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Abstract. The aim of this research is to explore the contributions of
FabLabs in applied tertiary education (Bachelor University of Applied
Sciences — UAS), and particularly in the form of hybrid teaching modules,
combining academic subjects and maker experience. FabLabs can offer
services to the professors of various academic fields to reinvent their
teaching methodologies, incorporating making as a way to transmit
knowledge and enhance student engagement. We have also established
with higher education professors and lecturers in mind, the conditions for
the implementation of such modules in order to guarantee their success. A
pilot project has been conducted with occupational therapy students
consisting of a one-semester module of 30 periods, dedicated to developing
and prototyping in order to adapt toys and games to be used by children
with cerebral palsy of the spastic hemiplegia type. The FabLab was the
place where prototypes were made, but also where exchange, collaboration
and creativity were catalysed. Our observations showed that the students
developed three types of skills: technical (use of digital 3D CAD software
and machines), occupational, in the field of occupational therapy
(observation and analysis of the accessibility of the environment, solution-
oriented approach aimed at increasing occupational performance and
participation) and relational (creativity, agility, collaboration).
Commitment and pleasure of learning were present throughout the module.
The conditions for the success were the co-construction of the learning
experience by both the professors and the labmanagers in charge of the
FabLab, the establishment of a pedagogical scenario, and constant, open
communication between them.

1 Introduction

In the context of a fast evolution of teaching methods, we propose to explore a promising
field of pedagogical innovation that is currently opening up: the creation of conditions
favourable to the emergence of competences for students at Bachelor or Master level,

* Corresponding author: jerome.mizeret@he-arc.ch

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



ITM Web of Conferences 41, 03003 (2022) https://doi.org/10.1051/itmconf/20224103003
1ESS 2.2

thanks to collaborative and open places such as FabLabs or makerspaces, and through a
project-based learning (PBL) approach. FabLabs (contraction of Fabrication Laboratory)
are places open to the public that provide digital tools and machines (3D printer, laser
cutter, electronic components, etc.) for the designing and making of artefacts and
prototypes. They attract designers, architects, engineers and artists as well as students,
citizens and companies. They are thus places for meeting and collaborating on various
projects, promoting the exchange of experience and skills between users, while benefiting
from the support of a lab manager.

This work is part of a research project in Pedagogical Innovation funded by the
University of Applied Sciences of Western Switzerland (HES-SO), which aims to explore
the use of third places as pedagogical services and their role in the development of skills. In
the course of this study during the year 2019, three pilot projects were carried out with
different student populations. This article reports on one of these projects, which took place
at the Haute Ecole Arc (HE-Arc) and more precisely in its FabLab, with occupational
therapy students from the Haute Ecole de Travail Social et de la Santé de Lausanne
(HETSL), both of which are part of the HES-SO. We are therefore in a cross-domain
context, which adds complexity but also opens the benefits to a larger audience.

Our approach is both very promising and delicate to implement, as it must combine two
aspects that are difficult to reconcile. On the one hand, the aim is to give a central role to
students, allowing them a great deal of autonomy of action, exploration, experimentation
and collaboration. This is the typical mode of action of makers (term defined below). On
the other hand, in tertiary education and especially in UAS that have a strong vocational
component, professors/lecturers should be able to ensure that the requirements in terms of
learning outcomes are met and assessed [1-3]. These two rather opposite constraints can
create significant tensions in terms of the nature and intensity of supervision [4].
Understanding the conditions under which a maker-based teaching module is delivered is
therefore important.

The first section of this paper will present the background, i.e. previous work by various
authors in the domain, starting with a strong statement by Dale Dougherty, the founder of
the journal Make, a ubiquitous reference publication for makers. The two following
sections (3 and 4) describe the concept we want to implement, a hybrid module combining
an academic Bachelor course with a practical maker experience in a FabLab, and our
approach to do so. The practical part includes the observations made (section 5), the
discussion around these observations (section 6), and finally a conclusion (section 7).

2 Background

The contribution of FabLabs and makerspaces is studied in the literature particularly for
primary and secondary education, see for example [5], but also for tertiary education. In
various papers, Dale Dougherty presents a major aspect of the dynamic that FabLabs and
makerspaces help to create, which he calls the maker mindset [6]. As he puts it, this
mindset is characterised by the fact that makers “play with technology to learn about it. A
new technology presented an invitation to play, and makers regard this kind of play as
highly satisfying. Makers give it a try; they take things apart; and they try to do things that
even the manufacturer did not think of doing”. This is known as hacking, in the original
sense of diverting an object from its original use. “Like artists, makers are motivated by
internal goals, not extrinsic rewards. They are inspired by the work of others. Most
importantly, they do not wait until the future to create and make. They feel an urgency to do
something now— or lose the opportunity to do it at all”. Dougherty then adds “We can
create a workshop or makerspace, and we can acquire tools and materials, but we will not
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have succeeded at creating innovative thinkers and doers unless we are able to foster a
maker mindset”.

The objective of offering maker modules is therefore to create the conditions of
emergence of this state of mind and the personal and relational skills (soft skills) that come
with it. They include: creativity and the ability to work in a problem-solving mode, agility,
collaborative spirit and exchange of information, interdisciplinarity and a systemic
approach, autonomy, co-construction and co-learning, commitment and the pleasure to
learn [1, 3, 7-10]. The importance of these skills is growing in the era of digitalisation and
thus of the automation of many jobs [11-13].

It should also be noted that this maker mindset is naturally present in individuals at
varying degrees. To be successful, the training module should therefore adopt design
strategies that allow as many students as possible, regardless of their predisposition, to
benefit from them. Different levels of skills must therefore be able to coexist in a maker
module, which can suit both the most agile and the non-experts [4, 14].

3 Concept

We have identified three possible approaches. In the first configuration, the maker module
is offered per se, i.e. the participants will have training on the different equipment and a
maker experience, without any other pedagogical purpose. For example, the Hogeschool
Rotterdam (Rotterdam University of Applied Science) offers block course modules of
different durations (from one day to several weeks) to their students, whatever their
curriculum. They enrol to discover digital fabrication (laser cutter, 3D printer, vinyl cutter,
etc.) and the programming of electronic components based on Arduino or microbits [15,
16]. In another case, the universities of Cergy-Pontoise and of Belfort-Montbéliard
(UTBM) offer training courses to become FabLab managers [17]. In these cases, the use of
the FabLab is both the means and the end [18].

Regarding the other two approaches, those we have chosen to explore, the assumption is
that the pedagogical contribution of FabLabs is increased when the experience is linked to a
specific academic course that is part of the cursus and contributes to the profile of
competences. This requires a careful articulation between the maker world and the subject
taught, which can be established either when the professors/lecturers are makers themselves
- this approach was implemented in another pilot project also part of this research (and as
well as in Rotterdam where the modules described above are open to the teaching and
administrative staff); or by a close collaboration between the professors/lecturers and the
lab managers so as to supervise the students together (case reported here).

Combining an academic subject to the maker module, and thus turning it into a hybrid
module, allows for three types of skills to emerge simultaneously. Firstly, the personal and
relational skills, as described above. Secondly, the technical skills linked to the
appropriation of the manufacturing and prototyping technologies found in FabLabs (3D
CAD modelling and printing, electronics, sensors, etc.). These are specific technical skills,
but their scope and importance increase with the evolution of technologies. In particular,
3D CAD modelling, previously accessible mostly to design engineers or designers, can now
be seen as a new form of digital literacy, likely to be used by, and within reach of, the
largest number of people. Thirdly, the professional skills linked to the specific course
subject and activated during the project. In the case of this study, it was to design a toy or
game adaptation for children with disabilities (occupational therapist profile), but in other
cases it may be to develop skills in architecture [8], medicine [7], engineering [19], design
[3, 15, 20, 21], an artistic branch or even a writing workshop [1]

Our research objectives are therefore as follows. Firstly, being an exploratory project,
our intention is to observe and map the functioning of a hybrid module as described above,
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in the specific case of non-engineering students. Secondly, we wish to understand the
conditions for the success of such a module, in particular with regard to the relationship
between the professor’s field of action (academic subject) and the FabLab.

4 Approach

This article relates the experience of an elective course, offered during the third and final
year of the Bachelor's degree in occupational therapy, with the objective of 1) adapting toys
and games for children with cerebral palsy (CP) of the spastic hemiplegia type; 2) modify
toys and games to improve its accessibility for any child based on Universal Design
principles, and therefore enabling students to develop specific skills for the future practice
of their profession.

The students had previously acquired theoretical knowledge about the assessment of
children with CP according to the MACS manual ability classification system [22], of play
objects with the TUET toys and games usability evaluation tool [23] and how to help them
in everyday tasks, which includes the adaptations of objects. The theory is therefore in
principle already known and will be put into practice. The course consists of 30 teaching
periods and 30 hours of independent work, for a total of 2 ECTS.

The teaching covers the discovery of 3D CAD modelling and printing, a section of the
innovation approach known as Design Thinking [24], and finally a challenge to be
undertaken (design, prototyping, evaluation and presentation). A part of the module is given
at the HETSL premises by the labmanager and the other at the HE-Arc FabLab in
Neuchatel.

The course unit has been evaluated for the purposes of the research, and in order to be
able to reproduce it in other situations / areas and to make it evolve. Several types of
information were collected from different audiences at different stages of the project. At the
beginning of the module, an interview was conducted with the HETSL professor, and a
"pre-workshop" online survey was sent to students (100% response rate). During the
workshops at the FabLab, ethnographic-type observations were carried out. At the end of
the module, an online “post-workshop” student survey (91% response rate) and an
interview with the HETSL Professor were conducted again. In addition, a large amount of
information was collected by the various stakeholders throughout the process, apart from
the systematic actions described above.

The program of the course unit is presented in Table 1. A first session (stage 1) presents
the objectives, the programme, the practical organisation, the project objective and the toy
or game to modify according to the manual abilities of a child with CP. The project groups
were formed: eight female and three male students enrolled and were placed into three
project groups of three to four people. Each group was given a different toy or game to
adapt for the same child. In this way, the groups are not in competition, but could rather
support and help each other.

The work began with an ideation phase (stage 2), i.e. creativity and thinking on the
proposed problem, in project groups. This work preceded the visit to the FabLab, so as not
to bias the ideation work. Indeed, it would be counterproductive to let the technology
influence or restrict the creative vocational work. The fictitious patient must remain the
focus of the thought process at this stage. The work in this phase is autonomous (in groups),
but tutor sessions have been arranged and used by the students.
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Table 1. Module description (in italics the autonomous work).

Stage Time and place People involved
1. Introductory session: presentation of the 2 periods Professors from
programme and organisation HETSL HETSL and HE-
Arc
2. Ideation phase: Reflection on the problem and 4 periods Autonomous
development of ideas
Tutor session HETSL professor
3. Visit to the FabLab: training on the machines and 4 periods Labmanager,
introduction to Design Thinking FabLab HE-Arc Lecturer Design
Thinking
4. 3D modelling training 8 periods - Labmanager
HETSL
Design and development 14 periods Autonomous
5. Prototyping FabLab 1 4 periods Labmanager
FabLab HE-Arc
2 periods Autonomous
6. First report - formative evaluation 2 periods Professors from
HETSL HETSL and HE-
Arc
7. Second cycle: modelling and prototyping 8 periods Labmanager
(adaptation / modification of the initial prototypes) FabLab HE-Arc
Design and development 10 periods Autonomous
8. Second report - graded 2 periods Professors from
HETSL HETSL and HE-
Arc

Then there was a first visit to the FabLab (stage 3), not to build prototypes, which
would be premature at this time of the process, but to discover the place and receive
training on the two main machines intended to be used at a later stage (laser cutter and 3D
printer) as well as on the proposed Design Thinking methodology. The idea behind
discovering these tools is to open up minds, enhance creativity, and become aware of new
possibilities for making and prototyping.

Next, a two four-period training session on a 3D CAD modelling tool followed (step 4).
Mastering such a digital tool is essential for the prototyping phase that follows, and will
also be an asset throughout the future professional life of the students. During this period of
time, the autonomous ideation and design work continues.

The first making workshop at the FabLab follows (step 5), during which the groups
produce mock-ups (loose prototypes) of their design ideas or even a working prototype.
This artefact is then presented in front of the professors and labmanager (step 6). This
evaluation is essentially formative and closes a complete design cycle. The whole class
attends the presentations of all the groups, thus encouraging the transmission of information
and horizontal peer-to-peer observations. Discussions are held to determine which
directions to orientate the work.

A second cycle follows (steps 7 and 8), during which the design cycle is run through a
second time (ideation, design, prototype, evaluation) with a slightly modified challenge.
Starting with the same toys and games, the aim is this time not to adapt the objects in a one-
off way for an identified child, but to propose modifications to the manufacturer so as to
meet the requirements of universal design from the outset and so that the toys and games
can be used by any child, with or without disability. This was followed by four more
periods of 3D CAD modelling training and workshops in parallel with independent
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ideation/design work. Finally, a second workshop in the FabLab was proposed to make a
more complete functional prototype, which was then presented to the same audience as in
step 6, this time graded.

5 Observations

At enrolment, the students had little knowledge/awareness of FabLabs. At most, some had
heard of them (3 out of 11), but none had ever entered one or used the machines there. The
perception of what a FabLab is was nevertheless generally correct (a place where
equipment and tools are made available / which encourages innovation in a collaborative
mode / where you meet people of all profiles who come to carry out a project), although
there were biases concerning the belief that they had only 3D printers to the exclusion of
other digital manufacturing machines, and that one can have parts made there
(subcontractor mode). Nevertheless, it should be noted that almost everyone had already
made an object by themselves, either in autonomous mode or according to a procedure.

The observations made during the workshops in the FabLab showed that the autonomy
of action increased throughout the module. At the beginning, the information was
essentially transmitted vertically top-down from the labmanager to the students. However,
this gradually became more and more horizontal over the course of the semester (mutual
aid, questions, exchanges, including from one group to another). This empowerment is an
evidence of the acquisition of knowledge and its incorporation. The very first experience in
a FabLab is always difficult for the students, as they are confronted with a large number of
new aspects (environment, machines, material, makers) in a short time. From the second
day onwards, however, the students start leaving the "novice" level, take initiative and even
go so far as to inform other groups about this or that point which they have mastered.
Curiosity towards new materials, techniques and methods is also growing.

One group spontaneously made partial prototypes to test a hypothesis, which is an
approach taught in prototyping courses and is good practice, while another group "pivoted",
i.e. completely reoriented their thinking, on the advice of the professors, following the fact
that the proposed solution turned out to be impractical at the time of the first presentation.
This demonstrates that the students have assimilated the role of prototyping in a design
process.

Throughout the unit, there was a high level of commitment from all students (no drop-
outs or absences despite the travel time). One student also made a personal object in
addition to the required work, taking advantage of the equipment available.

At the end of the module (second report, graded), we see that the complex technical
tools (3D modelling, 3D printing, 2D modelling, laser cutter) are acquired at an
intermediate level, i.e. the students know the principles, the operating modes and the main
technical aspects. They are of course not at the level of engineer or design students, for
whom these elements constitute the basis of their cursus. Nevertheless, those who want to
continue to train in this direction can do so on their own (software) or by attending a
FabLab or a makerspace. They have acquired enough skills to be autonomous and to further
develop their art of using these tools. Those who feel less comfortable or who do not want
to go further on their own have acquired knowledge to interact effectively with a
professional in the field (e.g. design engineer) and to draw up specifications, communicate
their needs and validate a development. The methodological tool (Design Thinking) is
acquired at the beginner level. The rudiments of this practice may not make them
autonomous, but nevertheless allow them to understand the process and to work effectively
with professionals in the use of these tools if the situation arises in their future career.

The vocational skills in adapting objects for people with disabilities (Figure 1) were
employed, self-assessed by the students, and then graded by the institution. The two
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reporting sessions allowed not only for a formative evaluation (first report) and a
summative evaluation (second report), but also for group discussions with feedback from
peers (professors and colleagues). The evaluation criteria focused in particular on the
organisation and management of the group work, the understanding and application of 3D
CAD modelling principles, and the interest and relevance of the toy or game adaptation.

Fig. 1. Example of a toy adaptation: vegetable holding tool to facilitate cutting. On the left picture,
the original toy is displayed. On the right picture, we see the modification proposed, in the form of a
handle and a positioning pad that hold the fruit to cut. The left object in the right picture is the result
of the first iteration; after the formative evaluation, the student embarked into a second design
iteration, which lead to the object on the right.

6 Discussion

The skills of teamwork and creativity in groups were validated beyond what had been
imagined: the collaboration went beyond the group structure, with cross-help between the
three groups. A comment from the post-course survey states: “overall I enjoyed this module
immensely, collaboration with students from another profession would be even more
rewarding (e.g. physio, engineer, designer, etc.)”. The notions of commitment and curiosity
were clearly present, as shown by the comments on the aspects that were particularly
appreciated: “The fact of being free in the 3D modelling of our prototype and to print what
we wanted / The creativity and the concrete realisation of an idea / Discovering new
resources and reference persons / The innovative aspect”. Several students commented on
their experience at the end of the project, mentioning that they were happy to have learned
about the existence of the FabLab Neuchatel and of the network of FabLabs in western
Switzerland. They now plan to use them in their future professional activities.

Engagement and level of commitment was at a high level, as shown by the very fact that
students started to teach each other. It is a clear sign that they reached a certain level of
expertise. One instructive comment from the post-course survey sums up the concept of this
pilot project. This person appreciated “the fact that they were developing knowledge that
remained in the field of occupational therapy, but which was not "full theory" like most
modules. Here we go off the beaten track, we are interested in the world of today and we
acquire knowledge that is right up-to-date. This module gave me the impression that I was
part of today's society and that I wasn't always stuck in our theoretical courses [...]”.

This teaching unit also taught us that the collaboration between the professors/lecturers
and the labmanagers is very important. The FabLab should not be seen as an entity to
subcontract parts of the course. On the contrary, it must be integrated into the course in a
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very subtle way so that it forms a whole. In this pilot project, this aspect worked well and
was a guarantee of success.

The time available was sufficient to experience the process, although a third workshop
in the FabLab would have been ideal, as the student survey showed. Seven out of ten
respondents expressed the wish to have a third session at the FabLab to further improve on
some points, and one out of ten would have liked to have had more time during the
prototyping sessions.

The principle of following the design cycle (divergent process aiming at imagining the
maximum of solutions in brainstorming mode, followed by a convergent phase of making
and prototyping) twice was essential, as we found that after one cycle only the concept of
iteration is not yet assimilated, but rather understood as a linear process with no possibility
of going back. Furthermore, not all of the FabLab potential is perceived and apprehended
during the first cycle. For instance, the idea of using partial prototypes for validating certain
hypotheses before the production of a complete proof-of-concept prototype was not yet
acquired. The second cycle helps to establish these skills and gives students more
confidence in their agile capacities as innovators. This is exemplified by the two objects
shown in the right picture of Figure 1. The left object in the right picture was produced
during the first iteration: all the elements are present, but the design and ergonomics are not
optimal, as shown when tested during the formative evaluation: risk of tilting, weakness at
the connection between the handle and the plate, slippery plate, etc. The second prototype
on the right of the right picture, however, done during the second iteration is more complete
and functional. It also includes humorous features such as the eyes and mouth to make it
look more attractive for children, with or without cerebral palsy (CP); this can be seen as a
sign of confidence of the designing team.

The collaboration between the professor and the labmanager is crucial to establishing a
good pedagogic scenario. It is of course time-consuming and depends mostly on the agility
of both and on the willingness of the professor to alter its relationship with the students to a
more horizontal supervision. Under these conditions, and if done at the design level of a
new course, the preparation time for the professor is not significantly different from that of
a standard course design. In the case of an existing course, this of course imply a redesign
and therefore an added preparation time for the first occurrence.

7 Conclusion

This project has addressed the two research objectives mentioned in the introduction,
thanks to the observations made during a complete teaching unit of 2 ECTS, developed
between two HES-SO universities for occupational therapy students at Bachelor level.
Firstly, the observations validate the interest of offering hybrid maker modules to non-
engineer students. The specific degree of skill acquisition cannot be fully assessed in an
exploratory study, but we were able to observe the typical traits of the maker mindset in the
three fields mentioned. In terms of soft skills, we observed intra- and inter-group
collaboration, enthusiasm and personal commitment, entrepreneurial mode, creativity and
lateral thinking. On the level of technical skills, we observed an increasing empowerment
around the use of digital manufacturing machines, the acquisition of relatively complex IT
tools (3D CAD modelling, vector drawing) and the positive experience of an innovation
methodology. Finally, in terms of occupational therapy skills, students were able to apply a
solution-oriented approach aimed at increasing occupational performance and participation.
Secondly, we have learned that the successful operation of a hybrid course-maker
module depends above all on the effective collaboration between the professors and the lab
managers, and on the trust developed between them. The FabLab and its lab managers are
more than simple service providers, they actively contribute to the skills acquisition, but
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also transmit the values of the maker approach. Most of the work takes place in a third
place and therefore outside the usual teaching framework. The professors/lecturers must
remain involved, attentive to the progress, either by their presence on site or by tutoring
hours to accompany the process, and in any case by frequent and open communication with
the labmanager.
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