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ABSTRACT

Technological changes have profoundly transformed all areas of human life, including education (Sanchez-Caballé et al.,
2020). This article focuses on the analysis of a Maker Teacher Training to implement Maker Education in primary school
classrooms. The objectives are to identify the key aspects worked on in this training and to evaluate the strengths and
weaknesses from the teachers’ perspective. The methodology is qualitative, adopting an interpretive approach to un-
derstand the events of the research from the experience in two schools in the province of Tarragona. The data collection
instruments are an observation rubric and semi-structured interviews. The results were analysed with the software ATLAS.
ti and several aspects of the training were analysed in depth. The results show that the training covered different aspects
such as the design, implementation, and evaluation of activities, although certain elements were little addressed. Teach-
ers valued the personalisation of the training, the support they received, and the practical usefulness of the strategies
acquired, highlighting a positive impact on pupils’ interest and autonomy. Finally, it was emphasised that the training was
comprehensive and positively considered, although there were some areas for improvement, such as inclusivity and the
use of technological tools. The study reaffirms the need to provide maker training for teachers, promoting an interdisci-
plinary approach.
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RESUMEN

Los cambios tecnoldgicos han transformado profundamente todas las areas de la vida humana, incluida la educacién
(Sanchez-Caballé et al., 2020). Este articulo se centra en el analisis de una formacion docente en educaciéon Maker para
implementar esta metodologia en aulas de educacién primaria. Los objetivos son identificar los aspectos clave trabajados
en dicha formacidny evaluar las fortalezas y debilidades desde la perspectiva de los docentes. La metodologia es cualita-
tiva, adoptando un enfoque interpretativo para comprender los eventos de la investigacion a partir de la experiencia en
dos escuelas de la provincia de Tarragona. Los instrumentos de recopilacion de datos son una ribrica de observaciony
entrevistas semiestructuradas. Los resultados se analizaron con el software ATLAS.ti y se profundizd en varios aspectos
de la formacidn. Estos muestran que la formacion abarcé diferentes aspectos como el disefio, la implementacion y la eva-
luacion de actividades, aunque ciertos elementos fueron poco abordados. Los docentes valoraron la personalizacion de
la formaciodn, el apoyo recibido y la utilidad practica de las estrategias adquiridas, destacando un impacto positivo en el
interés y la autonomia de los alumnos. Finalmente, se enfatizé en que la formacion fue integral y positivamente valorada,
aunque se identificaron areas de mejora, como la inclusividad y el uso de herramientas tecnoldgicas. El estudio reafirma
la necesidad de ofrecer formacion en educacién Maker para los docentes, promoviendo un enfoque interdisciplinario.

PALABRAS CLAVE Educacién Maker, formacién docente, educacién primaria

1. INTRODUCTION

In recent years, society has undergone social and economic changes, making it crucial to train young people
to cope with this new reality. Digital technologies (DT) have transformed all areas of human life (Sanchez-Ca-
ballé et al., 2020), requiring continuous reflection on the effectiveness of strategies to develop digital com-
petenciesin an evolving information society (Morales et al., 2020; Tomczyk et al., 2023). Digitalisation, which

has accelerated in the 21st century, requires citizens to adopt new strategies to face new challenges.

Over the recent years, educational research has significantly influenced teaching practices and perspec-
tives on the learning process (Bautista-Vallejo y Hernandez-Carrera, 2020). At the same time, it has evidenced
the challenges faced by teacher training institutions in integrating technology into education (Santos et al.,
2023). These challenges are especially pronounced when considering the gender digital divide, which has a
profound impact, ultimately influencing future decisions regarding access and use of Information and Com-
munication Technology ICT (Morante et al., 2020). Moreover, it is essential to rethink educational models in
order to equip students with creative skills, problem-solving abilities, and technical-scientific competencies
(Ruiz-Ortiz, 2023).

In this context of change, maker education has emerged as an innovative response that seeks to harness
resources and solve everyday problems (Dominguez-Gonzélez et al., 2018; Spieler et al., 2022). Indeed, cre-
ation, experimentation, and the art of making have existed ever since people have needed to develop tools
and materials to face new challenges (Martin et al., 2020). In this sense, the teaching-learning process in mak-
er education is based on the creation and modification of artefacts, whose final product aims at responding
to a specific problem related to the environment of the educational community in which the project is devel-
oped (Blikstein, 2014). Specifically, in recent decades, many primary school teachers have shown interest in
integrating maker culture into STEAM (Science, Technology, Engineering, Arts and Mathematics) in order to
motivate pupils to actively participate in the teaching-learning process (Weng et al., 2022).
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Parallel to this reality, makerspaces have been built in schools and public spaces (Rodriguez-Calderdn
y Belmonte-Izquierdo, 2021), where design and digital fabrication processes can be put into practice with
digital tools such as 3D printers, laser cutters or cutting plotters. In fact, they are becoming an increasingly
significant focus in education (Nikou, 2024). Fundamentally, it is a space where pupils use materials and re-
sources to explore and experiment (Lock et al., 2020) and where they can develop several skills (Dominguez-
Gonzalez et al., 2018). In fact, Quintana-Ordorika et al. (2024) argue that integrating technology into the
design and creation of artifacts is key to improving the learning experience. Countries such as the United
States, the United Kingdom and Japan have already undertaken these initiatives, according to Bevan (2017).
Indeed, in the Spanish context, the autonomous community of Catalonia is also working to introduce a
maker culture through the FAIG project (Silva et al., 2024) and the integration of maker spaces in schools

and high schools.

But, how is maker education defined? Specifically, it is defined as the combination of practice and de-
velopment of skills, humanities, arts and knowledge (Lin et al., 2021). Fleming (2015) also describes it as a
way of turning knowledge into action. Lundberg and Rasmussen (2018), above all, emphasize the impor-
tance of the learner creating an artefact in maker projects. However, among all the definitions, one of the
most complete is that of Veldhuis et al. (2021), who defines it as “project-based learning through activities
that focus on designing, building, modifying and/or reusing material objects with the aim of producing,
through traditional craft techniques or digital technologies, some kind of ‘product’ that can be used, inter-
acted with or demonstrated” (Veldhuis et al., 2021, p.1).

In particular, the current trend suggests that the concept of maker education is being introduced in a
practical way through STEAM (Lin et al., 2021; Weng et al., 2022), as they complement each other; while the
first can offer originality and the more creative part of design and creation, the second focuses on the trans-
versality between these areas. This connection is also because STEAM activities, like maker activities, are

related to solving everyday problems (Weng et al., 2022).

Maker education benefits pupils’ holistic development, particularly by fostering creativity (Jia et al.,
2021) and enabling the generation of new ideas (Alekh et al., 2018). In fact, it is effective when it promotes
exploration and creativity (Spieler et al., 2022) and positively influences pupils’ maker mindset, self-efficacy,
motivation and interest (Martinez-Moreno et al., 2021; Hwang, 2017). Learning by doing enhances meaning-
ful knowledge acquisition (Dominguez-Gonzalez et al., 2018) and engages unmotivated pupils through ex-
ploration and experimentation (Otero & Blikstein, 2016). New challenges foster ongoing knowledge growth
(Shively et al., 2021). Similarly, teamwork in maker education allows pupils to collaborate across different

levels and areas (Torralba, 2019), encouraging mutual support (Forbes et al., 2021).

Since its beginnings, maker education has focused on creating without fear of error (Torralba, 2019).
There is a need to communicate that it is positive to learn from mistakes without being afraid to try (Hughes
etal., 2021). It is interesting to integrate mistakes as an important part of the teaching-learning process
(Hughes etal., 2021), while promoting a safe environment where pupils are encouraged to take risks
(Hughes et al., 2021). Frustration is initially an obstacle but it must gradually be transformed into motivation
(Dominguez-Gonzélez et al., 2018). The acceptance of the process of failure in the school is essential for the

successful implementation of maker pedagogy. (Stevenson et al., 2019).
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Maker education not only enhances cognitive and motivational skills but also addresses pupils’ so-
cio-emotional development (Carrasco & Valls, 2023). Studies show its positive impact on pupils with spe-
cial educational needs. Lee et al. (2020) found in their cross-case qualitative approach that maker educa-
tion effectively supported pupils with disabilities and low academic achievement. Similarly, Martin et al.
(2020) demonstrated in their mixed methods study that autistic pupils successfully completed projects
and improved their communication skills through a maker program. Hughes et al. (2018) highlight that
maker education benefits learners with disabilities, learners with scattered attention and those with low

motivation, often surprising pupils who typically struggle with academic performance.

Maker education enhances pupils’ problem-solving skills by encouraging real-world solutions (Bev-
an, 2017; Forbes et al., 2021). Studies confirm significant improvements through maker interventions
(Forbes et al., 2021; Stevenson et al., 2019). Given the benefits that maker education brings to pupils,
teachers should promote this approach in the classroom. As these are approaches that present uncon-
ventional challenges to pupils (Torralba, 2019), teachers need guidance in designing, implementing, and
evaluating maker projects (Forbes et al., 2021). For instance, Rodriguez-Calderdn y Belmonte-lzquierdo
(2021) propose a strategy to support teachers in selecting learning objectives, developing science and
engineering activities, supporting planning and time management, and providing specific tools to de-

velop a maker mindset.

However, public schools do not currently have sufficient financial resources to equip themselves
with digital tools (Dominguez-Gonzalez et al., 2018). While the importance of teacher training is recog-
nized, there is a lack of research on both how to effectively prepare primary school teachers (Stevenson
et al., 2019) and what the key challenges and opportunities are (loannou & Gravel, 2025). However, a
clear consensus on its effectiveness in improving K-12 students’ learning outcomes is still lacking (Lu
& Zeng, 2025). To address this issue, this article explores in depth how teachers in two schools in the
province of Tarragona (Spain) are supported during the integration process of Maker Education into their
primary schools. Specifically, the training process is part of an educational project that aims, on the one
hand, to provide these schools with digital and technological tools related to Maker Education (3D print-
ers, laser cutters, vinyl cutters, among others) and, on the other hand, to provide pedagogical training
to the teachers on how to use all these tools to improve the teaching-learning process of the pupils. In
addition, the creation of a makerspace in each institution will be promoted to encourage these maker
practices in the educational centres of Catalonia.

Therefore, the main aim of this research is to study the implementation of training for primary school
teachers to introduce Maker Education in the classroom. To achieve this, the study focuses on two specific
objectives: first (SO1), to determine the key aspects addressed in teacher training forimplementing Maker
Education, and second (S02), to identify its strengths and weaknesses from the perspective of primary
school teachers. Based on these objectives, the research seeks to answer two central questions: What as-
pects are covered in the training of primary school teachers for the implementation of Maker Education?

What are the strengths and weaknesses of this training according to teachers’ perspectives?
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2. MATERIAL AND METHOD

A qualitative methodology was adopted, with an interpretative approach, aimed at making sense of re-
search events and interpreting them from a participating teacher’s perspective, with a view towards deep-

ening in a particular case (Bisquerra, 2009).

The purpose of this design is to understand and identify in depth the aspects involved in the support
and training of teachers in two schools in the province of Tarragona, to understand what this training brings

to the teachers and the possible ways of improving it.

2.1. Instruments and procedures

In order to address the first specific objective (S0O1), observations were made during the training sessions.
A total of six sessions were held each month between January and July. The trainers support the whole
school staff in the pedagogical application of maker education in their school. Observations make it possi-
ble to capture how the training process is implemented in its real context, providing a detailed perspective
(Herrera, 2017). To collect this information, a rubric designed by Nadal et al. (2024) is used (Annex 2).

Specifically, this rubric was designed through an iterative process to evaluate the support provided
to teachers in implementing maker education in schools. The initial prototype was developed during the
TECLA project (2021-2022) and tested with teachers at one school in Barcelona. A Likert scale was used
for evaluation, with an additional comments section for qualitative insights. Based on observations and
feedback, the rubric underwent revisions, leading to a second prototype with 11 categories, incorporating
new sections. The rubric aims to provide a comprehensive tool for assessing teacher training effectiveness

in maker education, ensuring a structured and inclusive approach.

In concrete, it is focused on analysing the key aspects that ensure effective and enriching teaching for
teachers in the context of educational maker activities. It has a total of 11 items, each divided into 2 to 6
sub-items. Key elements such as the promotion of active pupils’ participation, the appropriate and safe
use of tools or the teacher’s ability to adapt resources to the needs and characteristics of the pupils are ad-
dressed. Attention is also paid to the management of time and pace of work, or the promotion of creativity
and autonomy of pupils, both at individual and group level. Finally, interdisciplinary approaches are also
included, such as optimising workspaces or effectively integrating pupils with special needs, prioritising

both, equity and diversity, in the classroom.

The rubric consists of 4 evaluation indicators, ranked from 1 (not at all) to 4 (very much), which allow
a detailed assessment of the teacher’s performance on each item. In particular, the frequency with which
each item is performed during the session is assessed. In addition, each indicator includes a comments
section, which allows additional observations to be added to complement the analysis and to go into
greater depth on the most relevant aspects of the process. Table 1 below provides a brief description of

the rubric items:
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TABLE 1. Summary of rubric items

1. Support in encouraging

student participation

Focuses on maintaining engagement, fostering interaction, and promoting motivation
while shifting responsibility to pupils.

2. Use of technological tools

Emphasizes the easy introduction of technological tools, promoting curiosity and
confidence, and ensuring safety aspects when using machines and tools.

3. Design and session planning Stresses aligning resources with pupils abilities, age, and curriculum goals.

4. Time management and work pace  Ensures activities fit within time limits and match pupils’ levels.

5. Cognitive work

Planning tasks that pupils can connect to real-world experiences by proposing
practical applications.

6. Creativity

Encouraging the development of new ideas to enhance pupils’ work while promoting
originality.

7. Autonomy/Group work

Focuses on equitable task distribution and conflict resolution.

8. Project-Based Learning

Integrating multiple disciplines and including effective pupils’ assessment within this

framework.
9. Spaces Optimizing physical environments for maker activities, considering clean/dirty areas.
10. Students with special needs Ensures inclusion of pupils with special needs and satisfies socio-emotional needs.
11. Equity Fostering fairness and reducing gender inequalities.
TABLE 2. Summary of interview questions

Concept of maker education: Inquires about how teachers understand maker education, their

general vision, and how it can contribute to achieve learning competencies and objectives.

Interaction with pupils: Explores the advantages and disadvantages of applying maker approach in
Maker and STEAM puprs: £Xp & ges o1 appIng PP

the classroom, including how it helps promoting pupils interaction and engagement.

STEAM implementation: Focuses on how they apply STEAM in their classroom, and how they
integrate it with maker activities.

Project-Based Learning

Methodologies used: Determines what strategies are used in the classroom to implement project-
based learning.

Integrating maker education: Inquires how teachers integrate maker education into project-based
learning.

Pupils motivation: Analyses whether they have evidences of greater motivation, predisposition or
interest in learning when working on projects or using technology.

Educational maker
project

Knowledge of the project: Asks what teachers know about the project and what they expected from it.

Evaluation of support: Assesses the support provided to the schools involved in the project.

Suggestions for improvement: Seeks feedback on areas of improvement in the training process and
whether anything was lacking.
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On the other hand, to address the second specific objective (S02), semi-structured interviews were
conducted with 3 teachers from each school participating in the project. One of these participants was the
head teacher of the school. The interviews were conducted at the end of the school year, in July 2024, after
the training sessions had been completed, with the aim of obtaining an overall view of the training recei-
ved. Through these interviews, the aim was to analyse how to adapt these practices pedagogically, how
to develop the competences and motivation of pupils, or how to identify challenges and opportunities for
their effective application in real educational contexts. Annex 1 contains all the interviews conducted, which
complement and enrich the analysis presented. The semi-structured interviews were based on three main

axes, described in table 2 in previous page.

2.2. Participants

For this study, a non-probabilistic purposive sampling, typical of qualitative research, was used. The partici-
pants were, therefore, teachers belonging to schools where maker education was applied, and were already
equipped with the tools that the Catalan government offers to schools. The sample participating in this
study is a total of 8 primary school teachers from the Autonomous Community of Catalonia (Spain), specifi-

cally from two schools in the province of Tarragona.

The schools gave permission to access their classrooms in order to analyse the training process. The
training team also gave permission to access the support sessions, which greatly facilitated the data collec-
tion process. The selection of these two schools was strategic because, on the one hand, one of them has
been integrating technology into its educational practice for a long time and the teaching staff is already
trained in the integration of technological resources in the classroom. On the other hand, the other school
was chosen because it did not have as much experience in the use of technology in the classroom. This way,
a more global and representative view of the impact of maker education in the educational environment

can be obtained.

Both schools have two other elements in common. Firstly, they have a similar pupils’ profile. They are
complex schools where most of the pupils come from different developing countries. There are very few
local pupils. Although one is very central and the other one is on the outskirts of the same city, the neigh-
bourhoods are similar, and both have a very similar family profile. Another common element is their par-
ticipation in the same Maker Program, which integrates technology and pedagogical innovation into the
classroom. The aim of this program is to promote the use of ICT through new methodologies to improve the
teaching-learning process for pupils, especially in STEAM areas. The main participants in the Maker Program
are 150 public schools throughout Catalonia. The following section describes the characteristics of the pro-

gram in more detail.

2.3. Maker program

The program has a total duration of 4 academic years. Specifically, the sessions analysed correspond to one
year of training. It consists of 6 sessions with a duration of 2 hours each, hence totalling 12 hours all the way

through an academic year.
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FIGURE 1. Overview of the Training Contents

Firstly, these centres receive an equipment pack-
age and are required to set up a makerspace. The
space is equipped with advanced technology such as

Assessing 3 A o
Design of Implementation learning 3D printers, vinyl cutters, laser cutters or digital em-
activities of activities in through ) )
classroom activities broidery machines, among others. The program also
includes pedagogical training on how to integrate
these technological and digital tools to improve
3D printi Buildi . . .
Mol i st N the teaching-learning process of pupils. Hands-on
ti i lectroni . .
e e oo learning is encouraged, and teachers are supported
to integrate maker education into their classrooms.
To summarise what the training process and support
Vinyl T Programming consist of, the following figure (figure 1) shows some
: 5 interactive
cutting Surng activities of the content covered during training.
process process with code
This program follows the Framework for Evalu-
ating Making in STEM Education (Marshall & Harron,
Computerized d;?/glf)or Networks and 2018), which suggests five key sections for assess-
embroidery dig'tal communication . .
process cre‘f:ﬁon ing maker competence: Ownership/Empowerment,
Maker Habits, Production of an Artefact, Collabo-
ration, and STEM Tools. The relationship between
training content and the principle of this framework
is then established, highlighting how it promotes
meaningful and practical learning for teachers:
TABLE 3. Relationship between training content and framework
Dimension Relation with teacher training
Ownership/ Pedagogical support and practical learning promote teacher’s and pupil’s autonomy, allowing pupils to be the
Empower- protagonists of their own learning. The training also promotes the integration of maker-based learning for the
ment integral development of the teacher and, in the end, of the pupils.
The training process aim to strengthen teachers’ maker skills so that they can transfer these skills to their pupils.
The training encourages the acquisition of essential habits such as experimentation, iteration and critical thinking.
Maker habits It also creates a direct link between the activities teachers design and pupils’ everyday experiences, allowing them
to integrate the knowledge and skills they acquire in the classroom into their daily lives, enriching their learning
beyond the school environment.
The program trains teachers to design, implement and evaluate maker activities in the classroom, in some cases
with the end goal of creating an artefact. This approach allows teachers to integrate advanced technological tools
Production into projects that promote hands-on and meaningful learning. In addition, each school has a makerspace for the
of an Artifact  production of these artefacts, giving pupils a dedicated place to realise their projects. Guidance is given on how

to integrate transversality into the projects. In short, the aim is for teachers to be able to integrate content from
different subjects, especially in STEAM areas, thus promoting interdisciplinary learning.
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Dimension Relation with teacher training

The training process promotes collaboration between teachers, as well as showing how to foster collaboration
among pupils in maker projects. It emphasises the importance of taking into account the individual needs of each
pupil and how to organise groups fairly to ensure active and equitable participation for all. The pedagogical sup-
port also promotes the exchange of experiences and good practices among teachers, enriching their work in the
classroom. In fact, during the training process, discussion areas are created among teachers from the same school,
but also among other teachers from nearby schools.

Collaboration

The training process also focuses on the correct use of advanced STEM tools, such as 3D printers, laser cutters
and digital embroidery machines, and provides teachers with indications on their use and pedagogical applica-

STEM tools tion. Each centre has a makerspace equipped with these tools, allowing pupils to develop technology projects in
a hands-on way. Teachers are also taught how to effectively integrate these technologies into the classroom to
enhance pupils’ learning.

2.4. Data analysis

An analysis of the rubric was conducted to assess the different aspects of teacher training. At the end of the
observation process, the completed rubrics were analysed to identify patterns and trends. The analysis fo-
cused on determining the most frequently occurring rating for each item across all sessions.

The interviews were transcribed into a text file and then processed using the software ATLAS.ti 24.2.1
(Qualitative Research and Solutions). The analysis was then carried out in the following order: 1. Prepara-
tion and import of the interviews; 2. Creation of codes and sub-codes; 3. Analysis of the results and creation
of networks. According to Lopezosa et al. (2022), this analysis allows the identification of the most salient

aspects of the statements and also helps to identify patterns.

3. RESULTS

The first specific objective (SO1) was to determine which aspects are dealt with during teacher training.
Table 4 shows in general terms which aspects the program focuses on. The left column shows the items
that were to be observed. These items are the same as those used in the observation rubric by Nadal et al.
(2024) in order to understand how the course develops, as well as the main content developed during

training.

The second and third columns show the observation results for each item at each school analysed. In
the last two columns, each item is rated. Specifically, it is a table of the frequency of actions. This rating
starts with the lowest values (Not at all), which means that the content was never dealt with; secondly, the
content was dealt with slightly (Slightly); thirdly, the content was dealt with significantly (Moderately); and
finally, the content was dealt with a very significant number of times (Considerably). In table 4 (see next

page) is a summary of the topics covered in the sessions.
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TABLE 4. Sessions content summary

ITEM QUALIFICATION SCHOOL 1 QUALIFICATION SCHOOL 2
1. Support in encouraging student participation Slightly Slightly
2. Use of technological tools Slightly Slightly
3. Design and session planning Moderately Moderately
4. Time management and work pace Slightly Slightly
5. Cognitive work Considerably Slightly
6. Creativity Moderately Slightly
7. Autonomy/Group work Slightly Slightly
8. Project-Based Learning Moderately Moderately
9. Spaces Slightly Slightly
10. Students with special needs Slightly Not at all
11. Equity Slightly Slightly

At first sight it can be seen that in most cases the content is dealt with slightly and moderately. This
aspect is considered to be positive as it means that most aspects are covered in the training period. There
are, however, some exceptions, e.g. item 10 on pupils with special needs, where very little work is done in
the first school and practically none in the second one. In general, it can also be observed that for most of

the items both schools treat the content in a similar way.

The items are described and compared between the two schools, highlighting their similarities and
differences, to discuss each case or context individually. In the first item, pupils’ participation is not very
much encouraged in both schools (1. Support in encouraging pupils’ participation). The same is true for
the second item (2. Use of technological tools). In both schools, training in the use and application of tools
is provided during one of the sessions, but not specifically during the other sessions.

It is relevant that item 3 (Design and session planning) is moderately addressed in both schools; in
this case the trainer puts a lot of emphasis on how to design and plan sessions to introduce maker activ-
ities in the classroom. However, item 4 (Time management and work pace) is not fully promoted, with
the qualification being slightly in both schools. In item 5 (Cognitive work) there are differences between
the two schools. In the first school, there is a strong focus on cognitive work during the training sessions,
whereas in the second school there is no focus on these aspects. This may be related to the fact that the
second centre, unlike the first one, had already carried out maker activities before, which meant that
many activities were already contextualised to the pupils’ environment and their everyday life. Item 6
(Creativity) also shows differences between the two schools, with the first one working more on creativi-
ty-related aspects than the second one. On the other hand, items 7 (Autonomy/group work) and 9 (Spac-
es) are hardly addressed in the training sessions, in contrast to item 8 (Project-based learning) where a

stronger focus is observed.

Finally, as a weakness to be pointed out, there is not much emphasis on the promotion of equity

among pupils, nor is much attention paid on how to promote the inclusion of pupils with special needs
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(items 10 and 11). In fact, in the first school, item 10 (Pupils with special needs) is hardly addressed, while in

the second school this content is not addressed at all.

In short, it can be concluded that the sessions have a very specific focus on aspects such as design or the
use of machines. Based on these results, it can be observed that some elements are transversal over several
sessions, such as the interest of pupils (little promoted, but considered over several sessions). On the other
hand, aspects such as training in the use of tools, are dealt with intensively in very few sessions.

The second specific objective (S02) was focused on identifying the strengths and weaknesses of the
training process, from the perspective of primary school teachers. After the analysis, a total of 388 quota-
tions with a total of 47 codes were selected. The following diagram shows, the groupings into networks,
which represent the teachers’ assessment. First, conceptual network 1 (Figure 2) refers to positive outcomes
and potential challenges:

FIGURE 2. Positive outcomes and potential challenges

Motivation
1S CAUSE OF IS CAUSE OF
Classroom Creativ
management IS ASSOCIATED WITH reativity
—
N
IS PART OF

Positive outcomes

and potential

challenges

IS ASSOCIATED WITH
IS CAUSE OF
CONTRADICTS IS PART o;\

Limitations ~ é—————(CONTRABICTS)— - Individual

benefits

Conceptual network 1 (Figure 2) shows the potential of introducing maker education to pupils. Indeed,
teachers admit that simulations have given them some practice in implementing maker activities and get-
ting pupils excited. In addition, they point out that pupils’ interest increases significantly when technology

is introduced into the classroom, as it is attractive and generates greater enthusiasm during the sessions:

“Yes, for them technology is part of their daily life, much more than for us, and they find it easy and exciting, that’s
true.” (Teacher 2, School 1)

However, they also confirm some difficulties in the classroom when implementing the activities. In par-

ticular, they refer to the diversity of learners with different needs and the personalisation of learning. Overall
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the teachers confirm that they have acquired a number of skills and knowledge during training, such as the

ability to stimulate pupils’ interest or the integration of technology and the promotion of creativity.

FIGURE 3. Pupils’ learning process

Proceton Knowledge Critical
of autonomy construction thinking
— —
T '\ / [ ! S
[ |
\ ; |
\ | [
| 1S ASSOCIATED WITH 1S ASSOCIATED WITH llu' Ja’ \ 15 ASSOCIATED WITH
1S PART OF 15 ASSOCIATED WITH
I \ / \
| / \ "
| \ / | Innovation
e i | CONTRADICTS CONTRADIETS | and
| —Dallv - \ \\ / Vv technology
| / e
i \ 4 Collaboration
IS CAUSE OF Learning \ / r_7\
| process of \ fx /
students N / —
| A \ /
/ v v /
‘ ./ gy 15 ASSOCIATED WITH
~ Negativity regarding
| 1S PART OF competencies and
objectives
| —— ;
| ~& _ CONTRADICTS e \!

Learning by
mistakes

e e

Free

— ISPARTOF ———

exploration

Conceptual network 2 (Figure 3) shows the interrelationship between the different benefits for learners
and reflects a close link between learning by error and the other elements. It is also seen by teachers as one
of the reasons why pupils become more autonomous and learn through exploration. The importance of
constructing knowledge based on their interests, often related to their everyday lives, is emphasised, and

can lead to more meaningful learning:

“It makes them take it more personally and go deeper into the content because they are the ones really building the

knowledge by doing it.” (Teacher 4, School 1)

Similarly, in terms of critical thinking, the interviewees saw it as closely linked to collaboration and
aspects of innovation and technology. Some of them have already worked with transversal projects and are
now able to give them a new maker approach. In parallel, they state that activities based on real life contexts
have had a positive impact, allowing pupils to see the practical application of what they have learned, as
opposed to previous approaches that focused on theoretical activities or simulations that had little to do
with everyday life.
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FIGURE 4. Balancing knowledge, competencies and innovation
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Conceptual network 3 (Figure 4) shows that, after training, teachers consider it key learning by doing
and associate it with making, building and project-based work. Some teachers state that, after the training
period, they understand the maker philosophy as something that goes beyond the simple act of creating
objects and is linked to sustainability, being transferable to their everyday lives:

“I don’t know, with the children we end up getting them to think about being creators of what they need rather than

consumers.” (Teacher 5, School 2)

In relation to conceptual network 4 (Figure 5, in next page), they highlight pedagogical transformation
as a strength derived from the training received. They emphasise the ease of implementation in the class-
room and the gradual introduction of maker education. They also highlight as a strength the sessions de-

signed to share experiences among teachers, as they encourage reflection and exchange of ideas.

Despite some reluctance at the beginning, as the training sessions progressed, teachers came to appre-
ciate the impact on their pupils’ skills and the learning they had acquired. Among other aspects, they ap-
preciate the strategies and tools provided by the trainer, who accompanies them at all times. Undoubtedly,
one of the most important aspects for the teachers is that the training is specifically personalised. Not only
is it adapted to their needs, but it also responds to the practices and challenges of implementation in the

classroom:

“It’s very tailored to what we need, and very practical ideas for projects are being suggested. That adds a lot of va-
lue to the project because rather than being something generalised a more personalised support is being offered”.
(Teacher 3, School 1)
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FIGURE 5. Project expectations and final opinions

Shortcomings TG TG Redut_::tlon
of ratios
IS ASSOCIATED WITH IS CAUSE OF 1S ASSOCIATED WITH
/ / IS CAUSE OF
Pedagogical —
gogca. IS ASSOCIATED WITH Strengths
transformati —
on
—— IS PART OF
Project
expectations 1S PROPERTY OF
and evaluation \
IS PART OF /
IS PART OF L
. Ease of
Introduc_tlon 1S ASSOCIATED WITH > implementation
of machines

Another positive point they highlight is the opportunity to share training with teachers from other
schools. This approach encourages the exchange of experiences and allows professionals to share experi-

ences and strategies for overcoming challenges in similar contexts.

Overall, the evaluation of the training was positive but teachers also share some challenges that
should be improved in future training implementations. The time commitment of the training sessions
is a major challenge. As for the technological support, some teachers confirm that it could be more
structured and consistent to fully satisfy their needs. Similarly, the pedagogical adaptation part is quite
good, but there is also a shortcoming on which some teachers agree. They say that they feel lost when
integrating them into the classroom with younger pupils. Similarly, they identify some difficulties, such
as the diversity of needs in the classroom, but suggest reducing ratios and support from other teachers

as possible solutions.

Finally, Figure 6 (in next page) shows a summary of all the interviews. The codes represent the re-
lation of the implementation of maker activities after training. This application is characterised by its
flexibility, allowing it to be adapted to different contexts and educational levels. Evaluation is something
that worries teachers to some extent, although, after the training process, they have been able to grad-
ually improve this point. Teachers also consider the space to be important and are very enthusiastic
about the makerspaces that have been created in each of the schools. These are spaces where interdis-
ciplinary work can be carried out with different subjects such as STEAM. Teachers emphasise not only

the technical skills acquired, but also the importance of teaching values such as sustainability and DIY
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(Do It Yourself). In these makerspaces, they confirm that after the training period they are able to include
activities for all the pupils:

“They’re working better now; you don’t see anyone being bored. Everybody’s doing something and that’s because we’ve

changed the methodology. We had children who weren’t engaged in what was being done in class.” (Teacher 5, School 2)

At the same time, they try to promote equity among pupils, as girls feel that they can also pursue tech-
nological careers. Finally, they also stress the importance of having a member of staff in charge of the mak-
erspace to guide and support the pupils in carrying out projects. In conclusion, teachers are satisfied with
training and affirm that a combination of technical and pedagogical elements is needed for a good imple-
mentation. Through these practical spaces and with an interdisciplinary approach, teachers aim to trans-

form education into a creative process adapted to the current educational needs.

FIGURE 6. Synergy of skills and perspectives of the teacher training
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4. DISCUSSION

Despite the lack of teacher training in maker education within schools (Gutiérrez-Esteban & Jaramil-
lo-Sanchez, 2022), this training process, developed in the context of primary and secondary schools in
Catalonia, highlights the variety of content addressed to teachers during implementation. The responses
reflect a clear trend of satisfaction, especially in relation to the support and training received, over and
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above the provision of material resources. These findings are in line with Forbes et al. (2021) and Torralba
(2019), who highlight the importance of providing guidance to teachers during the implementation of such
projects, as they often involve unusual challenges. Aligned with these findings, the present study concurs
with Dominguez-Gonzalez (2018), who highlights that the key to effective training is the ability to combine
practical knowledge, skills, experiences, and competences of the participants. This fact reinforces the idea
that a balance between theory and practice is essential for the successful implementation of educational
maker projects.

Another benefit of teacher training is its personalised approach, allowing to adapt to the specific needs
of teachers. In addition, key aspects such as the design, implementation and evaluation of maker activities
are explored in depth, an approach that is consistent with that of some authors (Rodriguez-Calderén y Bel-
monte-lzquierdo, 2021; Forbes et al., 2021). In addition, the trainer provides concrete tools that are applica-

ble to each teacher’s context, in line with Rodriguez-Calderén y Belmonte-lzquierdo (2021).

An important aspect of training has been learning through error. From the first sessions there was some
reluctance on the part of the teachers to accept change, especially when faced with the idea of adopting
new methodologies. However, as the sessions progressed, a gradual change in their perspective was ob-
served, with a more open and receptive attitude to the learning process. Situations of error were used as an
opportunity to manage frustration, helping teachers to develop this key skill, which they could then transfer
to their classrooms. This approach is in line with the theories of Torralba (2019), who advocates creating
without fear of error, and Hughes et al. (2021), who highlight the importance of fostering positive attitudes
towards error in a safe environment for making mistakes. Furthermore, training confirmed the findings of
Dominguez-Gonzalez (2018), who suggests that although initial frustration may be perceived as a barrier,
with the right support it becomes a motivational driver. In a complementary way, Blikstein’s (2014) ideas on
tolerance and frustration are also confirmed. It has been observed in this research that they promote greater
perseverance and teaches them how to work in heterogeneous teams. Furthermore, promoting contextual-
ised problem-solving in daily challenges has been observed as a positive approach to optimizing the use of
available resources. This approach reinforces the relationship between maker education and the practical
connection with the environment, as noted by Spieler et al. (2022) and Martin et al. (2020), who highlight the
inherent link between this educational approach, the efficient management of resources and the solution of
everyday problems. Dominguez-Gonzalez et al. (2018) also agree in that while implementing maker educa-
tion, work is done collaboratively through problem-solving, as promoted during training. Similarly, to foster
problem-solving, participants were tasked with creating or repairing an artefact artifact. This approach isin
line with the theory of Blikstein (2014), who stated that the teaching-learning process involves the creation
and modification of artefacts into end products to respond to a problem related to the environment of the
educational community in which the project is developed.

An aspect highlighted by both, teachers and observers, is that one of the main points of the training
focuses on how to stimulate pupils’ interest. In this regard, it is observed that when teachers apply what
they have learned, pupils demonstrate a high level of engagement and maintain sustained interest in the
activities, which supports the theories of various authors (Martinez-Moreno et al., 2021; Hwang, 2017; Lin
et al.,2021). This pupils’ engagement is fundamental to the success of maker education. Furthermore, much
of the knowledge during training was covered through practical experiences and activities, which is in line
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with Dominguez-Gonzalez et al. (2018) theory, stating that learning by doing generates meaningful knowl-
edge. This hands-on approach not only enhances the learning process but also fosters a deeper connection

between students and the subject matter (Nikou, 2024).

The difficulties pointed out by Dominguez-Gonzalez (2018), who mentions that public school teachers
often face a lack of financial resources to acquire digital rapid prototyping tools, are not reflected in our
study. The participating teachers expressed a high level of satisfaction, as all the schools involved were
public and the project was supported with European funding. This financial support ensured the provision
of the necessary resources and tools, allowing teachers to fully focus on learning and implementing maker

education without the usual constraints of lack of technological equipment.

In this study, it is observed that there is a lack of training related to the adaptation of activities for
pupils with special educational needs (SEN). Martinez and Bielous (2017) emphasize that, in order to be
inclusive and effective, maker education trainings must take into account the specificities of each pupil.
At the same time, Gutiérrez-Esteban and Jaramillo-Sanchez (2022) highlight the benefits for pupils with
disabilities, as they foster the development of skills that would be difficult to achieve through less hands-
on and practical methodologies.This aspect represents an essential area of improvement for future edu-

cational initiatives.

Despite this shortcoming, the importance of considering the socio-emotional aspects of pupils in their
different contexts has been promoted among teachers. In this sense, we agree with Carrasco and Valls
(2023), who emphasise that the teacher should act as a facilitator of learning, also playing the role of a ref-
erence and support figure during the educational intervention, as well as a companion in the socio-emo-

tional sphere.

5. CONCLUSIONS

This study aimed to assess the development of training for primary school teachers to implement Maker
Education in the classroom. Overall, once the training program was completed, the interviews and obser-
vations confirmed that the centres received good support. It is important to note that training itself has
been positively evaluated, partly due to the use of a framework (Marshall & Harron, 2018) that provides
clear guidance on the content to be covered. Although not all of the elements in the rubric were covered
to the same depth, they were all addressed, some to a greater extent than others. We recommend that
frameworks continue to be used as a support in future studies, as they provide a coherent and facilitating

structure for the design and delivery of training programs.

Indeed, some contents are treated in a transversal way in several sessions, such as maintaining the
pupils’ interest or linking the activities carried out in class with the pupils’ daily life. There are also other
aspects, such as designing or evaluating maker activities in the classroom, that are not cross-curricular,
but are dealt with in depth in specific sessions. This combination provides a balanced approach to teacher
training, as it allows for in-depth exploration of key aspects, while continuously reinforcing essential con-

tent that needs to be considered in most sessions of maker activities.
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Teachers with more experience in maker education find it easier to link activities to pupils’ everyday
lives. However, their prior knowledge can also present challenges, as established practices may need to be
re-thought, which can be complex due to the inertia of existing trends. On the other hand, teachers with
less experience are more open to incorporating new ideas, as they don’t have to unlearn previous practices.
Parallel to that, it is essential that teacher training programs include guidance on adapting Maker Educa-
tion activities to meet the needs of pupils with SEN. Furthermore, it is vital for teaching staff to develop
confidence and proficiency in using technological tools effectively. This will make maker activities easy to

use, useful, satisfying, enjoyable, and ultimately motivating for students (Nikou, 2024).

This study contributes to the field of maker education by identifying key points for teacher training, in
line with current needs around the lack of information on how to effectively prepare teachers (loannou &
Gravel, 2025; Stevenson et al., 2019). These findings highlight the importance of further developing training
models to support teachers. Ultimately, it is beneficial to also consider hands-on activities that provide a
more holistic perspective for both, teachers and pupils. Maker education represents an opportunity for the

holistic development of pupils, in line with the demands and challenges of the 21st century.

5.1. Limitations and future lines of research

As a limitation of this study, the analysis has been confined to two schools due to difficulties in obtaining
permissions, which limits the generalisability of the results. In addition, the teachers interviewed are part
of the team behind the educational project, so the inclusion of other teachers’ perspectives could enrich

the findings.
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