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Digital Making in Educational Projects

ALEJANDRA Bosco*', NOEMI SANTIVERI> AND SUSANNA TESCONT?

~> Digital Making as an Educational Project is an innovative educational
experience that has been carried out with students of the Primary Edu-
cation and Social Education degrees for three consecutive years. The ex-
perience introduces digital making as an activity in which students cre-
ate an object using digital technology. In the process, they not only gain
an insight into how the technology works, but also learn the content
and competences of the curriculum. This innovative teaching practice
was carried out as action research in order to improve traditional higher
education practices. In this sense, the proposal puts the student at the
centre of the process as the author and protagonist of their own learning
process. The experience is based on their own interests: they decide what
to make based on a given context. The students work in groups and look
for what they need to learn to overcome a particular challenge, while the
teacher supports the process as a facilitator, offering guidance and re-
sources when necessary. The evaluation of the whole process is regulated
via a group diary (a shared online document) and an individual diary (a
blog) that the students produce. The final evaluation is not only of the
printed product; the students also produce a video in the form of story-
telling, in which they explain how the process evolved from the initial
idea to the final impression of the object. They also reflect on what they
have learned, how teamwork has worked and what possibilities they be-
lieve digital making offers in the primary and non-formal educational
contexts in which they will work. All of the processes are compiled in the
students’ blogs, as well as in the teachers’ field notebooks. The experi-
ence was executed in collaboration with the Digital Fabrication Centres
of Barcelona. The results were organised to highlight the strengths and
weaknesses of using technologies to improve higher education offering
an approach in which students are at the centre of the whole process.
Strengths: strong student motivation, promotion of self-directed and
collaborative learning and learning by doing, and familiarisation with
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52 DIGITAL MAKING IN EDUCATIONAL PROJECTS

a transforming integration of technology as protagonists. Weaknesses:
hesitance and resistance to facing the challenge, management of scarce
time, large time investment by the teachers, and the difficulty of achiev-
ing in-depth reflection on how digital fabrication could be introduced in

educational contexts such as primary school and non-formal contexts.

Keywords: educational innovation, ICT, making, autonomous
learning, collaborative learning
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Digitalno ustvarjanje v izobrazevalnih projektih

ALEJANDRA Bosco, NOEMI SANTIVERI IN SUSANNA TESCONI

~> Digitalno ustvarjanje kot izobrazevalni projekt je inovativna
izobrazevalna izkusnja, ki jo Ze tri leta zapored izvajamo s $tudenti
smeri osnovnega in socialnega izobrazevanja. Izkusnja uvaja digitalno
ustvarjanje kot aktivnost, v okviru katere Studentje ustvarijo predmet s
pomocjo digitalne tehnologije. V tem procesu ne pridobijo le vpogleda
v to, kako tehnologija deluje, ampak usvajajo tudi kurikularne vsebine
in kompetence. Z namenom izbolj$evanja tradicionalnih visoko$olskih
izobrazevalnih praks je bila ta pou¢evalna praksa izvedena kot akcijsko
raziskovanje. V tem smislu predlog postavi $tudenta v sredi$¢e proc-
esa kot avtorja in nosilca lastnega u¢nega procesa. Izku$nja temelji na
njihovem lastnem interesu: sami se odlocijo, kaj bodo naredili glede
na dani kontekst. Studentje delajo v skupinah in ugotavljajo, kaj se
morajo nauciti, da lahko presezejo dolocen izziv, medtem ko ucitelj
postopek podpira kot spodbujevalec ter po potrebi nudi usmeritve
in vire. Evalvacijo celotnega procesa usmerjata skupinski dnevnik
(skupni spletni dokument) in individualni (blog) dnevnik, ki ju ust-
varjajo Studentje. V okviru koncne evalvacije ni ocenjen le natisnjen
produkt, ampak tudi videoposnetek v obliki pripovedovanja zgodbe, v
kateri $tudentje pojasnijo, kako se je proces razvijal od zacetne ideje do
konénega vtisa predmeta. Studentje prav tako reflektirajo o tem, Cesa
so se naucili, kako je potekalo skupinsko delo in o moznostih, za ka-
tere verjamejo, da jih ponuja digitalno ustvarjanje v osnovnosolskem
in neformalnem izobraZevalnem kontekstu, v katerem bodo delovali.
Vsi procesi so zbrani v $tudentskih blogih pa tudi v uciteljevih teren-
skih zapiskih. Izku$nja je bila izpeljana v sodelovanju z Digital Fab-
rication Centres iz Barcelone. Rezultati so bili organizirani tako, da
so poudarili prednosti in slabosti uporabe tehnologij za izboljsanje
visokoSolskega izobrazevanja z omogocanjem pristopa, v katerem so
Studentje v sredis¢u celotnega procesa. Prednosti: visoka motivacija
$tudentov, spodbujanje samousmerjajocega, skupinskega ucenja in
ucenja z delovanjem ter seznanjanje s transformativno integracijo teh-
nologije kot protagonistke. Slabosti: omahovanje in odpor do spopri-
jemanja z izzivi, upravljanje z omejenim ¢asom, velik ¢asovni vlozek
uciteljev in tezave pri doseganju poglobljenega premisleka o tem, kako



54 DIGITAL MAKING IN EDUCATIONAL PROJECTS

bi lahko digitalno izdelovanje vpeljali v izobrazevalne kontekste, kot sta
osnovnosolski in neformalni.

Kljuc¢ne besede: inovativnost v izobrazevanju, IKT, ustvarjanje,
avtonomno ucenje, skupinsko ucenje



C-E-P-S Journal | Vol.9 | N°3 | Year 2019

Justification of innovation:
Digital making as an educational project

The integration of technology into educational contexts in Catalonia
and the rest of Spain has been dictated more by the purchase and introduc-
tion of artefacts than by the development of educational innovations aimed at
improving education. This has also occurred in the international context. Many
studies show that, despite the increase in technological resources in schools, the
pedagogical practices of teaching staft continue to be anchored in so-called tra-
ditional education. There are few experiences and projects that lead to an im-
provement understood as the establishment of a pedagogy linked to new ways
of creating knowledge and offering students and the group greater protagonism
when learning (Area, 2008, 2011; Balanskat, Blamire, & Kefala, 2006; Bosco
Paniagua, Larrain Pfingsthorn, & Sancho Gil, 2008; Bosco, Sanchez-Valero, &
Sancho, 2016; Condie & Munro, 2007; Cuban, 1993; Meneses, Fabregues, Jacov-
kis, & Rodriguez-Gomez, 2014; Sancho, 2006; Sancho & Alonso, 2012; Sigalés,
Momind, & Meneses, 2007; Sigalés, Momino, Meneses, & Badia, 2008).

Nevertheless, some of the technological resources that could be consid-
ered tendencies today, such as robotics and programming, increased reality,
open educational resources or the social web, are perfectly compatible with
supporting this type of educational innovation. This is also true of digital fab-
rication or making, on which the innovative educational experience presented
in this paper is based.

Although making and the DIY philosophy on which it is sustained are
very complex social phenomena that affect different spheres of social and eco-
nomic life (Tesconi, 2018), the ideas and practices that characterise them are
very significant for those interested in the creative integration of technology
in educational contexts, linked to active pedagogy and promoting self-directed
learning based on investigation.

More specifically, the maker movement (making or maker culture) re-
fers to a growing number of people who mainly share an interest in making
things themselves (DIY), in the use of digital tools to create objects, and in
sharing and collaborating online around these questions. The maker culture
emphasises learning through working in a social atmosphere, on the web and
motivated by self-production (Dougherty, 2013; Halverson & Sheridan, 2014;
Martin, 2015; Tesconi & Arias, 2015, Tesconi, 2015, 2017, 2018).

The basic infrastructures that enable the development of the maker cul-
ture are fablabs, makerspaces and virtual communities, together with a series of
technological tools including both software (e.g., 3D design programmes) and
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hardware (e.g., 3D and laser printers), which enable the design and finally the
physical creation of the objects, respectively. Although digital fabrication refers
more to the tools used for creating objects, and making more to the interper-
sonal dynamics that allow the construction of joint knowledge, both are two
sides of the same coin.

In recent years, the spread of rapid prototyping tools (a technique used
to manufacture articles via 3D printers) and digital manufacturing laboratories
(Fab Labs: Fabrication Laboratory), which facilitate the design and construc-
tion of objects, has given rise to a movement to democratise technology. It is a
movement that is also making its presence felt in formal and non-formal educa-
tion through various programmes, some linked to the integration of robotics
and programming, whose presence has been gradually increasing in education
since at least 2012 (Accién Cultural Espanola -AC/E-, 2015; Orange Founda-
tion, 2016; Informe Intef, 2018). In particular, in the last five years in the USA,
educators have taken an interest due to the high failure rate in the spheres of
science and technology. More specifically, in 2012, the Obama administration
launched a programme to implant these spaces (fablabs or makerspaces) over
the subsequent four years in more than one thousand schools, providing them
with suitable tools for digital making (Orange Foundation, 2016). Initiatives
based on the maker philosophy have also begun to be implemented in the
Spanish State, in the spheres of both formal and non-formal education, leading
to programmes aimed at diverse groups of children and young people, devel-
oped by public and private institutions. Some examples of these initiatives in
the Spanish State are: 1) The fabLab of the Liceu Politécnic of Rubi (Province of
Barcelona) of the FabLab@School initiative promoted by the Transformative
Learning Technologies Lab of the University of Stanford, which proposes the
creation of a FabLab in each school as a learning resource. The Liceu Politecnic
offers digital fabrication and maker-centred learning environments for middle
and high school students. Since 2014, the project has involved approximately 8o
students and 4 teachers. 2) The Young Aspies Makers, a result of public-private
collaboration aimed at young people with Asperger’s, who develop 3D printing
projects to improve the autonomy of disabled persons (Barcelona). This project,
started in 2015, has had three editions of the two-week workshops, involving 30
students aged between 15 and 18. 3) The digital making workshops for young
people of Xtreme, a non-profit association in Almendralejo (Extremadura),
where an after-school programme aimed at raising the awareness of digital
fabrication technology has been implemented. 4) AuLAB, in Asturias, the re-
sult of collaboration between the public art centre LABoral Centro de Arte and
the local education ministry. It is the first implementation in the Spanish State
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of digital fabrication and making in formal educational contexts. The project
took place from 2012 to 2016 and involved 72 public schools (from primary to
secondary), 45 teachers and 285 students over a nine-month period (Orange
Foundation, 2016). In addition, the Digital Fabrication Cultural Centres in the
city of Barcelona, with which we have collaborated in this experience, have a
pedagogical programme aimed at bringing digital manufacturing and making
to schools.

More specifically, in the words of Martin (2015, p. 31), we can say that
making refers to “A class of activity focused on designing, building, modify-
ing, and/or repurposing material objects, for playful or useful ends, oriented
toward making a ‘product’ of some sort that can be used, interacted with, or
demonstrated. Making often involves traditional craft and hobby techniques
(e.g. sewing, woodworking, etc.) and it often involves the use of digital tech-
nologies, either for manufacture (e.g. laser cutters, CNC machines, 3D printers)
or within the design...”

Dougherty (2013) synthesises make culture as: 1) A human activity origi-
nating from an individual interest in wanting to create an object, environment
or system that is important for the person who creates it and/or for their en-
vironment. The driving force behind it is a ludic attitude, while the maker is
a person who plays with technology to learn about it. 2) An activity that pro-
motes a positive attitude towards the acquisition of knowledge. The motivation
generated by personal interest and free choice encourages the learning of the
skills and know-how needed to continue creating. The apprentice is responsible
for and chooses his/her own learning path. 3) An activity that values mistake-
making as a fundamental resource, capable of activating new learning process-
es; and 4) A highly collaborative activity based on sharing ideas and projects, as
well as on supporting others in their creative processes.

All of these characteristics mean that making is an ideal practice for those
who want to promote the educational improvement mentioned above; in other
words, starting from the DIY philosophy, promoting authorship, digital compe-
tence based on production rather than the mere consumption of information,
creativity, self-directed learning, and working from the genuine interests and
investigations of the students themselves (Buckingham, 2003; Blikstein, 2013;
Hsu, Baldwin, & Ching, 2017; Peppler, Halverson, & Kafai, 2016). On the other
hand, these are actions sustained by what we know about how to learn better if we
want to promote competent subjects for 21% century society (Bosco et al., 2008;
Hernandez, 2006; Stoll, Fink, & Earl, 2004). With this in mind, making can be
considered an educational practice based on investigation (Vossoughi & Bevan,
2015), compatible with working through projects and collaboration.
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This philosophy is what gives sense to the experience of teaching inno-
vation presented in this article, for which we provide the context and the main
characteristics in the following sections.

Contextualisation of the experience

The experience of innovation, Digital Making as an Educational Project,
was undertaken in the subject Educational Communication and Interaction II,
which is a basic training subject of the first year for teacher training degrees in
Infant and Primary Education, Social Education and Pedagogy of the Faculty
of Education Sciences at the Autonomous University of Barcelona. The major-
ity of students enrolled in this subject are between 18 and 20 years old. The
subject has six credits and is divided into two clearly differentiated thematic
blocks: Technologies of Learning and Knowledge, and Groups and Emotions.
One of its main objectives is to develop skills for the use of information and
communication technologies at the service of learning and teaching, and for
working in collaboration. To achieve these objectives during three consecutive
academic years, in two of the eight groups in the subject we have developed a
methodology inspired by the philosophy of the DIY movement, in work pro-
jects introducing 3D modelling and digital fabrication as an example of the cre-
ative integration of technology in educational contexts, based on the creation
of objects. The proposal has been made possible thanks to collaboration with
the Consortium of Education of Barcelona* by means of joint work with the
Ateneu de Fabricacié Digital de Ciutat Meridiana® (similar to a FabLab, but of
a public nature), one of three centres in the city. Knowledge related to making
and digital fabrication (process, software, approach) was new to the students,
who generally deal with overall office automation and social media software.

The proposal was executed over three consecutive years — the 2015/16,
2016/17 and 2017/18 academic years - resulting in an extensive exhibition in
2017/18 to coincide with the 25™ anniversary of the Faculty of Education Sci-
ences of the Autonomous University of Barcelona, at which all of the objects
created were on display, along with the learning experiences resulting from
graphic resources (posters) and audiovisual media (videos). The next section
details the more specific characteristics of the experience.®

4 For more about the Consortium, see: https://www.edubcn.cat/ca/el_consorci.

5 Barcelona currently has three centres located in different parts of the city: the districts of Les
Corts, Barceloneta and Ciutat Meridiana.

6  Thevideo at https://www.youtube.com/watch?v=tshye8BoWol&t=4s illustrates the experience as
part of the exhibition.
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Figure 1. Image of the exhibition of projects on the 25" anniversary of the
Faculty of Education Sciences.

Figure 2. Image of the poster for the exhibition.
The experience itself: Main features

The subject with six credits is organised around several classroom-based
sessions with a total of 18 hours, involving content related to the integration
of ICT for learning and collaboration work. The students must also complete
another 45 hours of self-directed work outside the class. The majority of the
classroom-based sessions are focused on the development of practical activi-
ties around the projects defined by the students for the production of an object
with the support of the teaching staff, who act as guides. Also included are
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activities supervised by the teaching staff, such as tutorials, which are not only
classroom-based but also virtual (online).

The development of the experience is organised around three stages:

Introductory Stage. This stage consists of an introduction to digital man-
ufacturing or making and its significance in current educational contexts, an
initial approach to 3D design software, and a visit to the Ateneu de Fabricacié
to discover the machines and attend a 3D design workshop. This visit ends with
the printing of some of the objects designed by the students. In these sessions,
the work is mostly individual and deals with producing a very simple object,
which enables the students to discover the field of work and to find out about
the software and machines.

Design Stage. This corresponds to the design process of the object itself.
It is a stage that is always undertaken in work groups, starting from the defini-
tion of the object the students want to create (work project) under the guidance
of the teaching staff. Generally speaking, the object is framed within a more
global educational project that gives it meaning; for example, if the idea is to
create a game to promote mathematical thought, the underlying project could
be to offer a more entertaining way to work with mathematics. This design stage
is the most extensive stage, and is usually divided into three moments: a) defini-
tion of the object to create (and of the project in which it is framed), b) design
of the object as a physical model (using paper, card or the most appropriate
material) with the real measurements that it will have, and c) digital design of
the object with the Tinkercad programme or similar.

S

Figure 3. Image illustrating the production process from the model, through

the digital design, to the final impressed object.

Figure 4. Image illustrating the production process from the model, through
the digital design, to the final impressed object.
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Production Stage. This stage represents the moment of impression, either
cut or engraved depending on the machine used, in the Ateneu de Fabricacié
Digital, preceded by a study of the preliminary digital designs in order to make
the final modifications to adapt each proposal to: 1) the possibilities of the hard-
ware (the type of machine that should be used); 2) the impression time; and 3)
the material available (wood, card, PLA - polylactic acid, biodegradable, de-
rived from maize - or another). This stage takes place entirely in the Ateneu de
Fabricacié Digital, thanks to the collaboration established between the Consor-
tium of Education of Barcelona and the university.

Figure 5. Images showing some of the impressed objects.

Final Evaluation and Diffusion Stage. This stage has two parts. 1) Develop-
ment and presentation of the visual narrative that documents the whole process,
from the original idea to the manufacturing fact. This narrative becomes one of
the main elements of the final evaluation and takes the form of “digital storytell-
ing” (DST) that documents and reflects on the learning process. DST or digital
storytelling is a means used to tell and reflect on stories in depth using digital
multimedia tools. Applied to the field of evaluation, it offers detailed informa-
tion about the learning process (qualitative evaluation) as well as being a social
communication tool for diffusion (Couldry, 2008). It is assumed that the student
has been compiling all of the audiovisual material (videos, photographs, audio,
screenshots, etc.) so as to be prepared to tell the story immediately after the pro-
cess of impression of the objects. This narrative normally consists of a video of no
more than three minutes and a poster. The idea is for the student to reflect on the
whole process followed in terms of what they have learnt, and on the possibilities
that the proposal might offer other educational contexts, especially the students’
tuture working environments. This presentation is done in the class group. 2) Ex-
hibition of the objects, posters and videos (in QR format from the poster) in the
context of the group on completing the subject by each seminar participant (each
group of the subject is divided into three seminars, each of approximately 25 stu-
dents who undertake the course consecutively from September to June). For the
25™ anniversary of the Faculty of Education Sciences (UAB), the exhibition was
opened to the whole faculty, teaching staff and students for a period of 15 days.
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Figure 6. Posters showing the objects produced.

Methodology approach

This experience of teaching innovation had the clear aim of introducing
an improvement, so it was proposed as action research. As such, it represents
a small-scale intervention in the functioning of the real world and an analysis
of its effects. Its aim is transformation; later, when the time is right, it estab-
lishes the basis for reaching theoretical conclusions, thus generating theory
from practice (Elliot, 1991). More specifically, it is a design of research-action
oriented towards decision-making from a practical point of view, as the aim is
to improve and transform the educational proposals.

Although this article presents the results obtained from its implementa-
tion in the teacher training degree in Primary Education, the innovation was
undertaken in two groups of the subject (Educational Communication and In-
teraction II), with students from both Primary Education (178 students) and
Social Education (249) throughout three consecutive courses (from 2015 to
2018) involving two teachers (full-time staff) and one assistant with experience
in making, who worked in collaboration.

The data were compiled through observation of the teaching staff and
through their field notes, as well as through the diaries of the students, who
documented the entire process in both group and individual diaries. The for-
mer documented the work done from session to session, while the latter were
used to document the learning process: what the students’ needed to know,
where they felt they were weaker, which resources they needed to look for, all in
order to make decisions that would lead to an improvement in their individual
performance and, consequently, the performance of the group. Another source
of data was the self-evaluation that the students completed at the end of the
subject. In addition, all of the graphic and audiovisual material produced (vid-
eos and posters) also constituted a source of data (Dussel & Gutiérrez, 2006;
Van Maanen, 2011). Content analysis (Flick, 2004) was undertaken, looking for
issues that helped achieve the aims of the innovative experience, as well as other
issues that were obstacles. Some of the categories that emerged coincide with
those that promote or hinder educational innovation and the innovative use of
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technology, such as the kind of curricula (pre-established or not), the degree of
student autonomy, the learning approach or the organisation of time and space
(Area, 2008, 2011; Sancho & Alonso, 2012).

Results and discussion

The results are organised around the strengths and weaknesses of the
experience. This enables us to visualise the issues that can be relied on to con-
tinue the project or implement another similar experience, while highlighting

the aspects that require redefinition.
Strengths

We find the strengths in the motivation and involvement of the students
throughout the process, and in the effects that the promotion of self-directed
learning - in collaboration and through doing and research - had on the stu-
dent body. Not only with regard to what was learnt, but also the way in which
it was learnt. Finally, the value given to the experience as an example of the
meaningful integration of technology in the educational context.

Motivation, initiative and implication

One of the main results of this experience was the high degree of moti-
vation that the student body experienced, resulting in it undertaking all of the
tasks necessary to successfully complete the process of producing the object.
The main source of this motivation was the fact that the students themselves
were allowed to decide what to do. They therefore worked based on their own
interests, for which they were prepared to do whatever was necessary, that is, to
produce an object that motivates them. This generates a different level of com-
mitment than merely following a remote syllabus. The challenge also activates
all of their potential. Both of these characteristics have been shown to be very
positive in producing authentic learning (Bosco et al., 2008; Herndndez, 2004,
2006; Stoll et al., 2004). Recent studies based on neuroscience also state the
importance of motivation to learn, and how this is strengthened by the focuses
of alternative teaching, among other factors (Calatayud Salom, 2018; Navarro,
2018). Moreover, other experiences based on DIY philosophy coincide in the
positive evaluation of the students regarding working from their own interests,
with digital devices, in different spaces and autonomously (Domingo, Onsés, &
Sancho, 2018; Mifio, Domingo, & Sancho, 2018). Some students expressed their
motivation and interest in the following way:
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“Once we had finished the subject, I discovered that through technol-
ogy it is also possible to learn in a very useful way, boosting the au-
tonomy and creativity of the children so they don’t always have to do
what the teachers tell them, following established guidelines.” (student
self-evaluation)

“Most important, however, is that at all times we were motivated to do
the project and we ably dealt with difficulties that arose throughout it
... (student diary)

“The motivation and commitment of the students is very high in this
project” (field notes - teacher)

These results contrast with making experiences undertaken with teach-
ers, who felt very uncomfortable in this type of open syllabus in which they
learn what they need as they go according to the project to be developed
(Tesconi, 2017, 2018).

Working based on projects: Self-directed learning and collaboration

Working collaboratively but in a self-directed process based on the de-
velopment of a project was another strength of the experience. This had mul-
tiple benefits, as the students say they learned: 1) to work in a team, 2) to share
interests with their colleagues, 3) to place the common interest above the in-
dividual, 4) to share knowledge more easily and support the qualities of each
member, 5) to open up to the group, to listen to the proposals of colleagues and
respect their opinions and ways of working, and 6) to organise themselves. All
of these aspects are particularly strengthened in the proposals based on projects
that prime the social nature of the learning (Hernandez 2004, 2006). Moreo-
ver, these questions have already been documented in the literature about col-
laborative learning and project-based work (Hernandez, 2004, 2006; Lobato,
Apodaca, Barandiaran, & San José, 2010; Romero & Guitert, 2012; Stoll et al.,
2004). They are also central to other experiences based on DIY in which stu-
dents value positively self-directed learning in collaboration (Domingo et al.,
2018; Mifo et al., 2019; Tesconi, 2018). Finally, collective work is also highly
valued from the perspective of neuroscience and neurodidactics as an element
that favours learning (Navarro, 2018). This is how the students referred to col-
laborative work:

“I think the fact of working in a group is a very positive aspect. The fact

that there are diverse points of view and sharing knowledge always en-

riches you as a person. Moreover, when a member of the group had a dif-

ficulty everyone responded in order to solve it” (student self-evaluation)
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“... I'm learning to work with people I didn’t know, all of us getting in-
volved in a totally unknown world for us, since we had never worked
with programmes like this. Therefore, I've been able to learn to make
these programmes work, to bring cohesion to a group making the most
of the strong points of each one”” (student diary)

Offering an experience of the meaningful integration of technology

The experience developed enables the students to experience first-hand
a project that breaks with traditional pedagogy by integrating technology. In
other words, the students worked on the content of the subject in an experi-
mental way, which, it is assumed, will help them to transfer it to their future
working contexts. This is how the students express it:

“When we finished the subject, I learnt that you can also learn in a very
useful way through technology, boosting the autonomy and creativity of
the children ...” (student self-evaluation)

“The experience in the first person that may involve, from the point of
view of learning, a significant integration of technology in educational
contexts.” (field notes — teacher reflections)

Weaknesses to address

We see the main weaknesses in the caution and resistance shown when
designing projects and thinking of objects to create, and in the short duration of
the experience. Another weakness is the difficulty that the students had docu-
menting their learning process and reflecting on it personally and deeply.

Caution, resistance and frustration

Despite having a motivating effect, the fact that the students themselves
decided which project they were going to develop also caused a certain block-
age and concern. In reality, having to decide places the students in a new situ-
ation, which is not free of tensions. Consequently, they initially tried to adopt
simpler ideas, something that Blikstein (2013) calls the “keychain syndrome”’

These tensions have also been experienced in other DIY activities, and

result from placing the student in an active role. Making their own decisions

7 “The keychain syndrome... revealed two of the crucial elements of learning environments
based on digital fabrication. First, the equipment is capable of easily generating aesthetically
attractive objects and products. Second, this generates an incentive system in which there is a
disproportionate payoff in staying a local minimum’ where the projects are very simple but at the
same time highly admired by external observers. Settling for simple projects is a temptation that
educators have to avoid at all cost.” (Blikstein, 2013, p. 10)
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produces a certain insecurity in students (Mifo et al., 2019; Tesconi, 2017, 2018):
“Choosing the object we would make was not as easy as we had initially
thought ...” (student diary)

Another moment of insecurity and frustration occurred in the produc-
tion stage, when the students had to modify the prototypes (the first version
of the objects designed) to adjust them to the printing time or the materials
available, and when, occasionally, the product did not turn out as expected.
Some students experienced an error as failure rather than as a normal step in
the process:

“Then, the technicians told us that we had to separate the whole struc-
ture, to print it with laser, and add some fittings to each part so that it
could be properly joined together. Hearing this the first time was quite
stressful for us, since we had spent many hours of work making the
structure and now it couldn’t be printed. But with patience and effort,
gradually between everyone we tried separating the whole structure and
placing the fittings” (student diary)

“Today, the teacher brought us the printed object, since on the last day
we ran out of time in the Ateneu. Personally, I really enjoyed seeing the
object physically, but there had been a problem with the measurements
and it came out smaller than we had expected and we had to reprint the
images of the puzzle. In any case, we were very happy to have arrived at
the final point of this project” (student diary)

Management of scarce time and different spaces

Organising the times in the university and the production centre had its
difficulties, given that we had to connect two institutional spaces with different
logics of functioning. However, the main problem was the scarce and fragment-
ed working time that we had for the project. This problem is extensively docu-
mented in the bibliography, which refers to school grammar (Tyack & Tobin,
1994) as the main drawback to developing innovative educational projects of
whatever type (Bosco, 2005, 2013; Sancho & Alonso, 2012). It does not calculate
the time required to learn in accordance with the tasks to be undertaken, but
based on what the institution offers us. This question is as difficult to solve as
how to organise the time in the university:

“Finally, as a summary of the whole process, I think that all of the mem-

bers of the group have worked really well... the only inconvenience I

have had is time. I think that a project like this one, in order to be ef-

ficient and for it to be a more useful project in our everyday life, requires
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more time, so that it can be executed better, with more attention paid to
small details” (group diary).

“What I think has lacked in the learning of the subject is the time factor;
due to the lack of time, we have not been able to study the questions in
depth” (student self-evaluation).

Investment of time by the teachers and other tensions

As with the students, the change of perspective also produced a certain
tension among the teachers, who became the guides for the project decided
upon by the students. On the one hand, this guide requires instructions tailor-
made for each group, which involves a major time investment, seeking out the
appropriate resources and materials that can help the students to take the pro-
posal forward. On the other hand, it involves entering a new world, that of
digital fabrication, in terms of knowing the suitable programmes and the pos-
sibilities of the machines. All of this requires a major time investment, which is
only reduced by the experience accumulated year after year:

“I have already explored three different programmes to meet the needs

of the different projects, I don’t know if the project will be sustainable in

the long term.” (field notes - teacher)

The new role requires overseeing a process in which not all of the an-
swers are known. Sometimes it involves inquiring jointly with the student. In
this particular situation, the first year of the experience was difficult to deal
with, but the experience of the three years has allowed us to create strategies to
guide the process in order to achieve success.

Difficulties in documenting the experience

Teaching processes that promote metacognitive processes are very posi-
tive in terms of learning (Calatayud Salom, 2018; Hernandez, 2006; Bosco et
al., 2008; Navarro, 2018; Stoll et al., 2004). An important part of this experi-
ence is therefore dedicated to documenting the processes undertaken through
diaries and graphic documents such as storytelling. However, it is not easy for
the students to document the process in depth. Many of them focused more
on the technical and factual knowledge they acquired, such as the computer
programmes they had learnt to use or the occasional work with a tool, rather
than on the problems they had in their approach, or how they had been affected
when their ideas were accepted or rejected:

“...We have finished today’s session with all of the preparations for hav-

ing the object and the exhibition ready for the next class. We have made
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the video explaining the whole procedure of the project with Movie-
maker, and we have also made the poster...” (individual student diary).

It is more towards the end of the whole process that the participants are
capable of undertaking deeper reflection on what has happened, what they have
learnt and how. This is due to the small amount of experience they have in par-
ticipating in more thoughtful teaching and learning processes. Once they have
this experience, they are capable of evaluating it in another way:

“Nevertheless, I liked it very much that we didn’t just do the physical

project and that was that; we also had to write a diary of creation, make

a video explaining the process, make a poster... It has been quite a com-

plete subject” (student self-evaluation)

“It has also been very useful doing this personal blog in order to explain

everything we have been learning. I have liked this format of evaluation

very much?” (student self-evaluation)

This difficulty is also evident in similar experiences with teachers, who
were not able to recognise the usefulness of the documentation, viewing it more
as a tool of control (Tesconi, 2017, 2018).

Little reflection on how making could be introduced into educational
contexts
The experience is undertaken in a short and fragmented time, with the
addition of the necessary coordination with the production centre. Nearly all
of the efforts are concentrated in the production of the object, and only at the
end is there space for pedagogical reflection, as future teachers, about the possi-
bilities of integrating making into educational contexts. Such integration would
be aimed at developing projects that, through making and production, would
enhance the development of competences and enable the future teachers to ap-
proach different educational and curricular objectives. This reflection rarely
occurs, and usually not until the end, without the possibility of going deeper
into the experience or testing how a project of this nature could be designed.
Nevertheless, some students, albeit very generally, questioned the specifics:
“Personally, I think that all of these new concepts that I have acquired
have enabled me to know much more about the digital world. Today,
technology is a very important factor in our lives, and so it will be in
education, too. This is why I consider that all of the knowledge I have
gained after completing the subject will be good for me as a future teach-
er” (student self-evaluation)
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“Throughout this process of the creation of the project, I have asked my-
self diverse questions, most of which have been in relation to the func-
tioning of the Tinkercad programme. But I have also asked myself how
a subject related to the creation of digital making could be applied to
primary school classrooms.” (student self-evaluation)

Conclusions

The experience developed shows the possibilities that making and digi-
tal fabrication can offer to innovation, and exemplifies the meaningful integra-
tion of technology in educational contexts in terms of learning. The experience
is strong due to the motivation produced in the students by working on a pro-
ject based on their own interest. This is also true of the challenge represented
by the development of the project, although it produces tensions, too. The set-
ting of the group in which the project develops helps achieve the objectives
and increases the possibility of success, while also enabling students to learn
how to work together. As with innovations, however, there are barriers related
to the fragmented organisation of time that make the realisation of the project
difficult, as it requires more time of both students and teachers, given that the
roles to be carried out are distinct. A much more reflexive teaching and learn-
ing subject is sought, in an undertaking that must adapt to each situation, and
where there are no written rules about exactly how and where it is going. The
sustainability of the proposal lies in being able to solve these difficulties in order
to multiply the benefits, making it extensive to other groups of the subject and
in other contexts. In summary, the results contribute to acquiring the ability to
manage this kind of innovative project and to use information and communi-
cation technologies in a university where content-centred and teacher-centred

teaching approaches are predominant.
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