as otherwise the physical 
arrangement of the space may make children to feel uncomfortable 

and not allow them to choose with whom they interact with. Fur-
thermore, Kinnula et al. [44] bring forth the signifcance of the inter-
action between the group members in the creative action and how it 
can afect the creative process and its outcome, referring to Gofman 
[24, 25]. The signifcance of groupwork and collaborative learning 
have also been emphasized in research on 3D designing and/or mak-
ing with children (see e.g., [17, 84, 90, 94]). In addition, some studies 
have noted that groupwork in digital fabrication and making activ-
ities might: be challenging, require a lot of negotiation, not entail 
equally shared workload, and be hindered by peer pressure [36, 83]. 

2.3 Nexus Analysis as a Theoretical Framework 
In this study, nexus analysis provides the theoretical lens for making 
sense of young people’s digital fabrication and making experiences, 
with a particular focus on the infuence of task and space on the 
experience. Nexus analysis is a highly multidisciplinary research 
strategy and theoretical lens, having background and inspiration in 
linguistics, discourse and interaction studies, anthropology, prac-
tice theories, and activity theory, among others [78, 79]. Despite 
its background in discourse and language studies, however, nexus 
analysis sees social action as the unit of analysis to be focused upon. 
Moreover, nexus analysis maintains social action is to be examined 
as constituted in the intersection of three aspects: historical bodies 
of the participants, interaction order among them and discourses 
in place circulating around [78, 79]. As for all these three aspects, 
nexus analysis is also interested in materiality intermingled with. 
The concept of discourses in place emphasizes that the discourses 
are always emerging in situ, particularly place and time, shaped by 
its constraints and afordances. A particular space may invite partic-
ular discourses as well as embed such, implying that discourses of 
the past are intimately intertwined with our current actions. Scollon 
and Scollon [78] use classroom as an example for illustrating how 
prominent discourses from the past are shaping current action: they 
are embedded in the classroom arrangement, in the furniture, in the 
architecture of the school. They give raise to particular discourses 
in situ, although nexus analysis acknowledges also current societal 
discourses circulating around any social action as relevant. The 
discourses and the material setting are involved in shaping inter-
action order among the participants: the discourses embedded in 
the space enable some interactions while hinder others [78]. The 
concept of interaction order, coined by Gofman [25], focuses the 
attention to social interaction among people being constituted in 
situ, but acknowledges also the infuence of broader social conven-
tions, norms and rules shaping in situ interaction. Third signifcant 
concept is historical body of the participants, coined by Nishida 
[67], closely associated with the concept of habitus by Bourdieu 
[6]. The concept of historical body is preferred in nexus analysis as 
it directs attention to actual human bodies, with past experiences, 
histories and expertise embedded, engaged in any social action 
[78, 79]. Nexus analysis, overall, enables “to avoid uprooting words 
and actions from the historical bodies of the individuals performing 
them, or disconnecting the discourses and actions from the sociocul-
tural context of their formation and realization, or ignoring the history 
of these actions and discourses for the individual and in the situation. 
(. . .) The individual accumulates experience in the course of his/her 
trajectory across time and space, social orders open up and close and 
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are rearranged, discourses in place are transformed as buildings are 
refashioned, innovative technologies are introduced, new texts and 
discourses circulate.” [79]. Nexus analysis entails “the mapping of 
semiotic cycles of people discourses, places, and mediational means 
involved in the social action” [78]. 

The social action under study is ‘3D designing and 3D printing’ 
with young people as focal social actors. The analysis will exam-
ine interaction orders and historical bodies of the participants as 
intermingled with the social action as well as discourses in place, 
emerging in situ, particularly from the viewpoint of discourses 
embedded in the physical places. 

3 METHODOLOGY 

3.1 Interpretive Case Study 
This study represents an interpretive case study. Case studies, in 
general, examine “a phenomenon in its natural setting, employing 
multiple methods of data collection to gather information from one 
or few entities (people, groups, or organizations). The boundaries 
of the phenomenon are not clearly evident at the outset of the 
research and no experimental control or manipulation is used.” [2]. 
Interpretive case studies, in particular, aim at understanding and 
making sense of the world, instead of explaining in the sense of pre-
dicting. Interpretive case studies focus on the meanings attached to 
the phenomenon of interest, on the study participants’ perspective 
and on thorough understandings [15, 45]. The case involved in this 
study was a university summer trainee program, organized by an 
electronics and robotics club, with the ultimate goal of getting the 
15-17-years-old trainees acquainted and interested in the technolog-
ical felds and therefore inspiring the potential future applicants for 
these felds in the university. When applying for the paid summer 
job, the teens prioritized between the tasks based on their interests; 
however, according to the fnal feedback, some had not explicit 
ideas about what they were applying for. The task topics, which in-
cluded 3D modeling, 3D printing, Arduino programming, robotics, 
and VR-game programming, were designed based on 1) a broader 
category of projects to attract more girls, and 2) defning mean-
ingful pedagogical projects. The participants, who were recruited 
by the club for this program, worked with the activities assigned 
to them for nine days, seven hours per day. The most essential 
recruitment criteria were enthusiasm and willingness. Although 
girl applicants were prioritized, only 20% of the recruited trainees 
were girls. Some girls felt they did not belong due to their small 
number; some of them, however, including those that we closely 
observed, were natural with the setting. 

In line with case study methodology [2], we did not intervene 
in the arrangements of the summer trainee program but acted 
as outsider observers. Hence, we did not afect the participants’ 
recruitment, the task topics or the duration of the program and 
activities. As this was a paid summer job for the participants, they 
were obliged to work 7 h per day for the duration of 2 weeks (1 day 
happened to be a public holiday). 

3.2 Study Participants 
We reached the trainees via the pedagogical expert for the sum-
mer trainee program, who approved and shared our ‘participant 
information & informed consent form’, which included information 

about: researchers, purpose of the study, the reason for inviting 
them to our study, the infuence of their participation, methods of 
data collection, ways of using and storing their data, data confden-
tiality, involved risks in their participation, their rights to withdraw 
from the study, having access to their data, having rights to appeal, 
and information of a movie ticket reward for their participation. In 
addition, the consent form included an obligatory parental consent 
section for those who were under 18-years-old. Altogether, fve 
trainees as well as two instructors related to their activities and 
the pedagogical expert of the program took part in this study. We 
collected very similar type of consent also from our adult partici-
pants. The fve trainees worked in four diferent groups: three 3D 
modeling groups and a 3D printing group (Table 1), with some 
intergroup collaborations. 

3.3 Data Collection 
Our interpretive case study was carried out by utilizing observation 
and interview methods, which are suggested as some of the most 
widely used methods in case studies (e.g. [2]) and are capable of 
in-depth portraying of the phenomenon [21], wherein their com-
bination helps us learn fruitfully about our participants [78]. We 
took an interpretive, naturalistic stance, “attempting to make sense 
of or interpret phenomena in terms of the meanings people bring to 
them.” [15]. 

Observation. Neutral passive observation was done via taking 
feldnotes and photographs for the duration of 9 days. For the sake 
of frst impression management, our only direct interaction with 
our participants was at the beginning of their activities by saying 
hi, introducing ourselves, and briefy explaining the reason and 
manner of our presences therein. In taking observation notes, we 
brought the focus mainly on the participants’ interactions with each 
other and their instructors, as well as the machines and tools that 
they were utilizing. Our detailed feldnotes include the description 
of the physical setting, what the participants were doing, what was 
the sequence of the activities, what was the goal of the tasks in 
hand, who else was involved and how, what actions were taken, 
what kind of conversations took place, what worked or didn’t work, 
and what feelings and attitudes were evident. 

Interviewing. Right after the trainee period, we conducted in-
formal fexible open-ended semi-structured interviews (we empha-
sized informal discussions rather than formal interviews) with the 
fve trainees, two of their instructors, and the program’s pedagogical 
expert, inquiring their backgrounds, experiences, feelings, environ-
ment, refections on their diferent activities, and also specifcally 
those events about which we intended to further our knowledge 
based on our observations. Overall duration of the audio recorded 
interviews was 5 h 37 min (∼20 min/trainee; 80 min/adult). 

We followed general guidelines for the qualitative interview [62] 
as follows: We allowed the participants to pick the date and location 
for the interviews; we suggested meeting at the university, which 
was welcomed by the participants. In order to enjoy a less formal 
atmosphere, we had chosen a cozy room, as shown in Figure 1, 
with rocking chairs. Only the researcher and research assistant 
who were familiar for the trainees were present for the interviews. 
We asked permission for audio recording our conversations. We 
tried to show the right amount of empathy in an interested yet 
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Table 1: Participants’ Information 

Group Place Role Age Participant Gender Defnition 

Modeling-Grp1: 3D University 3D modeling and rapid 16 Trainee1 Female No prior experience in 3D 
modeling group 1; 3 FabLab prototyping; collaboration with (TEEN1) modeling 
members Printing-Grp for getting 16 Trainee2 Male No prior experience in 3D 

designed objects 3D printed (TEEN2) modeling 
Modeling-Grp2: 3D A spacious 3D modeling; collaboration with 16 Trainee3 Male No prior experience in 3D 
modeling group 2; 2 
members 

lecture room at the Virtual reality game group 
the University 

(TEEN3) modeling 

Modeling-Grp3: 3D next to the 16 Trainee4 Male No prior experience in 3D 
modeling group 3; 2 FabLab (TEEN4) modeling 
members 
Printing-Grp: 3D University 3D printing; collaboration 15 Trainee5 Female No prior experience in 3D 
printing group; 4 FabLab with diferent groups (TEEN5) modeling 
members 

Instructing 3D printing and 22 Main Male Experienced: frst was a 
3D modeling groups Instructor club member, then 

became the club 
instructor 

Assisting in instructing 3D 18 Assisting Male Experienced: was frst a 
modeling and 3D printing Instructor club member, then 
groups (also, main instructor became the club 
for robotics group) instructor 
Designing the activities, 35 Pedagogical Female Experienced: Master of 
participant’s recruiting, Expert Arts in education, club 
observing the instructors & instructor, club’s 
providing feedback to them pedagogical expert 

relaxed manner. Moreover, following the nexus analysis approach, 
we referred to our notes and pictures during the interviews to help 
the interviewee remember some specifc events. This was needed 
only in few instances, though, since the events were fresh in the 
interviewees’ minds. At the end of our discussion, we gave each 
young participant a movie ticket, a copy of the interview questions 
and a notebook for writing a freeform refection, and we asked 
them to take pictures of their notes and email them to us if they 
wanted to. 

3.4 Data Analysis 
To gain a general understanding of “what was going on” in the 
case data, and more specifcally, to make sense of the novice learn-
ers’ self-directed-collaborative engagement in 3D modeling and 3D 
printing activities we combined thematic analysis [9] with nexus 
analysis, following the nexus analysis feld guide [78]. The frst 
author of this study frst got familiar with the observation data and 
interview transcripts through reading them. In the second phase, 
the initial codes across the entire dataset were created through a 
thematic analysis of the data. In the third phase, for the sake of 
refning more subtle features of our data, she engaged with the 
literature specifcally focused on the empirical studies of 3D mod-
eling and 3D printing activities for children. In the fourth phase, 
she engaged in analyzing the nexus of practice, to understand what 
factors shaped the activities. This was done using by mapping the 
related semiotic cycles of persons (historical body, e.g., innovative, 

Figure 1: The room, located at the university, used for con-
ducting the interviews with the Young People 

habitual action, link of the practice to the uniqueness of the partici-
pant, emotional impact on the participant of this action, etc.), overt 
discourses (the interaction order: talks and image making of peo-
ple as, e.g., conversational pairs, learner-learner, learner-instructor, 
etc.), automatic and unpracticed actions (place and its efect on 
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Figure 2: Analysis fow diagram 

actions, collaborative skills, task difculty, socializing, complex task 
structure, decision making power in this environment, vs. school, 
attitude toward (independent) learning, failure, problem solving 
skills, etc.), and mediational means (objects such as 3D modeling 
software and 3D printing and their history for this action). This 
resulted in a number of additional codes for the dataset. From this, 
in the fnal phase of the analysis, two issues – place and task – 
emerged as central from the viewpoint of this paper, intertwined 
with the historical bodies of all participants (what knowledge and 
experiences they had or did not have), interaction order between 
them (in which ways they interacted or did not), and the discourses 
in place (how the place silently guided the actions of the partici-
pants into certain directions). See Figure 2 for a fow diagram for 
the data analysis. 

The analysis was done by notebook, paper sketching, drawing 
digital diagrams, word document, and excel. Validity of the analysis 
procedure was ensured by discussing the results and ways of doing 
analysis via three diferent workshops in diferent phases of the 
study together with the other authors of this study, who are experts 
in the methodology used in the study. 

4 FINDINGS 
Following the nexus analysis feld guide by Scollon and Scollon 
[78], we examined the speech of the participants, actions submerged 
in the historical body of the participants or unpracticed actions, 
discourses submerged in the design of built environment, utilized 
technologies as mediational means, and our own speech, writing 
and images as the material in conducting the nexus analysis. Our 
analysis foregrounded six themes with two central issues: place, 
task (task nature and task challenges) were in the center and people, 
interactions, and self-directed practices were interwoven with these. 
The themes were associated with the participants’ historical body: 

their prior experiences in 3D modeling/printing and prototyping, 
their motivation for participating in the activity, their initial interest 
toward the activity, the unpracticed action of self-directed learning, 
group work and decision making, the submerged practice of depen-
dent learning, and unpracticed skill of complex problem solving. 
Furthermore, the structure and nature of the task as well as the uti-
lized technologies were involved: heavy task, boring task, task that 
needs long waiting time, and nature of the technologies that might 
facilitate or hinder the collaborative work. The themes were linked 
to the discourse of the design of built environment: the ways that 
the participants learnt, felt and interacted in this built environment. 
All in all, we uncovered how objects, environment, and historical 
bodies of the participants infuenced the interaction order among 
the participants in diferent forms: engagement/disengagement in 
the task, ways of dealing with the challenges, ways of interacting 
with the mediated technologies, ways of decision making, ways 
of working in group, position taking (e.g., expert, savior, school 
children, etc.) and feelings about the activity, learning, environment 
and people. Next, we will go deeper in our fndings. 

4.1 People and Their Interaction Orders and 
Historical Bodies Intermingled in the 
Social Action 

In our analysis, we tried to understand the historical bodies of 
the participants, relevant to the action, by uncovering why the 
participants decided to engage in the activity, how habitual or 
innovative the action-practice was for them, how the action was 
linked to the place, other practices, and participants’ uniqueness 
and emotional valence. Accordingly, the analysis informed us about 
the prior experiences of the young participants, their motivation for 
participating and their initial interest toward the activity as well as 
their feelings and attitude toward doing and (independent) learning. 
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The trainees were novice learners who lacked prior experiences not 
only in this type of activity, but also in working, mainly on their 
own, in such environment and setting. They had varying initial 
interests towards the program and activities, including friend’s 
(TEEN2) or father’s (TEEN4) infuence on the participation as well 
as own interest in working with technology (TEEN3), machines 
(TEEN5) and designing (TEEN1). TEEN5: “My friend was here last 
summer, and she said this was a very nice place and I just like to work 
with machines. Like the 3D printers and stuf like that. That’s why 
I’m here.” TEEN4: “Well I have just watched, my father who [. . .] 
does 3D modeling and [. . .]. So, I have watched 3D modeling a little 
bit from the side. It’s actually why I ended up applying for this 3D 
modeling thing.” TEEN2: “A friend of mine [. . .] said that he will 
probably apply for this program and I looked it up myself and then 
we decided to apply together.” 

In regard to the trainees’ attitude towards independent learning 
associated with the amount of help they preferred to receive, only 
one of them (TEEN3), with a special interest and other types of 
technology-related prior work experiences, acted mainly on his 
own and built a kind of professional worker identity. However, the 
others, besides being pleased with the setting letting them learn 
independently, believed it was better if they had received more help. 
TEEN1: “it sometimes left us in a mild state of panic, "wait, what are 
we going to do now, what is this thing"”. TEEN2: “So, I don’t really 
know how to use it. So, not always but sometimes it felt like they left 
too much for us to fgure on our own. There came these problems we 
didn’t really know what to do.” TEEN4: “Maybe only, since I was a frst 
timer and didn’t really know the things [. . .] I didn’t really get help 
or at least it felt like that a little.” TEEN5: “The printer got stuck and 
he was helping the other groups and we had to wait like 20 minutes 
for his help.” Some of the trainees showed persistency in doing and 
learning, while some tended to disengage easily. Moreover, some 
of them seemed to be excited to learn and some sounded bored. 

Observing the interaction order, which the participants mutually 
produced among themselves, enabled us to examine talks and image 
making. The young people were interacting with each other and 
their instructors in diferent ways. Sometimes they were conversa-
tional pairs who engaged in friendly and of-topic conversations by 
talking about hobbies, game and school-related stuf, and sharing 
their stories; sometimes, they were group mates, who learned to-
gether and helped each other; sometimes some were experts who 
taught things to the others; sometimes some were saviors who 
shouldered the most of the group responsibilities; sometimes they 
were individuals who minded their own tasks mainly indepen-
dently; and sometimes some were just school-aged children who 
disengaged when the task was challenging and there was no direct 
help or supervision. In the next sections, we elaborate on diferent 
identifed sources of engagement/disengagement of these young 
people while involved in their tasks. 

4.2 Challenges of 3D Modeling, 3D Printing, 
and Digital to Physical Workfow 

In our study, the youngsters were responsible to explore interact-
ing with the software, tools and machines mostly independently 
and without the continual direct interventions from the instruc-
tors, which might be necessary for achieving success in these types 

of activities [30]. By identifying a considerable number of occa-
sions when the trainees sought for help, we explored the challenges 
of 3D modeling, 3D printing and digital to physical workfow by 
pinpointing those moments when youngsters needed particular 
support from their instructors. These events of help seeking are 
summarized in Table 2. By ‘digital to physical workfow’, we place 
emphasis on both rapid prototyping by converting the 3D model 
to a 2D design and then using mainly laser cutter to make it, and 
also creating the designed object using 3D printer. These challenges 
showed in the actions which were not submerged into practice 
by long habit for the young participants, i.e. they did not have 
those as part of their historical bodies: The young people needed 
to engage in a new action of 3D modeling/printing that was me-
diated by unknown technologies for them (3D modeling software 
and 3D printer). They also needed to act in a newly self-directed 
manner. That demanded their heavy involvement in problem solv-
ing without direct support from the instructors, which led them 
to experience failure and, due to that, frustration. None of these 
activities (learning new software/tools/machines independently, 
complex problem solving and failure as a common option) were 
part of their historical bodies, i.e., internalized as practices for these 
youngsters due to the school system and structured instructions 
that they usually received for learning at school. 

In the immense world of digital fabrication, it is normal that even 
the instructors lack some relevant knowledge as part of their histor-
ical bodies. In the identifed help-seeking events, there were several 
occasions when the instructors had no explicit immediate idea or 
suggestion for solving the issues, which occasionally led to a more 
complex situation for the youngsters. Furthermore, although pro-
viding pupils with a variety of approaches for 3D modelling might 
preserve their engagement [4], this variety makes it extravagant 
to expect an instructor having gained expertise or even experience 
with all of the tools and software. This was the case with TEEN3 
from Modeling-Grp2. He chose to use a 3D modeling software in 
which his instructor could not help him much, because he didn’t 
have enough experience with it. In the interview, this teen said: “So, 
like, he taught me the very basics then I learned from there. And then I 
asked him for help, many times when I couldn’t fgure out something. 
But he also didn’t use Blender very much [. . .] so I... most of the time 
did Google how to use Blender. So, I learned that way mostly.” 

After the main instructor, who was attached to the groups, ini-
tially taught each group separately the basics and principles of 
either 3D modeling (Fusion 360) or 3D printing (mainly working 
with Pro2 by Raise3D), the group members explored the software 
and/or machines before starting their main tasks. The main task 
for Modeling-Grp1 was creating some parts of an Iron Man themed 
power suit/armor, which was done by sketching their ideas on pa-
per, 3D modeling and fast prototyping using laser cutter and some 
electronics production tools such as soldering. Modeling-Grp2 and 
Modeling-Grp3 engaged in merely 3D modeling some objects (e.g., 
submarine) for the use of VR-game-group by utilizing 3D modeling 
software such as Fusion 360 and/or Blender. Printing-Grp reigned 
operating the 3D printer by taking care of 3D printing the models 
created by the other groups as well as identifying and solving the 
hardware and software issues with the 3D printer. 

Modeling-Grp1, which was heavily involved in problem solving, 
confronted two main challenges of: 1. transforming their paper 
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Table 2: Help seeking events 

3D Modeling 

Getting ready with the accounts and software | Difculties in shifting from paper sketches to the digital design | Confrming the 3D model 
with the instructor before sending to the 3D printing group | Lack of design ideas and solutions to the problems | Saving issues with the 
software | Measurements and calculations | Design limitations for 3D printing | Difculty in using some tools of the 3D modeling software 
| Constant failing and re-designing | Online help-seeking 

3D Printing 

Setting up the laptop | 3D printer was not working | 3D printer calibration | Layers were not being printed correctly | 3D model refuses to 
be printed | 3D printer was working slow | Design fle format was not suitable for 3D printing | Confusion in choosing the proper type of 
material for 3D printing | 3D printer stand was not stable enough | How 3D printer setting afect the output | Setting up the support 
material | Adjusting settings for a new material | overlooking fnishing process | Failure due to the model measurements | Printing 
multiple objects at the same time | Print task prioritizing | Online help-seeking 

Digital to Physical Workfow 

Preparing the 3D model for laser cutting | Laying out parts in the software to avoid waste of material | How to operate the laser cutter | 
Choosing or fnding suitable tools for assembling the prototype (e.g., screw, bolt, BoxCutter and sawblade) | Double checking with the 
instructor before operating the laser cutter by themselves | Laser cutter settings | Laser cutter did not cut through | Electronic related tasks 
for building the prototype (e.g., soldering and working with solenoid) | Modifying the 3D model or re-designing due to the 3D printing 
failure | Modifying the model or re-designing due to the lack of expected functionality of the 3D printed part | Online help-seeking 

sketches into a 3D digital design while having difculties in un-
derstanding and utilizing some of the 3D modeling software tools, 
and 2. ideating a new solution and re-designing for improving their 
failed prototype. Moreover, since they were working with not only 
the modeling software, but also the laser cutter and electronics 
production tools for fast prototyping, they needed help with these 
tools and machines as well. A piece of describing observation feld-
note around Modeling-Grp1 says: “The instructor starts instructing 
the group on how they could now start manufacturing their 3D model 
parts. Instructs them to download new software. While waiting they 
talk about of-topic subjects in a very friendly manner. They need 
admin rights to install new software so [. . .] Jokes about how Ctrl+S 
for saving is the most important thing when working with demanding 
software like modeling software since they can crash a lot. [. . .] In-
structs the group how they can now use the new software to get their 
models out in the right format for the laser cutter. [. . .] Has some 
issues with the saving since the software isn’t allowing them save 
every part of the model.” 

In Modeling-Grp2 and Modeling-Grp3, which engaged in individ-
ual 3D modeling some VR game assets, their main interactions with 
their instructor happened initially to learn basics. After learning 
the basics and principles, we found them in the vicinity of comfort 
with their job while they were addressing the confronted issues 
mainly via online help seeking, which is discussed to have its own 
challenges for independent 3D designing [29]. Related feldnote 
about TEEN3: “he asked for help with an issue he was facing during 
the modeling [. . .] continuing independent work on the submarine 
model, had made clear progress on it and didn’t seem to have issues 
that he couldn’t solve himself with online help.” In the interview, 
TEEN4 said: “Maybe there, that at least frst timers could be helped. 
If someone already knows what to do, let them go at their own pace.” 

After learning the principles of 3D printing from their instructor, 
the Printing-Grp needed to deal with understanding the underlying 

reasons for the 3D print failure, which is also shown previously to 
be a source of disengagement [11]. The main challenge for them 
was adjusting the 3D printer setting as they had to: 1. understand 
how their settings afect the output, 2. change settings based on the 
model, and 3. adjust the setting for a new material. Related feldnote 
about TEEN5: “She was working on a 3D printer in the FabLab. The 
main instructor went to help her but couldn’t fgure out the issue 
either, and instructed her to go ask for another instructor to help. 
She had looked for solutions online on the laptop beforehand. [. . .] 
She had started printing a part [. . .] but there was an issue with a 
layer not printing correctly [. . .] the main instructor joined and started 
discussing whether the process should be paused and fxed or if it would 
require a complete restart and instructed her to open up the model in 
the program to see if the problem could be identifed in the code.” 

4.3 Challenges Due to the Full Freedom in 
Formulating the Collaborative 3D Design 
Work 

The activities were arranged in a way that demanded the youngsters 
to both learn and do their jobs while they engaged in a task-based 
exploration. Here, the prominent emergent theme was self-directed 
collaborative practices; meaning, the youngsters, without the direct 
mediation of the instructors, took the initiative for formulating their 
collaborative activity. This brought challenges mainly for the 3D 
modeling groups. By holding the power of decision making, they en-
gaged in open communications, idea sharing, task division, and time 
management activities. Here, the emerged fndings are related to the 
historical bodies of the participants, both their automatic as well as 
unpracticed actions. Although collaborative activities are counted 
as automatic practices for the teenagers (e.g., at school), orchestra-
tion for shaping groups, task division, time management and the 
task structure are usually done by the adults (e.g., teachers). There-
fore, for the purpose of fulflling their tasks in this activity, these 
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Figure 3: Paper sketch, 3D design, and laser cut wooden pieces as well as the 3D printed pieces (Modeling-Grp1) 

young people were required to engage in some actions which were 
unpracticed for them, such as having the power of decision making 
for the matters related to their collaborative activities. The members 
of Modeling-Grp1 decided to work on each task collaboratively, 
while the members of Modeling-Grp2 and Modeling-Grp3 chose 
to work individually on diferent tasks. All the members lacked 
experience in these kinds of self-directed-collaborative practices. 

From this perspective, the main challenge within Modeling-Grp1 
was the matter of engagement and disengagement. TEEN1, as the 
most active and spirited member of the group, was shouldering most 
of the responsibilities including ideating, initial sketching, design-
ing with the software, asking other member’s feedback, supporting 
other peers, communicating with the instructor, and conducting the 
inter-group relations with the 3D printing group. Her role emerged 
as the savior of the group who was trying to carry things forward 
even in the challenging situations, while the other two members 
(including TEEN2) lost their motivations and got distracted by non-
work related activities such as playing game with their cellphones. 
Eventually, after a few days, the interaction order in the group 
ended with TEEN1 taking the leader role of the group, frequently 
engaging other members in the task by encouraging them to be 
creative, and also by asking for their inputs, ideas and corrections 
for diferent stages of the design. In the interview, TEEN1 said: 
“Well, it was a pretty good group considering that we got along. But 
occasionally it started to annoy a bit, because occasionally it felt that 
I was doing things and actually trying to get forward even though at 
some points I lost motivation for it, but with the others it might have 
went to just using their phones and yeah...”. A feldnote describes 
Modeling-Grp1 like: “she keeps being the main sketcher for the group 
and talks a lot [. . .] doesn’t try to force her ideas but wants confrma-
tion from the others that they also think that her ideas could work. 
Asks others what their opinions are for [. . .] Tries to help out another 
group member with [. . .] has a minor disagreement about a certain 
angle in the design [. . .] laughs it of at the end of it.” Figure 3 shows 
some activities of Modeling-Grp1. 

On the other hand, in Modeling-Grp2 and Modeling-Grp3, where 
the members decided to work completely independent from each 
other on 3D designing diferent objects, the interaction order ended 
very diferent. The challenge of not experiencing the group work in 
a real sense happened. Although the group members were sitting at 
the same table and working together as a group on a same theme of 
work, their decision about working independently was one of the 
reasons that prevented them from having enough interactions with 
each other as group members who basically engage in diferent 
work or non-work related conversations. In the interview, TEEN4 
said: “He worked on his own projects really and we worked basically 
on our own things. He even used the other program for his own thing.” 
A related feldnote about TEEN3 is: “Was still working alone on his 
models. [. . .] Was still working independently on his own models. 
Didn’t seem to discuss much with others [. . .], without any input 
from other participants or instructors.” 

4.4 Merely Designing or Merely Making Is Not 
Good Enough 

Our fndings also shed light on the signifcance of the nature of the 
task and the technological mediational means which were crucial to 
the activities. The tasks were described for example as being heavy 
or boring, and waiting time for the task to be done as long. The 
nature of the utilized technologies submerged in the design of 3D 
modeling software and 3D printers were also afecting teenagers’ 
engagement or forcing them to confront some challenges. The 
challenges that Modeling-Grp1 was confronting were not only 
‘not fun’ to tackle with, but also tiresome to overcome. Based on 
our observations, we strongly relate this discomfort to the heavy 
nature of the digital to physical workfow that demanded the novice 
trainees to constantly bring their attention over a long period of 
time to the iterations among diferent stages of their 3D designing 
activity including ideating, problem solving, re-3D designing and 
re-making a prototype. In the interview, TEEN2 said: “Maybe, there 
were some boring times that we needed to wait for something, or we 
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Figure 4: Game assets 3D designed by TEEN3 (on the left) and TEEN4 (on the right) for the VR-game. 

didn’t have any ideas. . . it was the 3D modeling that was lots of just 
being on the computer and once we were done with that, we had to 
often wait that the printers can get it printed.” 

On the other hand, we witnessed an energetic atmosphere 
within the group engaging in the 3D printing activity. Interaction 
order in this group was relaxed and natural, within the group 
itself as well as with the other groups; they were working happily, 
playing around and yet having a care for the task in hand; they 
had fun while doing the task or even while facing the challenges. 
However, the major event of downtime for the members of this 
group was the waiting time for the 3D printer to print a model. 
In the interview, TEEN5 said: “I think there could be a little more 
like to do here. Sometimes it was a little bit just like waiting, so there 
could be a little stuf to do at that time.” 

As for Modeling-Grp2 and Modeling-Grp3, everything seemed to 
be too smooth and uninteresting while the members were engaging 
in merely 3D designing and literally individually for delivering 
game assets to the VR-game-group, without any specifc interaction 
or close collaboration with that group. We do agree with [63] about 
the possibility of forgetting about the importance of other processes 
such as fabricating a prototype when being too focused on merely 
3D designing on a computer. This was the case with the spirit of the 
assigned task to the youngsters in Modeling-Grp2 and Modeling-
Grp3, where they were not involved in the VR-game activity at all; 
wherein they could have the chance of being involved in utilizing 
their 3D creations in the VR-game and experiencing the enjoyment 
of giving lives to their designed objects. In the interview, TEEN4 
said: “Well I mean, I liked being in the 3D modeler group, but I thought 
that next time I would try something else. For example, I looked at 
what the game group was doing, and it also looked pretty nice.” 

Furthermore, the 3D printer, together with the computer(s) con-
nected to it, as the means mediating the task of 3D printing, and 3D 
modeling software as the means mediating the task of 3D modeling, 
were playing role in the youngsters’ engagement. The 3D printer 
was possible to be explored by interacting with the machine as 
a group (e.g., one focused on the 3D printing settings, one explored 
the 3D printing materials, one checked the models, and etc.); on 
the contrary, cooperative work on one screen with a software for 
individual work either kept a youngster busy with design and left 
the other group members to be distracted by non-work-related stuf 
(Modeling-Grp1), or caused both groupmates working separately 
and disconnected from each other on the design of diferent objects 

(Modeling-Grp2 and Modeling-Grp3); e.g., see Figure 4. I.e., it had 
a clear efect on the interaction order within the group. If one 
asks children, they might wish for the integration of collaborative 
features into 3D modeling software, as they did as such in [60]. 

4.5 FabLab Providing a Cooler Place for 
Learning than a Lecture Room 

We examined the foregrounded aspects of the place where the 
activity was happening, including the place support or lack of it 
in relation to the participants’ learning, feelings and interactions. 
These place-related aspects indicated how learning in that place 
was fun or boring or exciting, how the environment was relaxed, 
encouraging, or soulless, how the atmosphere was happy or unin-
spiring, and how the interactions were under control or out of 
control. The activities happened in both a FabLab (FabLab Oulu 
located at the University of Oulu) and a lecture room (located close 
to the FabLab); we found the former more stimulating and less 
boring compared to the latter. 

The FabLab has two foors with several separate spaces for 
focusing on diferent activities: a making space located on the 
frst foor with e.g., 3D printers, laser cutters and a vinylcutter; 
an electronics workstation for electronics-related work such as 
soldering; and a design space including a computer workstation 
(several desks and computer tables arranged in a U-shape with a 
big screen at the upper part of the U) and a few rooms having doors 
opening to the computer workstation. For this program, one of 
the rooms in the second foor was arranged for the Printing-Grp, 
meaning, this group had their own private space and meanwhile 
were just close to the Modeling-Grp1 who also had the computer 
workstation mainly for themselves. Beanbags in the second foor 
were also useful for those moments that the trainees wanted to 
relax and be far from the computer screen. Two instructors were 
checking on these two groups either intermittently or upon each 
group’s request. 

In this FabLab environment, where there was more privacy and 
active group work, diferent kinds of interactions (pointed out in 
section 4.1.) were prominently accompanied by making jokes and 
laughing, which led to a positive atmosphere helping in lightening 
people’s moods, especially when they were bored or stuck with the 
challenges; some indicating feldnote quotes: “She and her team had 
kept working on the design, they had new ideas but they had iden-
tifed some issues [. . .] Some of the issues were very major, like how 
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Figure 5: TEEN5 fxing an issue with a 3D printer 

would the person get in the suit, but they were laughing and keeping 
a positive attitude about it” (Modeling-Grp1); “The instructor kept a 
very light mood and joked around a bit when facing a few technical 
issues and missing peripherals.” (Printing-Grp). Conclusively, the 
physical arrangement and ambience supported an informal, fun 
and relaxing experiment in which the youngsters of Modeling-Grp1 
and Printing-Grp could comfortably engage in the activity through 
wide and open group and inter-group interactions. “The instructor 
encouraged the 3D printer and modeler groups to share ideas with each 
other [. . .] Joked about how these teams are always blaming and curs-
ing each other and how printers blame modelers and modelers blame 
printers” (FabLab). Figure 5 shows TEEN5 while fxing a 3D printer. 

In the lecture room, located on the other side of the FabLab, the 
ambience was resembling the panopticon-style of a classroom with: 
a wide and fat space, several sets of chairs and tables for each group, 
relatively next to each other, wherein a set was belonging to our 
participants in Modeling-Grp2 and Modeling-Grp3. The instructors 
of diferent groups were sitting at the same lecture room, in row, 
next to each other and with a view toward the trainees but sepa-
rated from them. On a corner of the lecture room a VR-game space 
was arranged enabling teenagers playing VR game in their free time. 
However, our participants from Modeling-Grp2 and Modeling-Grp3, 
as well as lots of other participants in the program did not engage 
in playing VR-game, although it was happening just next to them. 
Our participants in Modeling-Grp2 and Modeling-Grp3 sought 
help from their instructor rarely, and also did not make successfu 
cooperative work with each other or with the VR-game-group. 
Furthermore, the teens were exposed to lots of unwanted inter-
actions with the others in case of leaving their workstation. Even 

while sitting at their workstations, they had no control over not 
being watched by the others. Interaction order in the room was 
constricted; the teens worked with minimal talk, movement or 
help-seeking. We take this in line of the previous fndings on 
contextual condition as one of the factors which afects children’s 
help-seeking behavior [65], and semi-private layout as infuential 
in encouraging youths’ participation [52]. We found the quietness 
of the atmosphere good enough to focus on the task in hand, 
but simultaneously heavy and free from fun and the necessary 
excitement where participants can engage and learn by heart. “He 
was approaching the instructor rarely and only if he was around 
and close to them [. . .] He didn’t seem to discuss much with other 
modelers even though they were working around the same table” 
(Fieldnote about TEEN3). “The overall atmosphere seems to be pretty 
quiet. Instructors and participants seem to all focus on their own 
things.” (Fieldnote about the lecture room) 

5 IMPLICATIONS 
This section introduces the research and design implications of this 
study. 

5.1 Factors Shaping 3D Modelling and 3D 
Printing Experiences of Children 

Our fndings make clear that 3D modeling, 3D printing, and digi-
tal to physical workflow are challenging (see Table 2). Although 
rapid design-to-physical workfows open students’ eyes to the real-
world making constraints of what they are able to design almost 
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limitlessly in the virtual space [22], for some of our participants, fg-
uring out these limitations equaled to experiencing the challenges of 
understanding the design limitations itself, ideating a new solution 
to a problem, re-designing, re-prototyping and eventually waiting 
for the model to be 3D printed; the repetitive tasks in these types 
of workfows can be disengaging [11]. Although we showed that, 
interaction-wise, FabLab atmosphere led to more privacy, relaxed 
interactions and cheerful moments, on the other hand, from the task 
perspective, except seeing the young people’s happiness when they 
had some improvements in their prototypes, we found not only they 
did not enjoy the task in a literal sense due to being too demanding 
and challenging, but also those who lacked primary remarkable 
motivation or interest in the activity disengaged easily. The free-
dom of the task division without the approval from any adult 
expert led to either imbalanced task distribution among the 
group members when they decided to work collaboratively, or 
member’s disconnection from each other when they chose to do 
the tasks individually. Collaborative learning might expose children 
to the underlying collaborative process [28], but, based on our fnd-
ings, does not necessarily engage them in the learning experience. 
Engagement/disengagement in the activities can be related to 
the reasons for participation and amount of interest in the 
activities. For example, the tedious task of merely 3D designing 
became uninspiring for a teenager who had no remarkable interest 
and experience in this activity, while another teenager who had 
considerable amount of interest towards the activity was eagerly 
engaging in it. The nature of the task considerably influenced 
the trainees’ engagement or disengagement. The appropriate na-
ture of the task, and keeping the balance between the structure of 
the task and its fexibility [94], as well as the right level of task com-
plexity [70] are some of the crucial factors leveraging the success 
of the participants in 3D modeling. In addition to these, our fnd-
ings highlight also the essentials of integrating fun and excitement 
in the structure of the task; because heavy task is tiring, merely 
3D designing on a computer lacks excitement, and waiting time 
for 3D printing is boring. Finally, “Digital fabrication laboratories 
(FabLabs) infuence how we think, ideate, do, make, and create.” [23], 
and setting for making and tinkering activities is one of the values 
driving the behavior of the participants in supporting one another 
[90]. We explored the crucial foregrounded aspects to the social 
action under our study, by identifying two features of the available 
place support or lack of it: physical arrangement and ambience; as 
supportive social context are fundamental to children’s successful 
experiences [94]. “There are very few ‘pure’ places in our worlds where 
everything in that place serves a single purpose and where there is 
nothing extraneous.” [78]; we showed how physical arrangement 
and ambience in the FabLab were positively influencing the 
interactions and engagement of those groups working in there 
by providing them with diferent informal, relaxed and happy ex-
periences; while, we could barely see active interactions and com-
munications as well as exciting engagements of our participants 
in the traditional-panopticon-classroom-looking lecture room. 

5.2 Value of the Nexus Analytic Lens 
In this study, as suggested by Scollon and Scollon [78], we tried to 
set an approximate circumference of our participants (who they are 

and in which ways they interact with each other), the mediational 
means (which means they use for enabling their actions), discourses 
(overt discourses enabling interaction order as well as discourses 
internalized in the action), and place (available or lack of place 
support). To make our focus narrower, we looked our participants’ 
engagement or disengagement in the social action; as these are 
essential characteristics in shifting a casual Maker’s commitment 
to long-term learning [30]. The nexus analytic lens enabled us to 
approach digital fabrication and making activities, particularly 3D 
modelling and 3D printing, as a complex microcosmos, “as a multi-
faceted constellation of people, objects, tools, relationships, discourses, 
as a stage with particular performances” [33], within which complex 
confgurations of interaction orders between participants, their his-
torical bodies and discourses in place emerge and evolve. Based 
on our identifed interwoven themes in this study, we highlight 
the signifcance of having a broader vision for engaging novices in 
digital fabrication and making activities. “The relationship between 
a person’s perceptions, understandings, experiences of maker technol-
ogy and the designs they create for maker technologies is likely to 
be highly complex area.” [19]. A good example of that is TEEN4 in 
our study, as his situation can be described followingly: ‘no prior 
experience in and no remarkable interest towards 3D modeling; the 
boring and difcult nature of 3D designing; working independent 
from the other group member; no signifcant discursive construc-
tion with the other group member; no close and direct instructions 
from the instructor; no involvement in any other activities; and, 
working in an uninspiring and soulless physical environment with 
minimum interactions with any tools or other people’. Nexus ana-
lytic approach helps in drawing together all these complex aspects, 
for a deep analysis of what is going on, as it encourages and guides 
the researcher to look beyond the surface, and also gives practical 
guidance for how to do that in its feld guide [78]. Because of this, 
nexus analysis is suitable for studying complex topics as it enables 
in-depth studies considering comprehensive factors shaping the 
social action in question (social, historical, material). Nexus anal-
ysis is a fexible research strategy that can be used to address a 
variety of HCI topics with some sort of social action in focus (re-
lating either to design or use of technology). It has been used in 
HCI previously for example for studying imitation and recycling in 
the design process [47], power and participation in a design project 
[35], and identity exploration and construction of children when 
creating video diaries of their technology use [34]. 

5.3 Design Implications 
Our study ofers a number of considerations for the designers of 
activities, spaces and tools associated with 3D modelling and 3D 
printing with children. 

Regarding self-directing activities, lack of instructions can be 
problematic [74] particularly in case of pupils who lack experience 
in directing their own groupwork activities due to being used to 
the teacher-dependent school system, even though in exploratory 
learning people usually learn by trying out diferent methods such 
as trial and error and interacting with others. By linking young peo-
ple’s decision making power to the emergence of some groupwork 
challenges, we 1) underline the risk of uneven task distribution (see 
some similar examples of this type of collaboration challenges in 
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digital fabrication and making activities produced in some prior 
studies [36, 83]), and also member’s disconnection from each other, 
as well as 2) highlight the need for fguring out the best ways for 
supporting actors’ self-directed interactions with each other when 
it comes to group collaboration—as this aspect of interaction has 
not been the focus of much digital fabrication studies. Sometimes 
“getting started with 3D design software is a signifcant barrier for 
children” [29], which could be relatively smoothened by providing 
the participants with more initial instructions for the basics and 
principals of both 3D modeling and 3D printing, especially when 
they utilize expert tools, which might “come at too high of a cost in 
terms of learning” [10]—this worked nice in our study due to the 
enough amount of initial instructions and support. 

Regarding nature of tasks, our study provides plenty of ev-
idence of a wider spectrum of unpredictable challenges formed 
when the trainees engaged in CAD/CAM workfows, which “can 
be an accessible subject matter for students without prior experience 
in digital modeling or fabrication” [22]. Based on our fndings, that 
support some prior studies, in doing the challenging task of 3D 
designing [51] right level of complexity [70], playfulness [66], and 
fun, which are some success criteria, should not be underestimated. 
Lack of careful consideration of “the appropriate nature and size of 
the task” [94] involved some of the trainee’s heavily in problem 
solving to bring an idea to life, where there was a long distance 
between “what they have in their minds and their physical materi-
alization” [56]. When it comes to 3D designing in alignment with 
fast prototyping and 3D printing, we underscore young people’s 
engagement in all of these activities in an iterative manner; for 
overcoming the challenges of boredom and disengagement due to 
the boring and challenging task of merely 3D designing, waiting 
time for the 3D printer to fnish the object, and heavy problem-
solving situation. Therefore, as design implications for the task 
and activity, we suggest the essential needs for: 

• Identifying diferent possible roles that might emerge for 
the pupils during this process; for example in our study 
based on what they did we could say they acted e.g., as: 
Thinker, 3D modeler, Prototype Maker, 3D print operator, 
Trouble shooter and Peer helper. We found that specifc 
attention should be paid to the difculties of this workfow 
and consider a role, in which they could have moments of 
relaxation, refreshing, playing and having fun in between 
their other more serious roles. 

• Careful formulation of young people’s tasks to be done while 
taking each of their roles; in this essence, understanding the 
possible challenges that they might encounter in doing each 
of the tasks is required frst and foremost. We highlight the 
essentials of considering the amount of prior experience in 
the similar activities and also the level of interest in these 
type of tasks as two important weights for balancing the 
scale of the task requirements. 

• Taking into account the challenges of digital to physical 
workfow especially when it includes the fast prototyping 
phase, which is heavily involved with repetitive problem-
solving situation; Our gained insight suggests that one pos-
sible solution is to smoothen the experience by providing an 
opportunity for the children to take part in playing diferent 

roles by switching among diferent tasks in an iterative man-
ner. Developing gamifed means for this purpose, such as 
mobile apps, and integrating these ideas into them might be 
a fun and playful way of engaging and learning for children. 

The main take away from our suggestions regarding regulating 
3D designing with 3D printing could be the emphasis on avoiding 
involving children merely in 3D designing. Our implications are 
applicable in other contexts; e.g., as another case in our study, 3D 
designing could be aligned with VR-game coding to give a chance 
to children for experiencing both forms, instead of merely one of 
them. Last but not least, our fndings support some other HCI and 
CCI researchers discussing about difculties in drawing a “line 
between “designed” and “made” artifacts” [27], “misconception that 
digital design and physical production are two discrete processes” [22], 
“interdependency between the diferent stages of a casual maker’s 
fabrication workfow” [30], and sacrifcing working with hands over 
making with hands when design and making are detached activities 
[64]. 

Design implications for the space/environment, we showed 
how the physical space and materials we work with as well as 
people we interact with afect the activities and the resulting expe-
riences. We agree with Peschl and Fundneider [69] that innovation 
(as well as digital fabrication and making) “is intrinsically coupled 
with the environment” and suggest that the FabLab seems to ofer 
a more suitable Enabling Space, where “architectural/physical, so-
cial, cognitive, technological, epistemological, cultural, intellectual, 
emotional and other factors are considered and integrated, aiming 
to support innovation activities” than a traditional lecture room. It 
seems the lecture room did not support the processes of creation or 
use equally to the FabLab (cf. [61]). So far, the infuence of space on 
digital fabrication and making activities of children has not been 
extensively addressed. We also identifed a relationship between 
the space and social interaction, supporting the views of Lee and 
colleagues [52] on the importance of careful physical design and 
layout of the space in inviting participation in the ofered activities. 
In addition, we emphasize the importance of designing a FabLab 
space by considering separated sections for noisy machines such 
as laser cutters or industrial 3D printers. The idea of separated 
spaces for diferent themes of activities (electronics, laser cutting, 
designing, 3D printing, etc.) will also serve maintaining the privacy 
of the participants by minimizing the unwanted interactions. More-
over, it would be also useful to have large screens and fipchart 
boards, whiteboards, interactive walls, etc. as well as sitting areas 
and computers/laptops close to each set of machines with some 
careful physical structure which facilitates interactions with both 
the people and machines (instead of having merely a separated com-
puter workstation for teaching everything). When the instructors 
are teaching how to use a machine to a group, usually only 2 or 3 
people who are standing close enough to the instructor can clearly 
see what is happening; hence, the designers of the makerspaces 
should focus on bringing some solutions for arranging the physical 
setting to support teaching diferent machines to the groups; for 
example, use of cameras showing closely the machine interface on 
the big screens might bring good solutions. 

Design implications for the 3D modeling sofware. Although 
there are some expressive design tools such as Teddy [32], UCube 
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[51], KidCAD [20], TADCAD [85] etc., which enable children to 
create 3D models easier, sometimes the instructors of the activities 
(e.g., our instructor participants) are neither familiar with the child-
friendly modeling software or just prefer using more professional 
and powerful tools in the activities. Therefore, in order to be able 
to support the young people, they suggest children using those 
higher-level tools which are more complicated than the software 
specifcally tailored for children. Moreover, even the child-friendly 
tools could still be challenging to start with, especially when it 
comes to designing something from scratch based on the ideas 
sketched on the paper. To address this issue, we encourage the 
designers to consider improving the 3D modeling software with 
features for supporting the transition from a paper sketch to the 3D 
digital design intending for a smoother start for the novice learners 
including children. For example, it might be useful if the software 
processes the picture of the paper sketch and gives 1) simulation of 
how its three dimensional version would look like and 2) sugges-
tions of what objects/tools could possibly be utilized for creating a 
3D model of it. Our next design implication is regarding the child-
friendly 3D to 2D model workfow for fast prototyping with the 
laser cutter which is an important stage in digital fabrication. Not 
all of the child-friendly software has such a feature and not all of 
those who have it are powerful enough in recognizing how to slice 
a 3D model to give a satisfactory 2D result. For example, if one 
tries to save even a simple box as SVG (a vector image format for 
two-dimensional graphics) in Tinkercad, it will result in only a 2D 
rectangle/square. It does not even generate diferent sides of the 
box. This example clarifes how irrelevant could the result of the 
3D to 2D conversion be by utilizing the current child-friendly 3D 
modeling software. Therefore, most of the child-friendly 3D model-
ing software need essential enhancement for addressing the lack of 
powerful features for creating a 2D drawing from a 3D model for 
fast prototyping using a laser cutter. 

Design implications for the 3D printers. Model slicing is an 
important step which goes between the created 3D model and 3D 
printing. The novice learners encounter difculty in understanding 
the concepts of slicing the 3D model and why, when and where 
to use the support material for their models. The incorrect use of 
support material leads to the print failure after waiting a signifcant 
amount of time for printing; and struggling with the print failure 
could be a source of disengagement [11]. Hence, child-friendly ways 
of understanding the logic for the use of support material as well as 
model slicing should be invented. Furthermore, understanding the 
logics of 3D printing is essential for an independent, optimal and 
benefcial use of 3D printers by children. For the young people, this 
knowledge might be ambiguous and boring to be gained via verbal 
instructions; instead, 3D printer makers could consider some quick 
and easy re-engineering features for dismantling some parts of the 
3D printers which might make learning some critical principles of 
3D printing more appealing for children. 

6 CONCLUSIONS 
By collecting data via interview and observation methods and en-
gaging in in-depth analysis utilizing thematic analysis and nexus 
analysis, we made sense of the complex social action of 3D model-
ing, 3D printing and fast prototyping. By identifying a broad range 

of help-seeking events for these activities, we showed how chal-
lenging they are, and placed our emphasis on the demand for the 
active presence and help of adult experts in diferent stages of these 
activities. Furthermore, by zooming in on the people and their in-
teractions with not only each other but also the machines, we frst 
highlighted the problematic situations occurring due to physical ar-
rangements, nature of tasks, and self-directing practices, and then, 
presented our practical suggestions for how to carefully take these 
considerations into account when it comes to the design of digital 
fabrication and making activities. We specifcally underscored the 
essentials of keeping 3D designing activity in close alignment and 
relationship with other digital fabrication and making activities, 
to keep the challenging and tedious task of 3D designing smooth, 
playful, and fun, and consequently to keep children engaged in 
the activity. We encourage CCI researchers, interested in the topic 
under this study to think of the ways for conceptualizing clear 
correlations between the task and physical environment to provide 
support for the young learners. 

As to the limitations of the study, this is an interpretive case 
study with a limited number of participants. However, the research 
design enabled us to gain rich insights and conduct detailed analysis 
on the intricacies involved in 3D modeling and 3D printing activi-
ties among young people. Interviewing the participants was done 
after the work period instead of continuously during the whole 
period. This may potentially afect how much the interviewees 
were able to remember what happened and why. We had promised 
passive observation to the organizers and the participants, and, as 
the young people were busy with their tasks (as their job duties), 
it just was not possible to collect data during their work period. 
Nevertheless, we managed to gain rich insights also this way; the 
experiences were still fresh in the participants’ minds. However, 
interviewing the participants in-action might have developed lots 
of additional insights which are missing from this research. The 
two-weeks period with working 5 days/week and 7 hours/day sets 
its own limits to our study. It is a norm for summer jobs for the 
youth in Finland. Focusing for two weeks on quite challenging new 
topics was most likely burdensome, however, and particularly with 
all the challenges our participants faced, engagement and interest 
in the work could fade. On the other hand, this duration enabled the 
participants to concentrate on the activities and carry out relatively 
complex tasks. An even longer timespan would have allowed for 
more time for refection and learning. Noteworthy is also that this 
study included teenager participants engaging in possibly their 
frst summer job. This is diferent to most of the CCI studies and 
some fndings might be specifc due to that. The work context also 
potentially brought new issues to play, compared to a hobby or edu-
cational context. Because this was work for the teens, they possibly 
took it more seriously and showed professional attitudes. With 
hobby or education context, we speculate that inability to create 
what was expected might feel a failure in a lower degree compared 
to the work context, and this might afect interest and motivation. 
This is an interesting possibility for the future studies, to fnd out 
how to arrange this kind of programs that compare work or hobby 
and student recruitment. Important is to note that the study was 
conducted within a particular cultural context, in the city of Oulu in 
Finland which naturally infuences the results. Historical bodies of 
the participants and interaction orders among them are culturally 
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shaped, even if we claim many of our fndings do apply in the other 
cultural settings as well: with young people initially engaging in 
digital fabrication and making activities. 
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