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a b s t r a c t

The COVID-19 pandemic is challenging for Fab Labs and makerspaces where the use of digital
fabrication machines and working with physical materials in collaboration with others are at the heart
of the activities. We have been actively promoting children’s technology education both by training
local teachers and by working with children themselves. The restrictions have resulted in limiting the
number of participants or moving to online working, or even closing the workspaces and cancelling
the events. To continue our work, we needed to explore new solutions for the situation. We have
provided online training for teachers, experimented with working in family groups and fully online,
while access to the digital fabrication machines and children’s engagement in online activities were the
largest challenges we encountered. We report in this paper our experiences with different solutions
as well as challenges we have faced, both as regards technology education of children and collecting
research data related to that.

© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

When COVID-19 entered our lives in spring 2020, the re-
trictions that followed caused many challenges in the education
nd everyday life of children and adults alike (e.g., Iivari et al.,
020; Antle & Frauenberger, 2020). Schools switched to a remote
ode in an eyeblink, teachers were struggling to develop their

eaching practices to meet the needs of this new normalcy, and
arents had to enable and ensure online learning of their children,
ometimes with limited resources, skills and competences (Adnan
Anwar, 2020; Andrew et al., 2020; Dong et al., 2020; Flack et al.,
020; Iivari et al., 2020). In addition to schools, there are other
rganizations and actors involved in children’s education, such as
akerspaces or after school clubs. By those actors, valuable non-

ormal and informal learning experiences are offered for children
lso in the field of technology education (e.g., Tisza et al., 2020),
hich entails different kinds of computer, programming, robotics,
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212-8689/© 2021 The Authors. Published by Elsevier B.V. This is an open access art
and making clubs, events, and spaces (e.g., Tisza et al., 2020;
Kinnula et al., 2020). We have a long-term interest in children’s
technology education and have been teaching children design,
making, and digital fabrication skills in both formal education
context as well as in informal/non-formal contexts for over ten
years (see e.g. Kuure et al., 2010; Iivari et al., 2014; Iivari &
Kinnula, 2016; Tisza et al., 2020; Kinnula et al., 2020; Norouzi
et al., 2021), arguing for children’s genuine participation and
empowerment in and through digital technology development
(Kinnula & Iivari, 2021).

Some of the most relevant actors in the field of technology
education are makerspaces and fab labs. Makerspaces are ‘‘infor-
mal sites for creative production in art, science, and engineering
where people of all ages blend digital and physical technologies
to explore ideas, learn technical skills, and create new products.’’
(Sheridan et al., 2014). Fab labs form a global network of mak-
erspaces, which share a common brand and a standardized set
of processes and digital fabrication machines (Stacey, 2014). This
facilitates the exchange of knowledge within the network: an

object fabricated in one of the fab labs can be replicated in other

icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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fab labs. Standard tools used in fab labs are digital fabrication
machines, i.e., such machines that are able to produce a physical
object from a software model designed in a CAD (Computer Aided
Design) application using additive of manufacturing processes;
examples of those machines are a laser cutter, a vinyl cutter, or a
3D printer. Driving force behind both spaces is their community
members, who share their expertise and knowledge and have a
common interest in do-it-yourself activities. Makerspaces and fab
labs all around the world have faced the challenge of engaging
children in technology education due to the restrictions caused
by the pandemic (e.g. Jayathirtha et al., 2020) and have had to
figure out new ways and means to do that. This paper explores
such endeavours, carried out by the University of Oulu Fab Lab
(see e.g. Kinnula et al., 2020) and the City of Oulu Fab Lab, in Oulu,
Finland (called ‘‘Oulu Fab Labs’’ from now on).

The University Fab Lab regularly hosts student and teacher
isitors from local schools as part of a local strategy to educate
hildren and their teachers as well as to potentially attract the
tudents to study in the university in the future (see also Kin-
ula et al., 2020). Before the COVID-19 outbreak, activities were
lanned for the rest of the spring semester in the University
ab Lab: lectures, guided face-to-face tutorials, and project work,
hich generally entail lots of team collaboration. Due to the
OVID-19, Oulu Fab Labs faced many restrictions that include
imitations in the number of participants in workshops and other
ducation events, obligation of keeping social distance in such
vents, closure of the workspaces in more extreme situations,
nd changing face-to-face events into online courses and even
ancelling them.
Changing into an online mode is a big challenge in fab labs

s use of the digital fabrication machines and face-to-face inter-
ction in a makerspace are central in making: first, aligned with
he spirit of maker identity and culture, spontaneous interactions
nd collaborations among peers are essential (e.g., Hatch, 2014)
nd promoted (e.g. Blikstein, 2013), and second, working with
aterials and tools is inherent to making; hence, there is rela-

ively little to do without those (see also Iivari & Kinnula, 2018 on
ateriality and making). With novice learners, the presence and
etailed guidance of an experienced instructor is also necessary,
s the digital fabrication machines should be used correctly to
revent damage to them as well as to maintain safety of the
achine users (see e.g. Rajanen & Rajanen, 2020 on safety culture

n the context of digital fabrication).
Overall, because of the COVID-19 restrictions, the teachers/

nstructors in Oulu Fab Labs had to quickly adapt to the sudden
ew changes by making changes to the existing learning materi-
ls and embracing alternative pedagogical methods. This resulted
n a high workload for the teachers/instructors. We also had an
ngoing research project with data collection plans in the City of
ulu Fab Lab, and we needed to adjust our plans for that project
s well. After the initial shock subsided, we started to implement
olutions to cope with the new situation, by considering both the
ducation and research data collection aspects. In the following
ections, we discuss those solutions as well as the associated
hallenges we faced.
The paper is structured as follows. In Section 2, we discuss

he opportunities and challenges in the case of full lockdown,
n which case we moved to a fully online teaching mode. In
ection 3, we discuss the opportunities and challenges encoun-
ered with a hybrid teaching mode. In Section 4, we elaborate
n our experiences involved with teaching the teachers to teach
hildren, while in Section 5 we discuss issues involved with sup-
orting children and families. In Section 6 we present challenges
nd opportunities involved in research data collection based on
ur own experiences with conducting our project during the

andemic. Section 7 concludes the paper.

2

2. Full lockdown with fully online teaching mode — chal-
lenges and opportunities

At the start of the pandemic, both fab labs in Oulu were
quickly closed, and we had to consider alternative ways for invit-
ing children and teachers into the activities. Online context has
been introduced as a context for making activities among the
other contexts such as labs, hacker spaces, fairs, workshops etc.
(Silver, 2009). As everything around the world was transformed
into the online working mode, we also considered working with
children online. Many challenges were identifiable along the way
however, while we also identify issues that have worked well.

2.1. Supporting 3D design work

Tutorials and guidance available for online 3D design work.
Many of the fab lab processes start with a design phase with a
CAD software or a programming environment. Providing online
training for how to use software for creating 2D or 3D models,
circuit diagrams, and coding IDEs (integrated development envi-
ronments) etc. is not new, and those are such activities that fit
well in the remote learning methodologies. The maker commu-
nity has produced a lot of tutorials that are a regular source for
knowledge acquisition to many self-learners, both the learners
and instructors alike, when they want to learn new techniques,
solve problems, or get ideas for new projects.

Availability of 3D design tools. Even if during the pandemic dig-
ital inequalities have been exacerbated around the world (Adnan
& Anwar, 2020; Andrew et al., 2020; Dong et al., 2020; Engzell
et al., 2020; Flack et al., 2020), in Finland children usually have
access to computers (see e.g. Iivari et al., 2020). Hence, this has
not been a big issue in our case. Moreover, as most of the software
used at the Oulu Fab Labs is free and open source, children can
download them for free. In general, it is possible to find a free
substitute for any needed software. Some software (especially
advanced CAD design tools) requires a considerable amount of
computational power that is not available on standard laptops or
computers. However, this is the case only for a minority of the
software we use, and that software can always be substituted by
something less demanding, by overlooking some of the advanced
(and generally more professional) features. Nowadays, many de-
sign software can be even run online without any installation.
For instance, for online CAD design we can use Tinkercad (www.
tinkercad.com) or Onshape (https://www.onshape.com/en/). The
only software that requires a paid license is the one neces-
sary to generate G-Code (language utilized to control automated
machines) or to operate and calibrate the digital fabrication ma-
chines. This software is used at the last stage of the design and
Making process, when utilizing those machines, which means it
needs to be placed in the computers in the Fab Lab. Therefore, the
children do not need to install it in their own computers. Thus,
in the initial phase of working, this is not a problem.

Supporting online 3D design work. In formal education, school-
children working at their school computers could receive support
and guidance from their schoolteachers, and in non-formal ed-
ucation, children could get help from other adults, for example
their parents at home. Screensharing and requesting or giving
remote control of the screen, that is available in most of the on-
line videoconference platforms, could be used for instructing and
advising. However, despite the opportunities many challenges
can be identified in online 3D design work of children. First of
all, getting started with design software, especially 3D design
software, as well as seeking for help online can be a significant
barrier for children (Hudson et al., 2018). Learning a new software
is challenging; it requires entering a new environment where

http://www.tinkercad.com
http://www.tinkercad.com
http://www.tinkercad.com
https://www.onshape.com/en/
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user’s existing knowledge does not apply (Lafreniere & Grossman,
2018). On top of that, the online environment is very different
from children’s familiar face-to-face learning practices. Moreover,
the level of experience with computers, the interface, similar
software and domain knowledge can all affect learning of soft-
ware use (Hudson et al., 2016). Lack of appropriate instructions
in learning a new software can also be problematic (Rieman,
1996). The involved adults can experience a lot of pressure and
a huge workload when trying to provide children with detailed
instructions to get started with learning the basics and principles
of a new software in the online learning environment, particu-
larly with younger children (e.g., 7-year-olds). One challenge is
also that the videoconferencing tools (such as Microsoft Teams
or Zoom) are primarily designed for adults and are thus not
necessarily so easy to use by children (Constantin et al., 2021).

2.2. Lack of access to digital fabrication equipment

With restricted access to the makerspaces, perhaps the biggest
hallenge in teaching digital fabrication to children is operat-
ng the digital fabrication machines after creating the software
odel. Although the machines are more and more affordable,

hey cannot yet be considered as consumer electronics devices,
nd hence, we cannot expect them to be available in most of
he schools or in children’s or teachers’ homes. Hence, if chil-
ren and teachers cannot access the fab lab premises, they most
ikely cannot operate the machines and hence fabricate objects.
herefore, we had to find alternative solutions. Fab Foundation
ffers a set of projects that can be done at home without the
se of digital fabrication machines such as a laser cutter, a 3D
rinter or a vinyl cutter (https://www.scopesdf.org/covid-19/). In
ddition to that, we identified two potential solutions for cases
ithout direct access to digital fabrication machinery: controlling
he digital fabrication machines remotely and learning to use the
achines through virtual reality (VR) simulation.

emote control of digital fabrication machines. All machines
n the Oulu Fab Labs are controlled by computers. Hence, it is
ossible to control those machines by remote controlling the
ttached computers. In addition to that, cameras are needed to
ee the status of the machines. For some tasks, however, presence
f a human operator in the working space is still needed; for
xample, adding the stock material for laser cutting, removing
he 3D printed piece before starting a new print job, and load-
ng/unloading sheet of material for vinyl cutting. With this kind
f arrangement, children would not follow precisely the same
teps as they usually do in the Fab Lab; however, at the end,
hey would have a real product that could be picked up from
he Fab Lab. We have tried this setup at the University Fab Lab,
ith relative success, with a CNC (computer numerical control)
recision milling machine. This machine uses a milling bit to
arve in a stock of material (e.g. wood) a 3D model previous
efined in software. We have used this machine to remotely carve
D models out of mechanical wax, and we are planning to try this
ut also with other digital fabrication processes and machines, for
nstance PCB (printed circuit boards) milling manufacturing and
D printing.
The main disadvantage of this solution is the need of a human

perator in-site. The operator should be able to do the required
anual operations and ensure the machine is working correctly.
he operator should observe the machine carefully for the haz-
rds that might possibly happen due to malfunctioning (e.g., fire).
ommunication between the in-site operator and the remote
earners might be challenging, especially if several learners are
tilizing different digital fabrication machines, and the operator
ust keep track of all of them. In addition, the operator must
eep a communication channel open with all remote learners,
3

for instance, to confirm to them that the machine is ready to be
utilized after the calibration.

One of the advantages of remote controlling of the digital
fabrication machines, however, is solving the challenges of time
needed for some digital fabrication processes; for example, the
current 3D printers often require a significant amount of time
to print an object of a reasonable size (Shewbridge et al., 2014).
Thus, the waiting time for the 3D printers to create an object is
one of the issues that usually frustrates children. Even when we
have assigned children other tasks to do during the waiting time,
they usually have not been able to concentrate on something else.
Instead, they often stay around the 3D printer, watching how it
works and constantly asking when it will finish the job. Remote
working with 3D printers and not being around the printer might
help reduce children’s frustration.

Simulating digital fabrication machine operation in VR. We
have not yet tested the idea of simulating machine operation
in VR, but we are working with that. A good VR model should
have a realistic 3D model of the machine, including a faithful
emulation of the user interface to operate the machine and a
realistic emulation of the machine’s basic functionalities. The
learners should follow the same steps in the virtual environment
to operate the machine as they would do in real life. This might
include also possible risks; for example, risk of fire with a laser
cutter, or risk of being hurt badly if you do not operate the
CNC router (a machine able to carve big stock of materials, for
instance, to create pieces of furniture) keeping adequate safety
distance. Creating the needed 3D models and the virtual envi-
ronment require a lot of time and resources, however. We are
currently building basic models for some of the digital fabrication
machines, but recreation of the whole Fab Lab environment will
require a huge amount of time. An obvious problem with a VR
solution is also that you do not get a product out of the process
and the materialization of the design in the physical form is one
of the key aspects of digital fabrication. The VR solution might still
be useful for learning to execute the digital fabrication processes
safely, even without close observation of a fab lab instructor.

2.3. Digital fabrication challenges in remote teaching mode

Challenges with teaching large groups online. We have real-
ized that remote teaching has more challenges than face-to-face
teaching, especially with large groups. Most of our digital fab-
rication classes are normally scaffolded using small hands-on
activities in which the learners need to solve problems by using
digital fabrication methods and tools. This usually requires imme-
diate feedback from the teachers/instructors in order to guide the
learners to the right path when they are not utilizing adequate
digital fabrication processes. In face-to-face teaching, it is easy
to track the work of the learners just by having a look to their
computer screen, even watching multiple computers at the same
time. This is almost impossible in online teaching, even when
the learners share their screens with their teachers/instructors.
We have been changing from one learner to another (or one
group to another), asking them to present their screen. This is
not an efficient method with many learners in the class. Hence,
we had to change the methodology; the learners were positioned
as the ones who had to ask questions when they were not able
to continue further by themselves. However, this situation can
also be problematic because the learners do not take initiative
for asking questions.

Difficulties in tracking the state of children’s work. In relation
to the previous point, we tend to have a very individualized
tracking of the students in the University Fab Lab. Most of the

education activities follow project-based learning pedagogy, with

https://www.scopesdf.org/covid-19/
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learners solving problems. Following this methodology, it is nec-
essary to track learners’ progress in order to give timely feedback
if the planned solutions are out of the scope or the learners do not
know how to continue. Usually, when the activity happens in the
face-to-face mode, the teachers/instructors see the development
of many student projects in parallel. However, in remote teach-
ing, the teachers/instructors need to define some tutoring hours
where each team can present their progress.

Remote working related challenges for children. Remote edu-
ation has been mainly utilized in the past with adults. Children
especially younger ones) generally have not been familiar with
t. We found children having difficulties in following instructions
nline, especially when concentration was needed during long
orking sessions. Our recommendation for the duration of an on-

ine digital fabrication or making session is approximately 40 min.
nother issue is that the online environment demands children’s
ctive participation and automatically shifts the setting towards
tudent-centred learning. When teachers/instructors’ feedback to
hildren is based on children’s presentation instead of teach-
rs/instructors’ visual observation of the situation, children need
o be able to reflect on what they have done prior their presenta-
ion. It can be challenging for children to monitor and reflect on
heir own performance, however (Hudson et al., 2018). Children
id not also always realize their need to seek help in our projects,
nd as the concept of digital fabrication is relatively new to
ost of the children, they also faced challenges in formulating

heir questions due to lack of terminology. Formulating questions
s mentioned as one of the main challenges for children in 3D
odelling as well (Chilana et al., 2018).

. Partly opening with hybrid teaching mode

In autumn 2020, the situation in Finland was so calm that it
as possible to open the Fab Labs for working. Both Oulu Fab
abs permitted access with strict restrictions. We developed a
ybrid teaching approach in which teaching of design software
nd principles for controlling the digital fabrication machines was
one remotely, while the students could come to the Fab Lab if
hey wanted to fabricate something. We created strict rules for
he Fab Lab access:

• Only two students and one Fab Lab instructor could be
present at the same time. We moved some of the machines
to a nearby room so we could have simultaneously four
students in our premises.

• Hygienic measures should be respected at any time inside
the Fab Lab premises: washing hands before accessing the
premises, cleaning the machine controllers and computer
keyboards after use using alcohol swipes, and keeping two
metres of distance between any person in the Fab Lab.

• Fab Lab machines should be booked beforehand. No free
access was allowed.

• Usage of computers in the Fab Lab was not allowed for
design purposes. Therefore, the users had to prepare their
design files and send them to an instructor to check and
ensure the files were correct and ready for the machine use
in the Fab Lab.

There were limitations in this approach, however. The setup
orks with a restricted number of participants, but it prevents

ace-to-face group work and makerspace community support. A
upportive social context for making and collaborative work in
igital fabrication activities is often important for achieving suc-
ess in the projects, and the social aspect of digital fabrication and
aking activities is emphasized in the literature (e.g., Vossoughi
Bevan, 2014; Grimme et al., 2014; Lee et al., 2017; Okerlund
4

& Wilson, 2019). The Fab Labs were only accessible to operate
the machines and with many restrictions without actual social
interaction. Nevertheless, we feel we managed to create a good
intermediate solution in the middle of the crisis.

4. Training teachers to instruct children — tips and tricks

We have had difficulties recently to recruit participants for the
different online workshops we have organized at the University
Fab Lab. Even though online courses offer more flexibility and
save time as there is no need to move to the workshop space, the
number of participants in the workshops has been going consid-
erably down. Our target group is mainly teachers who can take
the role of a facilitator and act as a proxy for instructors, similar
to Constantin et al.’s (2021) approach to designing online with
children during the pandemic. We assume that teachers’ level of
stress and fatigue caused by the pandemic is one of the reasons
why they have not been so keen on doing any extra activity
outside their teaching duties. We are exploring new solutions to
organize teaching activities to continue teacher training, hoping
that the new forms of learning would be both more appealing as
well as helpful to them.

We continue to opt for the hybrid learning with teachers. We
are planning and running online workshops where we present
different fab lab processes to the educators utilizing specific
themes (Halloween, Father’s Day, Mask fabrication . . . ). The idea
is to provide teachers with ideas for their classes and to introduce
the usage of key software and digital fabrication machines to
them so that they can then use those with children. These ac-
tivities are planned as a 3-step process, where the teachers learn
something new in every step:

1. We provide teachers with a video tutorial together with all
design files are used in the tutorial. In the video tutorials
(max. 10 min) we teach one digital fabrication process,
use of the needed software, and use of the corresponding
digital fabrication machine.

2. We provide the teachers an online workshop teaching the
same process. The idea of this workshop is to have a
feedback channel with the educators where they can ask
questions while they are performing the tasks.

3. We lend equipment to schools and provide support to
use them. Currently some of the schools need to come
to the Fab Lab because they do not have adequate digital
fabrication machines in their premises. We offer lending
some portable equipment (e.g., small 3D printers, vinyl cut-
ters or even laser cutters) and providing the schools with
one-to-one training to use the equipment (either online
or face-to-face). If teachers have any doubts about using
the equipment, they can ask a fab lab instructor either via
videoconference or in a face-to-face meeting. If necessary,
an instructor can be present to support the teacher when
they are using the equipment with children.

5. Supporting children and parents working at home — chal-
lenges and opportunities

Experimenting with remote support for children and their
parents at home. One possibility is to work with family groups
where parents, acting as proxies, support children’s work, as
is oftentimes the case also with online schooling during the
pandemic (Goagoses et al., 2020; Antle & Frauenberger, 2020).
Participation of parents as collaborators or proxy-instructors is
a valuable opportunity for continuing the digital fabrication and
making education. Fabricating some electronics circuits and em-
bedded programming are common activities done with children
and there are many commercially available kits with several
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online tutorials to choose from. We are considering providing
similar kits to our learners with a basic set of electronic com-
ponents, cables, and basic measurement equipment so that they
can start to build electronics at home, supported with remote
teaching. The idea is that the components can be easily brought
together, preferably without soldering, for example by utilizing
breadboards. Although we are opting mainly for commercially
available kits, such as e.g. BBC MicroBit or Arduino, we are also
considering fabricating some microcontroller boards and sen-
sor/actuator modules by ourselves in our fab lab. Those could
be distributed to local schools, or even fabricated by the schools
themselves if they have the needed tools for that.

Challenges with remote support for children and their parents
at home. We have encountered some challenges concerning au-
thority and power dynamics, where the parent takes over for the
child (Constantin et al., 2021, Antle & Frauenberger, 2020). For
instance, in our project, a 7-year-old child participant was not
able to comfortably work with the online setting and follow the
instructor’s guidance remotely. Therefore, his father was mainly
in charge of communicating with the instructor and making the
wire connections of the robot, based on the instructor’s detailed
guidance. The child was totally disengaged from the activity
and had no idea what was happening. Moreover, working with
family groups can also be time consuming for the organizers. For
instance, a family engaged in a remote training session, as their
making project was left unfinished due to the COVID-19 restric-
tions. Preparing for a one-hour online session with the family
took a couple of hours of the instructor’s time when the session
activity was very specific and predefined. Therefore, when orga-
nizing online activities for children at home, the activity should
be limited, structured, and tested by the instructor beforehand.
In order to be able to instruct a large group of children working
at their homes, children cannot be allowed to freely choose what
they would like to make. This is because many unpredicted prob-
lems, not solvable for the instructors remotely, can occur during
the session, and consequently the situation would get out of
control. This would result in children experiencing failure without
having a chance to achieve success, which could be discouraging
(Buehler et al., 2015). Thus, one of the great disadvantages of
remote instruction is the necessity to restrict children’s creative
freedom and opportunities for decision-making, which are impor-
tant values for children’s empowerment in digital fabrication and
making.

6. Research data collection — challenges and opportunities

The challenges in organizing the activities are one thing and
nother one is how to collect research data in the situation.
ome of our challenges were specifically digital fabrication and
aking related while some of them were more generally related

o collecting qualitative research data.

ow to find research participants. Recruiting research partici-
ants is usually a challenge even in typical situations, with the
andemic adding its own set of complexities (Constantin et al.,
021). We considered working with family groups as one way
o work more safely during the pandemic. However, partici-
ating children, and/or their parents, might not be comfortable
ith online-only or hybrid sessions. With online-sessions, par-
icipating families need to create a working space in the home
nvironment, which in the context of digital fabrication work
eans more than just sitting in front of the computer on the
ining table, as various software, hardware, and other tools could
e required. Thus, there is an overhead in setting up before any
nline session, unless the sessions are specifically for interviews,

urveys, or discussion for data collection. With hybrid mode,

5

where participants complete the design work online and visit
the fab lab premises for using the digital fabrication machines,
parents might not agree to visit the fab lab as they could prefer
to limit their child’s exposure to other persons outside of their
essential networks, such as schooling. Or then, given the changing
situation with the pandemic, various restrictions can be enforced
city-wide or a need for social distancing can appear, greatly
affecting the scheduling for physical Fab Lab visits. With such
uncertainty always looming at the back of their minds, parents
might prefer not to start new activities for their child during the
pandemic.

However, there can be a positive effect as well. With the
cancellation of many after school large-group activities, parents
might be interested in seeking out alternative after school activi-
ties that are conducted in small groups or with family groups, to
continue their child’s learning and development beyond formal
education. In our case, we had this experience, where more
participants and families answered our recruitment ad than we
were able to accommodate. Recruitment was done through per-
sonal networks of the researchers and with schoolteachers at an
International School, who announced the opportunity through
the school’s online system for parents and students. Since the
sessions were held in English, which is not usually the case
for such long-term studies in Finland, many immigrant families
who enrolled for the study also advertised it further within their
personal networks.

Data that can be collected online. Assuming children and fami-
lies have time and access to technology, there are still limitations
on what type of data can be collected of the digital fabrication
and making process, or the design process more generally, if
going online is the only option. Further, the quality and quantity
of data received from participants can vary widely (Kucirkova
et al., 2020). Requesting young children to write, draw, and/or
record and share data comes with its own challenges, and usually
implies that it is the responsibility of a parent, elder sibling,
another family member, or a caregiver to support the child with
such tasks. With older child-participants, such as teenagers, even
if they have access to computers and phones and are able to
share the data themselves, they might not be very inclined to
write, draw, or record in the first place. However, researchers
can still collect a rich variety of data through online interviews
and questionnaires, asking child-participants to reflect on their
experiences, performance, and also ask questions.

Regarding online questionnaires, or feedback, various tools
can be utilized to make the process engaging and easy. In our
study, we created a web-based application, where participants
could provide feedback in multiple ways and in their own time,
before, during, or after a session at the Fab Lab or at home.
The application supported feedback in text, pictures, videos, and
audio recordings, and the link was shared with all participants
and their parents, so that feedback could be provided anytime.
Participants were asked to fill in the feedback at least right after
the sessions, just before they packed up to leave the Fab Lab
premises. Participants created individual logins during their first
application use, and all data was stored to a protected online
database. Reminders were sent to the parents or point of contact,
to fill in the feedback in case families had to leave early from a
session or preferred to give feedback later on. This asynchronous
web-friendly data collection method worked well — there was
a very short learning curve in familiarizing with the application,
which was done together with the researchers in the first session.
The flexibility to provide feedback in multiple ways (picture,
text, video, audio) and at any time served the digital fabrication
and making process well. Further, data collection through web
or mobile based applications can be gamified with rewards and

badges and even a community Q&A or discussion forum can be
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created, to engage participants and build motivation for providing
feedback throughout the project work, whether participation is
online-only or hybrid.

Towards the end of the project, we also utilized videoconfer-
ncing. With videoconferencing, researchers can observe social
ues and behaviours during online working or interviews, rel-
tively similar to any physical face-to-face process. Most chal-
enges towards videoconferencing are software, hardware, or in-
ernet related. The child needs to have access to a device with
he needed videoconferencing software installed, and a decent
nternet connection is also required as a patchy network breaks
he communication flow causing a lot of frustration and stress,
ometimes making it impossible to continue. If the situation is
ne-to-many, with either many child-participants for a focus
roup discussion or group work, or with a family including a
arent–child pair, the researcher has to also moderate the power
ifferential and the variation in social acuity of the participants,
nsuring each participant is heard and can contribute (Kucirkova
t al., 2020). This can be especially difficult in an online scenario
here participants can be camera shy and conscious, and talking

n a group discussion means that their camera feed could be the
ain image flashing on everyone’s screens. However, previous

esearch shows that shy participants can still prefer virtual modes
f communication over face-to-face interactions, e.g., digital in-
erviews (Kucirkova et al., 2020) or written responses (O’Connor
Madge, 2001).

hallenges with online digital fabrication and making tasks.
hile collecting interview, survey, and questionnaire data is

airly doable online, collecting observation data or documenting
he steps of the digital fabrication and making process can be
ifficult and exhausting for the researcher. For mapping the
esign process or studying the challenges and their resolutions
uring hands-on making it can be difficult to position the camera
o that it shows both the workspace and the participant’s face.
t is doable with using multiple devices but that is not necessar-
ly very reasonable to request from the participants. Further, if
arents mediate the making activity, as in case of our work, the
nstructor did not have time to put effort on ensuring that the
hild is as engaged as the mediating parent. In the parent–child
articipant pair building a robot during a videoconference with
he fab lab instructor, we experienced that the parent was more
ngaged than the child. Further, they had a Zoom background
ctivated, which meant that the child or parts of the robot kit
ept fading in and out of the video feed of the instructor. For
esign tasks, screen sharing is possible and allows the instructor
o either guide step-by-step by sharing their screen or looking at
he participants’ shared screen. Yet, screen-sharing is not without
rawbacks. Often both screens cannot be shared at the same time,
hich would be possible in physically collated spaces. Sharing
ne’s screen often also hides the video feed of others, making the
xperience fairly isolating and confusing.
Considering asynchronous sessions, instructors can create and

hare do-it-yourself tutorials for both digital fabrication and mak-
ng tasks as well as instructions for how to record the working
rocess for data collection purposes. Child participants and fami-
ies have more flexibility in this process and can record and share
ideo or audio recordings, document their process, experience,
hallenges, and thinking aloud. Based on our experience, partici-
ants usually are not eager to spend time on providing reflection
s a post-activity; therefore, we suggest integrating this process
nto the activity as one of the steps to get their tasks done. This
ay a rich data set can be created for analysis. However, there is
huge dependency then on the children and families to share this
ata, and there could be delays (Kucirkova et al., 2020) or other
hallenges, for instance with sharing and storing large video files.

arents collecting data of their children. One way to collect data
uring remote synchronous or asynchronous digital fabrication
6

and making sessions is together with parents or caregivers, where
they step in as proxy-observers (Kucirkova et al., 2020). We have
not tried it out yet but have had plans for this, in case the pan-
demic prevents face-to-face data collection for an extended time
period. Surveys, questionnaires, design tasks, short reflections, or
storytelling could be used, but very clear instructions for how to
collect and record data should be provided, as otherwise there can
be an inconsistency in the richness of the data received based on
how the adult interprets the questions and response requirement.
As Kucirkova et al. (2020) note, some ‘‘parents followed [the] re-
quest to note down children’s verbatim responses’’, while ‘‘other
parents described children’s behaviour with rich adjectives’’. Most
times, in addition to children’s responses or rich descriptions of
those, parents mentioned also their own experiences. Thus, both
the quality and quantity of data received can vary considerably
when there is a dependency on non-researchers to collect data.
One way to deal with these challenges is to encourage parents
to collect data of their child’s maker activities mainly in the form
of audio and video, sending them devices such as video or audio
recorders (Kucirkova et al., 2020), and also lightly training them
as proxy-researchers.

7. Conclusion

In this paper we report and reflect on the challenges caused
by the COVID-19 pandemic in the context of children’s non-
formal technology education, more specifically in fab labs, and
identify strategies by which at least some of the challenges can
been overcome. We strongly believe that ‘‘the show must go
on’’ also during the times of pandemic, and maybe even more
so during it, to live our lives as fully as possible. The pandemic
alleviates the significance of the skills and competences in design
and technology. The situation also challenges us to view our
established ways of working with different eyes and opens up a
possibility to find new and useful solutions and practices that will
serve also in the future, not only in this situation.

We have identified various kinds of digital divides as pro-
hibiting children’s engagement in digital fabrication and making
activities during the pandemic, in remote or hybrid mode. Those
concern both access and ability to use different kinds of means
and tools associated with digital fabrication and making. Basic
access to computers has not appeared as a problem in our case
and 3D design activities can be relatively easily arranged online,
while the ability to use the digital fabrication tools might be an
issue for children. Access to the machines and ability to safely
use them are great problems. The same goes for offering children
support and scaffolding their learning during online activities.
Children may have difficulties in engaging in education online;
they may lack skills and abilities in general, not only relating to
digital fabrication and making.

To overcome the challenges, we have experimented with VR
and remote-control modes to offer access to the digital fabrication
machines. We have also developed training of teachers: we have
offered them online tutorials and workshops as well as equip-
ment and support in using them. Moreover, we have plans to
offer electronics kits for children to explore. We consider these
as valuable developments in offering children non-formal tech-
nology education during the times of the pandemic. We consider
teachers as highly significant actors here: in order to empower
the children as regards design and technology, we need to em-
power the teachers first. The child–computer interaction (CCI)
community has already recognized the importance of empower-
ment of children as regards design and technology (e.g. Iversen
et al., 2017; Kinnula et al., 2017) as well as the importance of
teachers in this quest (e.g. Sanchez Milara et al., 2020; Pitkänen
et al., 2020). The pandemic has emphasized further their role as
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enablers of children’s digital fabrication and making activities:
comprehensive schools have mostly remained open in Finland
during the pandemic, while many leisure-time clubs have been
closed.

We have also conducted research activities with children and
heir families during the pandemic. We identify issues as well
s positive developments in terms of participant recruitment
nd research data capture. We emphasize that in the future
CI researchers need to be prepared for more extensive online
ngagement in research activities with children and families. We
onsider parents another significant group enabling but poten-
ially also hindering children’s engagement in non-formal tech-
ology education. We need to figure out ways by which to reach
ut to the parents and families and enable their remote participa-
ion. We maintain that the entire CCI research community should
e more engaged in developing our research method repertoire
o include online methods for child and family participation to
iden our repertoire and to answer the changing circumstances.
e see this also as a possibility for CCI research to empower

hildren and their families with technology education and with
elping them to find hopefully enjoyable collaborative activities
o do together, as a family.
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