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Purpose: The aim is to investigate teachers’ self-efficacy and per-

ceived role when teaching STEM in Fablabs and Makerspaces. This

is investigated related to teaching in ILEs and using high-tech

equipment. The study was conducted in two countries/regions,

Flanders (Belgium) and Sweden We also compare differences

between teachers depending on nationality, gender, and years of

teaching experience.

Sample: A total of 347 secondary school teachers completed an

online survey. Quantitative analyses was used for all questions in

the survey, except one open-ended question, which was analysed

through inductive thematic coding.

Results: The teachers reported moderate self-efficacy for teaching

in ILEs , and low self-efficacy for using high-tech equipment. Some

teachers described themselves as having active roles as a coach or

as co-learner during visits with their students. Others saw them-

selves as having a passive role. Many teachers did not know what

kind of role to take. The teachers who perceived an active role as

a teacher in high-tech ILEsreported higher self-efficacy to teach in

these environments than other teachers.
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Conclusions: This study shows that a constructionist approach to
teaching is important if teachers are to develop self-efficacy to
teach in high-techlILEs. Thus, developing teacher practices in line
with constructionism in relation to teaching in high-techlLEsis
imperative, in teacher education. The results also highlight that
staff in Fablabs and Makerspaces are important for handling high-
tech equipment. Hence, collaboration between staff in ILEs and
teachers is of importance.

Introduction

Environments focusing on student-centred and problem-based active learning with open
access to high-tech manufacturing equipment are interchangeably referred to as Fablabs,
Makerspaces, and Hackerspaces (among others). Such environments are established in
several countries, and being discovered by teachers for its potential to teach and learn
STEM (Science Technology Engineering Mathematics) (Kurti, Kurti, and Fleming 2014). In
these environments, skills that are considered as important for the future, so called 21°
century skills are being developed when people engage in making activities (Maslyk
2016). Skills include: creativity, problem-solving, communication and collaboration (ibid).

Fablabs and Makerspaces can be characterised as communal open ateliers where
citizens share access to tools that allow them to (co)create products and services, and
as spaces where they can come together to invent, think, explore, and discover.
A typical feature of these spaces is the use of high-tech tools and materials such as
3D printers, laser cutters, and similar equipment. Even though Fablabs and
Makerspaces are found both in informal learning environments (ILEs) and in formal
education, the most common setting so far is as an ILE (e.g. Peppler, Halverson, and
Kafai 2016a,b). Here, we focus on Fablabs and Makerspaces as ILEs and on teachers’
self-efficacy and role when teaching their students in these ILEs. The teachers nor-
mally teach in formal education characterized of a structured education system,
comprising curriculum and assessment of learners’ acquired learning or competences.
However, in ILEs teaching and learning is often unplanned and unstructured
(European Council 2022). These differences between formal and informal learning
environments could pose an obstacle for teachers to teach in ILEs because they
might lack self-efficacy and understanding what role to take in ILEs and how to use
the high-tech equipment normally not present in school, which is the problems
investigated in the current study. Still, teaching in ILEs is important in formal STEM
education as it has been shown to improve important learning goals such as creativity
and problem-solving (Maslyk 2016). As a consequence, bringing students to ILEs to
teach STEM has long been recognized as important complement to formal education
(Rennie 2014).

Although the impact of ILEs on students has been investigated (e.g. Blikstein 2013;
National Research Council 2009; Walan and Gericke 2019), there seems to be few inves-
tigations into the extent to which teachers feel prepared to teach STEM and to facilitate
the learning of STEM competencies when bringing their students to high-tech ILEs like
Fablabs and Makerspaces.
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Hence, in this study we pose three connected research questions. Two of them
explicitly address the lack of knowledge about teachers’ self-efficacy, with respect to
teaching in ILEs (Al Bataineh and Anderson 2015; Morag and Tal 2012). Furthermore, we
also address the changed role teachers need to adapt to when visiting ILEs with their
students if it is to connect to the theoretical underpinnings of constructionism that is
related to high-tech ILEs (e.g. Freeman et al. 2017).

(1) How are teachers’ self-efficacy in: (a) using informal learning environments in their
teaching in general versus specific in Fablabs/Makerspaces (b) using technological
equipment?

(2) How do teachers from various countries (Belgium and Sweden), of different gender,
and having different levels of teaching experience, differ with regarding these two
self-efficacy measures?

(3) How do teachers describe their own role when visiting informal learning environ-
ments such as Fablabs and Makerspaces with their students?

Background

First, we define what is meant by high-tech ILEs like Fablabs and Makerspaces. We also
outline studies on teachers’ readiness to teach their students in these environments as
situated in ILE contexts. Thereafter, we outline the theoretical background of self-efficacy
as well as studies on teachers’ self-efficacy and perceived role of teaching in high-tech
ILEs.

High-tech learning environments such as fablabs and makerspaces

Fablabs (short for Fabrication Laboratories) are spaces where people meet, exchange
ideas, and collaborate with the goal of designing and digitally manufacturing custom
built objects. Such environments were first introduced at Massachusetts Institute of
Technology in 2001 (Gershenfeld 2005). All Fablabs have at their core the same
hardware and software capabilities, allowing for people and projects to be easily
distributed across them. They are commonly set up in the context of an institution,
such as in a university, a foundation, or a company. Fablabs are supported by a global
Fablab association, responsible for dissemination of the Fablab concept and promo-
tion of collaboration among Fablabs (Rosa et al. 2017). Besides access to specific sets
of equipment such as 3D printers, laser cutters, CNC mills, etcetera, the activities have
a constructionist approach to teaching and learning (Martinez and Stager 2013).

A constructionist approach means that learning is production-based and active, rather
than passive (Harel and Papert 1991). Sometimes, it is simplified as being a matter of
‘learning-by-making’, but Harel and Papert (1991) argued that it is much more multi-
faceted than that. It includes student-centred, discovery and project-based learning,
where students make connections between different ideas and areas of knowledge.
According to constructionism, maker activities are also interest-driven (e.g. Dougherty
2013). Constructionism is related to constructivist learning theory in the sense of defining
learning as building knowledge structures, irrespective of circumstances of learning.
However, constructionism is an extension of constructivist learning theory (Sheridan
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et al. 2014), but in constructionism focus is on the learning that occurs when people are
constructing physical or digital artefacts (e.g. Papert 1993; Tan 2019). We do not argue
that constructionism is not occurring in formal education in classrooms, but this learning
theory is strongly connected to learning in high tech ILEs and is therefore of importance
for this study. Moreover, Resnick and Rosenbaum (2013) claim that constructionism is out
of favour in many of the formal education systems and that teaching in ILEs therefore are
important to further stimulate constructionist learning.

Makerspaces are similar to Fablabs; however, such spaces emerged from groups of
independent individuals who wanted to share their making and spaces with other
enterprises who value joint engagement and access to a range of tools and materials
including digital equipment (Peppler, Halverson, and Kafai 2016a). Makerspace refers to
any generic space that promotes active participation, knowledge sharing, and collabora-
tion among individuals through open exploration and creative use of tools and technol-
ogy. Originally, it was presented in MAKE Magazine in the context of creating tinkering-
spaces for children (Cavalcanti 2013). Tinkering is defined as an experimented, iterative
style with the tinkerer exploring new paths and possibilities, trying out ideas, making
adjustments and refinements, namely a style of making physical or digital artefacts
(Resnick and Rosenbaum 2013). In Makerspaces, digital fabrication and programming
are key activities (e.g. Davies 2017; Kjallander et al. 2018), and high-tech equipment that
was previously found only in larger organisations is common (e.g. Dougherty 2013;
Halverson and Sheridan 2014). Thus, Fablabs and Makerspaces are similar ILEs when it
comes to learning approaches and high-tech equipment.

As mentioned, Fablabs and Makerspaces are most often considered as ILEs (Peppler,
Halverson, and Kafai 2016b), even though these kinds of environments are being set up in
schools and incorporated into the curricula in some countries (Vuorikari, Ferrari, and Punie
2019). Often, it is argued in the literature that in these ILEs, a different culture, a maker
culture, is created that is quite different from formal schooling. Here, student-centred,
discovery, and project-based learning that is interest driven comes at fore, which is quite
different from curriculum, teacher-centred, and assessment-driven formal STEM educa-
tion (Dougherty 2013). Moreover, the maker culture is multidisciplinary, including aspects
of several school subjects such as art, physics and mathematics, which is different from
the discipline based schooling. However, the inclusion of STEM knowledge in maker
culture is pointed out as a possible bridge overriding the differences between the
maker culture and formal schooling (Vossoughi, Hooper, and Escudé 2016).

Regardless of whether maker activities take place in a Fablab or a Makerspace, it has
been argued that making in these environments can assist in fostering skills in the
contexts of STEM (Vuorikari, Ferrari, and Punie 2019). Furthermore, many scholars argue
that Makerspaces can be used to motivate learners (e.g. Bevan et al. 2015; Tan 2019;
Vuorikari, Ferrari, and Punie 2019). Moreover, research have shown that activities in
Fablabs and Makerspaces can contribute to makers’ development of skills that are
important for the future, such as creativity, collaboration, critical thinking, problem-
solving, etcetera (e.g. Bevan et al. 2015; Peppler, Halverson, and Kafai 2016b; Vuorikari,
Ferrari, and Punie 2019). Addition, Ryan et al. (2016) argue that maker-centred learning
also promotes development of a sense of personal agency and self-efficacy, capacities
that are related to human development (Ryan et al., 2016). Moreover, Andrews, Borrego,
and Boklage (2021) found that students who visited a Makerspace showed increased self-



RESEARCH IN SCIENCE & TECHNOLOGICAL EDUCATION e 5

efficacy in design and innovation, technology, and in belonging to the Makerspace and
the community. Hence, there are several positive reports on benefits to students from
participating in these kinds of environments. On the other hand, studies reporting on
teachers’ self-efficacy or role when teaching in high-tech ILEs, such as Fablabs and
Makerspaces, seem to be few. Hence, this is the research gap this study aims to fill.

Teachers’ self-efficacy when teaching STEM in informal learning environments

Before reviewing the few findings that have been reported relating to teachers’ self-
efficacy teaching STEM in ILEs in general, and more specifically in high-tech ILEs, we return
to the definition of self-efficacy as described in literature, since it is a central theoretical
concept in our study.

Self-efficacy has been defined by Bandura (1993) as a person’s belief in their ability to
succeed in a particular task in a particular situation. The construct thus relates to per-
ceived beliefs about a person’s capabilities rather than their actual capabilities. According
to Bandura (1993), self-efficacy affects cognitive processes: the greater the self-efficacy,
the higher the goals that are set and the greater the commitment to performing specific
tasks. Perceived self-efficacy affects how people deal with failures and their level of
patience when encountering difficulties. When specifically discussing teachers’ self-
efficacy, the concept relates to teachers’ beliefs in their ability to motivate and stimulate
learning. When teachers’ self-efficacy is low, this will have a negative effect on students’
learning (e.g. Guo et al. 2012).

Pajares (1992) suggested that a person is likely to pursue activities and situations in
which they feel competent, and to avoid situations in which they doubt their own
capability. Similarly, researchers (e.g. Guskey 1988; Stein and Wang 1988; Woolfolk Hoy
and Davis 2006) have argued that teachers with high self-efficacy are more open to new
ideas and are willing to test new methods to better meet their students’ needs. Recent
studies support the importance of studying teacher self-efficacy as a key concept to
understanding why and how, across diverse situations, teachers have different impacts
on student learning and achievement of educational goals (e.g. Kiinsting, Neuber, and
Lipowsky 2016).

From a specific perspective on teachers’ self-efficacy teaching in ILEs, there are few
studies available. There are studies, however, investigating teachers’ lack of skills in
teaching within ILEs, often concluding that teachers need help to develop pedagogies
for teaching and learning in ILEs (e.g. Griffin 2012; Tal, Bamberger, and Morag 2005). It is
reported that teachers lack skills to manage visits to ILEs, often they often relying on
educators in the ILEs to scaffold students’ learning during the visit.

In studies on teachers’ self-efficacy to teach in high-tech ILEs, we find that in the
context of STEM teaching, it has been claimed that teachers are uncertain about the
meaning of the T in STEM (El-Deghaidy and Mansour 2015); hence, technology presents
a major challenge for teachers. For example, Hasse (2017) argued that teachers lack the
technological literacy needed to implement new educational technologies in their class-
rooms. Hasse (2017) refers to technological literacy, as defined by International
Technology Education Association (International Technology Education Association
2000/2007), which is the ability to use, manage, assess and understand technology.
However, she argues that technological literacy should benefit from including other
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aspects as well, such as how technology change relations, identities and power structures.
Here, we do not go that far; instead we focus on teachers’ self-efficacy to use high- tech
equipment found in Fablabs/Makerspaces, thus the management part described in
International Technology Education Association (2000/2007). Self-efficacy has been iden-
tified as a factor influencing teachers’ technology integration in teaching (e.g. Ertmer and
Ottenbreit-Leftwich 2010). If teachers have low self-efficacy in using technological equip-
ment in their classrooms it can be expected that this could be problematic when bringing
their students to high-tech ILEs (Walan 2020).

It is not surprising that teachers lack professional knowledge related to digital technol-
ogy and design thinking, since this is not part of their basic teacher training (Eriksson et al.
2018). Similary, Wardrip and Brahms (2016) found that teachers requested professional
development in how to handle tools, materials, and to create making projects. However,
Song (2018) was aware of this situation and conducted an action-research study involving
pre-service teachers to improve their self-efficacy in using technology. The pre-service
teachers tested different kinds of technology in a Makerspace, and it was found that they,
for instance, gained self-efficacy in using 3D printers and Tinkercad software. Hence, it is
not conclusively found that all teachers lack self-efficacy in integrating high-tech ILEs into
their formal STEM teaching. Therefore, investigating teachers’ readiness to teach in ILEs
using high tech equipment is important.

Background variables influencing teachers’ Self-efficacy when teaching STEM in
high-tech informal learning environments

As this study focuses on high-tech ILEs, which are new to most people (Peppler,
Halverson, and Kafai 2016a), trends in teachers’ self-efficacy may differ from those of
other ILE types. Given the context’s novelty, we also investigate the effects of gender and
the teacher’s experience with high-tech equipment. Indeed, studies have shown that both
these factors can affect self-efficacy (e.g. Al Bataineh and Anderson 2015; Woods et al.
2008), however, the results of these earlier studies are not entirely consistent.

From the gender perspective, Al Bataineh and Anderson (2015) found that female
teachers had higher self-efficacy in using new technologies than did male teachers.
Conversely, Woods et al. (2008) found that levels of self-assessed ability using technology
were significantly higher among male physics education teachers than among their
female counterparts. Generally, i.e. not specifically related to teachers’ self-efficacy, stu-
dies have noted that Makerspace activities are often seen as male pursuits (e.g. Eriksson
et al. 2018). It may therefore be assumed that this notion of maker culture as male
dominated can affect females’ self-efficacy as makers and perhaps also as teachers in
such an ILE. Consequently, it is important to investigate possible gender differences
relating to self-efficacy when teaching in these environments and using high-tech mate-
rial. If gender differences are empirically found, efforts needs to be made to change the
notion of maker activities as a male culture, if we want also female teachers to teach STEM
in Fablabs and Makerspaces.

From the perspective of teaching experience, studies have shown that teachers’ evalua-
tions of their ability in using technology are contradictory. Some studies report no
significant differences in the use of technology in teaching between teachers with
different levels of teaching experience (Woods et al. 2008). Other studies indicate that
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length of teaching experience has a significant effect and that younger teachers with less
teaching experience are more likely to use technology (Al Bataineh and Anderson 2015).
Considering the use of equipment such as 3D printers, laser cutters, CNC mills and
software in Fablabs/Makerspace, it might be likely that these teachers, might have
encountered such equipment in their everyday life or even teacher training, making it
of interest to investigate possible differences in self-efficacy to teach in these environ-
ments and to use high-tech material.

These results raise questions regarding the existence of a relationship between gender
and self-efficacy in using technology in teaching, the influence of age/teaching experi-
ence, and the possibility that older teachers might be expected to be more conservative
and less well acquainted with new technologies. In short, when studying teacher self-
efficacy, gender and teaching experience can be important mediating factors to under-
stand and explain differences among teachers.

Teachers’ role when teaching STEM in high-tech informal learning environments

As mentioned, constructionism has been suggested to be the theoretical base for high-
tech ILEs such as Fablabs and Makerspaces (e.g. Harel and Papert 1991). In construction-
ism learning is seen as driven by learners’ own interest and open-ended discovery (ibid.) in
contrast to formal education, where there are intended learning objectives to achieve.
Because of these theoretical underpinnings in constructionism, the teachers’ role is
suggested to change to an active coach and co-creator, rather than a passive observer
and controller (e.g. Freeman et al. 2017).

Intriguingly, in STEM research, little attention has been directed to the role of the
teacher in facilitating students’ learning in Makerspaces (Kajamaa, Kumpulainen, and
Olkinuora 2020). However, researchers have argued that there are great challenges for
teachers when they are supposed to teach in Fablabs/Makerspaces because their iden-
tities and roles are changed (e.g. Petrich, Wilkinson, and Bevan 2013). The teachers are
being repositioned from being the leader in the classroom to becoming a ‘guide at the
side or, peer at the rear’ (Godhe, Lilja, and Selwyn 2019). Some argue that teachers totally
rely on educators in the ILE to take the role of scaffolding learning (Tal, Bamberger, and
Morag 2005).

Campos, Soster, and Blikstein (2019) concluded that there are several tensions to
consider in the meeting between schools and Fablabs/Makerspaces, one of theme
being the teacher identity versus the tinker identity. (We understand a tinker in their
study, as being equal to a facilitator in the Makerspace). Campos et al. noticed that
teachers often mentioned the tinkers as the one being responsible for technology,
while teachers have the role of being in command and control. Still, the question of
how teachers adopt these new roles in high-tech ILEs is under-explored and will be
addressed in this study, linked to their self-efficacy to teach and use high-tech equipment.

Research context

This study was part of a European project designed to identify the competencies that
teachers need to teach STEM in high-tech ILEs, such as Fablabs and Makerspaces. The
project also aimed to determine how teachers can identify priorities in their own professional



8 e J. BOEVE-DE PAUW ET AL.

development to better support students’ learning of STEM competences in the context of
high-tech ILEs. The project was run by a consortium, with participants from six countries; the
current study was conducted in two of these partner countries, namely Belgium (Flanders)
and Sweden. High tech learning equipment such as CNC mills or laser cutters are not
common in lower secondary school settings (students aged 13-15) in Sweden or Flanders.
Therefore, it is important to investigate the teachers’ readiness to teach in ILEs were such
equipment and learning spaces are available. Both countries have recently implemented
curriculum changes calling for teachers to use high-tech digital learning tools and are thus
interesting cases for investigating teachers’ self-efficacy to teach in high-tech learning
environments. These recent curriculum changes are summarised below.

In Sweden, STEM has traditionally been divided across different subject areas (physics,
chemistry, biology, and mathematics). The Swedish national curricula were updated in 2018
to adapt to the development of digitalisation. The underlying principle was that education
should help children and students to develop an understanding of how digitalisation affects
the individual and society. Students’ ability to use and understand digital systems and
services should be developed (Skolverket 2018). Besides the curriculum changes, Fablabs
and Makerspaces are emerging in virtually all technical museums as well as in science
centres and libraries, and the maker-culture is also taking hold in schools (Vinnova 2018).

In Flanders (the Dutch-speaking region of Belgium), STEM has long been part of the
curriculum (Knipprath et al. 2018) and traditionally been taught across different subjects
(physics, chemistry, biology, and mathematics). The new curriculum introduced in 2019
states that an integrated approach should be prioritized to teaching STEM during the first
two years of secondary education (Department of Education 2019). This shift also included
a reorientation of STEM education, from being primarily content-based to more compe-
tence-based. This has created a significant challenge for science teachers and many of them
see a potential in collaborating with one of the many Fablabs or Makerspaces that have
been installed in Flanders over the last decade. While these spaces were not connected to
education when first established, they are becoming increasingly open to collaboration with
schools. Some have even been set up specifically to serve schools’ STEM education needs.

Methods

We collected survey data from secondary school teachers in two countries (Sweden and
the region of Flanders in Belgium). Statistical analyses were used to measure outcomes of
the teachers’ self-efficacy from the aspects mentioned, and inductive thematic coding
analysis was used to assess the results of the open-ended question. Next, more details are
presented about the participants and the procedures.

Participants

The study’s participants comprised 347 secondary school teachers (70% from Sweden,
and 30% from Flanders in Belgium; 46% male and 54% female) who volunteered to
participate. Teachers were recruited during teacher educational conferences and profes-
sional development courses, and via professional teachers and Fablab networks. The
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participants had different lengths of teaching experience (25% <10 years, 75% >10 years),
and all of them taught at least one STEM subject in their school. Table 1 summarises the
characteristics of the samples.

Procedure and instruments

An online questionnaire was developed to investigate the research questions. The survey
instrument asked teachers about their self-efficacy in teaching in ILEs in general, and in
specific ILEs, e.g. Fablabs and Makerspaces. The reason for this is that the literature (see
background) acknowledge that teachers to teach in Fablabs/Makerspaces need to over-
come difficulties that are general to all ILEs, as well as difficulties relating specifically to
high tech learning environments. Therefore, we constructed items that reflects teachers’
self-efficacy considering teaching generally in ILEs and specifically in Fablabs/
Makerspaces. Furthermore, we asked teachers about their self-efficacy in using high-
tech equipment. The survey instrument also included one open-ended question about
teachers’ perceived role teaching in high-tech ILEs. The items in the questionnaire can be
found in Appendix I.

The questionnaire was developed by the three first authors as an iterative process and
thereafter discussed with the fourth author until a consensus was reached about the final
version. The first section comprised items capturing information about the respondents’
gender, years of experience as a teacher, and subjects taught. The second section
comprised items about teachers’ self-efficacy in using high-tech equipment. The third
section covered self-efficacy in teaching in ILEs, in general, and in Fablabs/Makerspaces
specifically. These two self-efficacy scales were constructed based on the guidelines of
Cohen, Manion, and Morrison (2011, p. 402-403) and the instrument development
process described by Gentry et al. (2014). Participants were asked to self-assess their self-
efficacy on a 4-point Likert scale to avoid middle category endorsement (Kulas and
Stachowski 2013). The final part of included the following open-ended question about
the teachers’ perceived role in high-tech ILEs: ‘How do you perceive your own role in the
context of a Fablab/Makerspace?’ The respondents were invited to describe in their own
words how they perceive their role, for example, by giving examples of what they would

Table 1. Characteristics of the Swedish and Flemish samples.

Sweden Flanders Total
Subject n M:F* n M:F* n M:F*
Biology 102 0.42 28 1.15 130 0,53
Chemistry 104 0.42 18 1.25 122 0,51
Physics 124 0.63 34 1.43 158 0,76
Natural Sciences 129 0.47 18 2.60 147 0,59
Technology 205 0.66 39 2.55 244 0,81
Engineering 2 ** 27 2.86 29 3,14
Mathematics 196 0.55 30 0.58 226 0,65
Total*** 242 0.70 105 1.38 347 0,86

* calculated as the M to F ratio (number of males divided by number of females)
** in the Swedish sample there were no female engineering teacher
*** because teachers could indicate multiple subjects, the total is not equal to the sum of the subjects
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do in such an environment, or by highlighting how they would support the students or
collaborate with staff at the ILE. We identified three distinct roles based on the responses
to the open question. Each teacher was categorised into one of these roles based on his or
her response, and a dummy variable was created for each role, to be able to compare
teachers’ self-efficacy measures based on that role.

Data analyses

First, to validate the instrument, we conducted an exploratory factor analysis
(Principal axis factoring with oblique rotation); using all 13 items listed in the
appendix revealed a solution with two factors having an eigenvalue above 1
(6.569 and 2.398, respectively) that together explain 68.98% of the variance. The
first factor included all items (4) relating to self-efficacy to use technology, and
the second one included all items (9) relating to self-efficacy to teach in ILEs.
Reliability was tested through the calculation of Cronbach’s alpha values as an
estimation of the internal consistency of the scales. The alpha value for self-efficacy
in teaching in ILEs was calculated as 0.90 and 0.88 for self-efficacy in using
technological equipment. These alpha values are well above the cut-off of 0.65
and we can therefore assume the measure to be reliable. Based on these findings
and the previously mentioned Cronbach alpha values, we can assume that our
instrument presents content and construct validity as well as reliability of our
measures (Taherdoost 2016).

Second, we applied descriptive statistics to study the participating teachers’ self-
efficacy to teach in ILEs (research question 1a) and to use technology (research question
1b). SPSS v25 (Statistical Package for the Social Sciences) was used for the quantitative
analyses. We used Pearson’s correlations to estimate associations between the two self-
efficacy measures (teaching in ILEs and technology use). Next, analyses of variance
(ANOVA) and regression analyses were used to explore potential differences between
respondents based on their nationality-, gender-, and teaching experience, for both self-
efficacy measures (research question 2).

The responses to the open-ended item on the teachers’ perceived role in an ILE
(research question 3) were analysed with inductive thematic content analysis, as
described by Braun and Clarke (2006). Iterative reading and independent coding con-
ducted by two of the authors revealed three distinct categories. The teachers were
coded as having one self-identified role each. Examples of responses to the three
categories will be presented in the results section. An excel sheet was used in which
excerpts from the open-ended responses in the questionnaire were pasted and coded.
Only a few responses required discussion to reach a consensus. The interrater reliability,
based on the correlation coefficients for absolute agreement, was excellent (IRR = 0.99);
after discussion, a consensus was reached regarding all answers. Analysis of variance
(ANOVA) and regression analysis were then performed to explore the relationship
between the different types of roles and teachers’ reported self-efficacy regarding ILEs
and technology use.
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Results
Teachers’ self-efficacy

The mean values and standard deviations of the scores regarding teachers’ self-
efficacy to teach in ILE and self-efficacy to use technology, are presented in
Table 2. Knowing that the teachers responded to a 4-point Likert scale with (thus,
we switch in interpretation between positive and negative at the cut-off values of
2.5) these results indicates that teachers have moderate self-efficacy in teaching in
ILEs (including high- technological ILEs, such as Fablabs and Makerspaces) but low
self-efficacy in using technological equipment. Teachers’ self-efficacy to teach in ILEs
was related to their self-efficacy to use technology (r = .37, p < 0.01). The Cronbach’s
a internal consistency estimates show an acceptable range above 0.65 (Cohen,
Manion, and Morrison 2011), see Table 2.

Differences between teachers’ self-efficacy

The overall explained variance of the model was low R? = .04, indicating that other
factors than those included in this study contribute to understanding and explaining
differences among teachers in their self-efficacy to teach in ILEs and to use techno-
logical equipment. No main effects were found regarding teacher characteristics (i.e.
country (F (1, 290) = .07, p = .792), gender (F (1, 290) = 1.03, p = 312), and teaching
experience (F (1, 290) = .42, p = .515)) on self-efficacy to teach in ILEs. Table 3 shows
the standardised beta coefficients of the main effects and interaction effects. Dummy
coding was used, with the last category being a reference category in each case.
Non-reference categories are specified in parentheses in the table. A significant
interaction effect was found between country and gender. In Flanders, but not in
Sweden, men reported higher self-efficacy compared to women.

Conversely, for self-efficacy in technology use, main effects were found for country
(F (1, 306) = 29.76, p < .05) and gender (F (1, 306) = 21.76, p < .05). An interaction
effect was also found between country and gender (F (1, 306) = 10.31, p < .05).
Table 4 presents the standardised beta coefficients for all the main effects and the
interaction effects. As shown in Table 3, the last category served as a reference
category and non-reference categories are specified in parentheses. Male teachers
reported higher self-efficacy to use technological equipment than female teachers,
and this difference was more pronounced among teachers in Flanders than among
those in Sweden.

Table 2. Means, standard deviations and internal consistency for the self-efficacy scales relating to
using informal learning environments and technological equipment. Scale ranged between
a minimum of 1 and a maximum of 4.

Self-efficacy in teaching in informal learning Self-efficacy in using technological
environments equipment
M 3.02 1.96
D .60 87

n° of items 9 4
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Table 3. Estimates of the effects of country, gender, and teaching experience on self-efficacy
in using informal learning environments.

B SE t Sig.
Intercept .01 .10 .10 917
Main effects
Country [Flanders] -.09 21 -43 668
Gender [male] -.19 .16 -1.20 231
Teaching Experience [<10 years] -12 22 -.55 .586
Two-way interactions
Country x Gender 73 30 2.46 015
Country x Teaching Experience .09 44 .20 .845
Gender x Teaching Experience 51 34 1.47 144
Three-way interaction
Country x Gender x Teaching Experience -1.104 .60 -1.85 .065

Note. Non-reference categories are specified in parentheses.

Table 4. Estimates of the effects of country, gender, and teaching experience on self-efficacy
in using technological equipment.

B SE t Sig.
Intercept -35 .09 -3.95 .000
Main effects
Country [Flanders] 25 .19 136 175
Gender [male] 27 14 2.01 .046
Teaching Experience [<10 years] .08 .18 44 661
Two-way interactions
Country x Gender 1.10 .26 422 .000
Country x Teaching Experience .05 35 a3 .896
Gender x Teaching Experience -.18 .29 —-.62 534
Three-way interaction
Country x Gender x Teaching Experience —-.60 49 -1.22 223

Note. Non-reference categories are specified in parentheses.

Teachers’ roles in high-tech informal learning environments

Based on the teachers’ own descriptions of their role (provided as answers to an open-
ended question in the survey), we identified three different categories of responses. The
teachers either describe an active co-creator role, a passive observer role, or they do not
know what their role is when visiting ILEs, with their students. The active role was
characterised by two types of ‘active’ behaviour. First, active teachers expressed that
they wanted to play a supporting role in which they guide and coach the students during
their time in the informal learning environment. A second active role is that of the ‘teacher
as learner’. In these cases, teachers expressed that they wanted to be part of the learning
process themselves, and that they saw visits to ILEs as opportunities to participate in
learning together with their students.

Teachers reporting a passive role mainly wanted to stay in the background as observers
or saw their role as being solely disciplinary, i.e. contributing with knowledge on STEM.
A third group of teachers indicated that they did not know their role. Sometimes they
indicated that this was due to never having visited a Fablab or Makerspace, or being
unfamiliar with the concept of an ILE. An overview of the roles adopted by the teachers,
the numbers of teachers adopting each role, and representative answers to the open-
ended question for each role are presented in Table 5. Of the 347 participants, 198
answered the open-ended question.
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For those teachers for whom were able to attribute a role (198 of the 347 teachers), the
perceived role in ILEs, was linked to the reported degree of self-efficacy in using such ILEs
(F (3, 179) = 4.34, p < .05). The effect of perceived role remained after controlling for
country, gender, and teaching experience, showing that there is a main effect of teachers’
perceived role in their self-efficacy in using ILEs. Teachers who perceived their role being
active in the ILEs, especially focused on being part of the students’ learning process,
reported higher self-efficacy in using the ILEs. A similar but somewhat smaller impact was
observed for an active supportive role. Table 6 shows the standardised beta coefficients
resulting from a linear regression analysis, for the different roles, with the unknown role as
a reference category.

Similar results were found regarding the relationship between perceived roles in ILEs
and self-efficacy to use technological equipment. Teachers adopting different roles
differed in their reported self-efficacy to use technological equipment (F (3,
175) = 18.50, p < .05), and this effect remained after controlling for country, gender,
and teaching experience. Teachers who perceived their role as being active reported
higher levels of self-efficacy to use technological equipment than teachers who did not
know their role. Table 7 presents the standardised beta coefficients for the different
perceived roles, with the unknown role as a reference category.

Discussion

This study sought answers to questions concerning teachers’ self-efficacy to teach in ILEs,
specifically in high-tech ILEs, to use high-tech equipment and how teachers perceive their
role teaching in high-tech ILEs. Below follows a discussion of results through the perspec-
tive of previous, albeit few, studies, as well as the significance of our findings.

Table 5. Perceived roles of teachers, numbers of responses corresponding to each role, and repre-
sentative responses.

Perceived role N Example answer

Active role 82

Active 67 ‘I see myself as a guide to the students, and | support them. My task is to listen, and to stimulate
supporting them to discover and be creative’.

Active 15 ‘Discovering along with the students, experimenting, being eager to learn’.
learning

Passive role 7 ‘I would position myself in the background and make sure students stay focused on the task'.
Unknown role 95 ‘I do not know what a Fablab or Makerspace is. | need to find more information’.

‘| have never visited a Fablab or Makerspace'.

‘l do not know my role’.

Table 6. Estimates of the effects of perceived role in an informal
learning environment on self-efficacy in using informal learning
environments.

B SE t Sig.
Intercept —-.26 .09 -2.83 .005
Active role
Active supporting 43 14 3.03 .003
Active learning 64 25 2.56 011

Passive role .04 .35 11 912
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Table 7. Estimates of the effects of perceived role in an informal
learning environment on self-efficacy in using technological

equipment.
B SE t Sig.
Intercept —-.46 .08 -5.40 .000
Active role
Active supporting 97 13 7.35 .000
Active learning .67 .23 293 .004
Passive role 35 32 1.09 277

Teachers’ self-efficacy teaching in informal learning environments and in using
high-tech equipment

We found that teachers reported moderate self-efficacy to teach in ILEs in general. These
results are novel because we have not found any previous quantitative study investigat-
ing teachers’ self-efficacy to use ILEs in their teaching, only the reports about teachers’
lack of skills in this respect (e.g. Ertmer and Ottenbreit-Leftwich 2010; Griffin 2012; Tal,
Bamberger, and Morag 2005). Our findings are promising, showing that STEM teachers are
not negative towards teaching in ILEs as might be expected considering previous research
on teacher skills. Instead, the results of this study are more in line with Song (2018),
showing that with support, as in-service training, teachers might be prepared to take on
the task of teaching in ILEs.

However, teachers’ self-efficacy in using the high-tech equipment in the ILEs was
reported as being low, indicating that teachers felt ill-prepared to use high-tech equip-
ment. This is consistent with the findings of previous studies (Eriksson et al. 2018; Hasse
2017; Walan 2020; Wardrip and Brahms 2016), who argued that teachers need more
knowledge about how to handle high-tech equipment. Based on our results, we can
conclude that use of high-tech equipment is one of the most important hurdles for
teachers to teach in high-tech ILEs, at least in Flanders and Sweden. However, teacher
education programmes and guidance from, or collaboration with qualified personnel (e.g.
Fablabs/Makerspaces staff) might enhance teachers’ self-efficacy in environments with
high-tech equipment, and they could be a way to improve STEM teachers’ self-efficacy in
using high-tech equipment, as also proposed by Griffin (2012) and Tal, Bamberger, and
Morag (2005).

Differences in teachers’ self-efficacy in teaching in high-tech informal learning
environments related to background

Comparing teachers from Belgium (Flanders) and Sweden, we found some differences
related to gender, which is of interest, because Makerspace activities are often seen as
male pursuits (e.g. Eriksson et al. 2018). Male teachers in Flanders, but not in Sweden,
reported a higher self-efficacy to teach in high-tech ILEs compared to female teachers.
Although we have no straightforward explanation for this interaction effect, it could be
the result of ILEs being more common and widespread in Sweden among male and
female teachers. The results of previous studies (Al Bataineh and Anderson 2015; Woods
et al. 2008) on this issue are inconsistent: some reports indicate that female teachers have
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higher levels of self-efficacy than males, and some show the opposite. It is, therefore, not
yet possible to draw firm conclusions on whether male or female teachers have higher
self-efficacy to use technological equipment, and these differences appear to be con-
nected to cultural contexts. More studies are called for to investigate this issue further,
especially since these kinds of ILEs still are quite new to most people (Peppler, Halverson,
and Kafai 2016a).

Surprisingly, we did not find any effects of teaching experience on self-efficacy to use
technology in any of the countries where this study took place. One might expect
teachers with less experience to generally be younger and more familiar with modern
technologies than their more experienced counterparts since for instance, experience has
been argued as a factor of influence on teachers’ self-efficacy in this respect (e.g. Al
Bataineh and Anderson 2015; Vannatta and Fordham 2004). However, our data do not
support this expectation. The results highlight that we should not assume that the use of
technological equipment will be introduced into the school through younger teachers.
These results seems to indicate that current in-service teacher education programmes in
Flanders and Sweden do not provide teacher students learning opportunities with high-
tech equipment, which calls for an update of these programmes if they intend to stay in
tune with the STEM development in society. Hence, if we want teachers to be able to
handle high-tech equipment in ILEs, professional development of in-service teachers, as
well as preparation of pre-service teachers, are needed.

Teachers’ perceived role when teaching in high-tech informal learning
environments

As previously argued (Kajamaa, Kumpulainen, and Olkinuora 2020), few studies have
investigated teachers’ role in ILEs like Makerspaces, we investigated how teachers in our
study perceived their role in ILEs. The teachers who perceived their role in ILEs as being
active (i.e. focused on supporting, guiding, and learning alongside students) reported
higher self-efficacy in these environments. This is not surprising, but it indicates that
teachers’ increased self-efficacy to teach in high-tech ILEs is linked to a role as a coach or
fellow student. This role differs extensively from a traditional, more transmissive teacher
role as lecturer, handling close-ended tasks with guided inquiry, where students are not to
come up with questions themselves. What the results from two countries show is that
there were some teachers who have adopted the role a teacher should have according to
constructionism, namely being a facilitator and coach (e.g. Freeman et al. 2017).

Teachers who are acquainted with the physical and pedagogical environment of
a Fablab or Makerspace may feel more certain about their role (which is more likely to
be active) and have greater self-efficacy regarding both teaching in such environments
and using the equipment that they offer. Since self-efficacy can be defined as a person’s
belief in his/her ability to succeed in a particular situation (Bandura 1993), this is consis-
tent with the finding that uncertainty or insecurity regarding one’s role in ILEs is linked to
lower self-efficacy.

In our study, there were teachers who reported that they wanted to have a passive role
or that they were uncertain of what role to take. These findings can be explained in two
ways. It may be that this group of teachers were simply insufficiently familiar with ILEs,
such as Fablabs and Makerspaces, and that they did not have knowledge about the
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constructionist learning tradition. If so, the teachers could be confused about their
identity and role in these kind of environments (e.g. Campos, Soster, and Blikstein 2019;
Petrich, Wilkinson, and Bevan 2013). Alternatively, a reason could be that the teachers, as
argued by researchers (e.g. Wardrip and Brahms 2016; Tal, Bamberger, and Morag 2005),
simply wanted to rely on staff in the ILEs to be in charge and chose a lay-back profile
themselves.

If more teachers are to develop an interest in having an active role when teaching
STEM at high-tech ILEs with their students and to develop their self-efficacy in this,
teachers need more experience in doing so and maybe even some kind of teacher
professional development course.

Song (2018) argued that the teachers in his study, even though they did not have any
prior knowledge of Makerspaces, developed confidence in working with, for instance, 3D-
printers in Makerspaces when they participated in hands-on and theoretically grounded
professional learning activities. In professional development we need to develop teachers’
skills and an identity in a way that they also can see themselves as taking an active role in
order to align with the constructionist learning tradition of Fablabs/Makerspaces.

Limitations and future studies

The current study focused on Sweden and Belgium (Flanders) because of the importance
to follow up national curricula changes. The results highlight that local, cultural, policy
and curriculum contexts shape teachers’ self-efficacy to teach STEM in high-tech ILEs, and
these results should only be transferred to other cultural and policy contexts with caution.

We acknowledge that we relied on an online survey, which may have inflated the
number of teachers reporting uncertainty about their role in ILEs. The participants in this
study were recruited by contacting teachers attending teacher educational conferences
and professional development courses, and via professional teacher and Fablab networks.
Because we made no effort to control which of these teachers completed the question-
naire, the participants cannot be assumed to be representative of the population of
teachers in general (they were contacted because of their connections to, or interest in
high-tech ILE).

Furthermore, the study is not an exclusive survey of teachers who are accustomed to
Fablab/Makerspace visits. However, we make no claims about the proportions of
teachers adopting specific roles; instead, we focus on the existence of different roles
and their relationship to self-efficacy. Therefore, the absolute number of teachers
reporting an unknown role should not greatly affect the reliability or validity of our
results. The use of an online survey can thus be considered an appropriate way to
address our research questions, and we can safely assume that teachers who have never
visited a Fablab/Makerspace, or are unfamiliar with the concept of ILE will be less ready
for the future, in terms of self-efficacy teaching in these kinds of ILEs and in using high-
tech equipment.

The relatively low R-square of our model, indicate that other variables than the ones
included in the current study, also could explain differences among teachers. These might
be for example their previous experiences with the subject and context, their interest in
technology and attitudes toward technology. In future studies we recommend that these
variables also should be investigated.
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To generalise the findings presented here and better characterise between-country
differences, additional countries should be included in future studies. There is also a need
for further research to assess the impact of teaching education programmes on self-
efficacy and perceived role in high-tech learning environments because the results
presented here raise some points of concern relating to teachers’ readiness to work in
high-tech ILEs. Such studies could provide support for the development of research and
teaching programmes to help improve teachers’ readiness. It will also be necessary to
conduct observational studies on the link between self-efficacy and actual active teaching
behaviours rather than relying solely on self-reports if we want to find out more about
teachers’ readiness to teach in high-tech ILEs.

Conclusions and implications

In sum, we can conclude that teachers have moderate self-efficacy when teaching in
ILEs (both in general and specifically, in Fablabs and Makerspaces), but they have low
self-efficacy in using high-tech equipment that is present in such ILEs, with females
having less self-efficacy than males in this respect, less in Flanders than in Sweden.
Hence, female teachers could be discouraged to visit high tech ILEs as they might
expect more difficulties in handling the equipment. This is important to consider and
possibly provide additional support for female teachers teaching at Fablabs/
Makerspaces. In the same time it is important to recognize that our result show
that there are many teachers of all categories with low self-efficacy using high tech
equipment in ILEs making it important to reach out to all teachers in for example
professional development efforts. We believe that this low self-efficacy is related to
teachers’ lack of knowledge and that this problem today is a major obstacle for
teaching STEM at high-tech ILEs. However, via collaboration with staff in the ILEs this
obstacle can be quite easily overcome, and it is more important that teachers’ role
can be focused on facilitating learning on the basis on constructionism (rather than
handling the equipment).

Because the role that teachers perceive themselves to have at high-tech ILEs, as
active coaches and co-creators or passive observers, is significantly connected to
their self-efficacy beliefs, it is important to state that our results highlight the
importance of providing teachers with learning experiences that allow them to
build self-efficacy for teaching in ILEs. An important implication is therefore to
provide such learning experiences in in-service and pre-service teacher education
of STEM. Further, the correlation between an active role as a teacher and increased
self-efficacy empirically supports the importance to develop teacher practices in line
with constructionism in relation to teaching in high-tech ILEs, both in in-service and
pre-service teacher education.

This study has provided an overview of the current trends and concerns regarding
teaching in high-tech ILEs and invites researchers and policy makers to further
prepare teachers for teaching STEM in such environments. Such preparation could,
for instance, comprise discussions with teachers on constructionism, and thus, what
kind of role teachers could have and how to prepare activities together with staff in
the ILEs.
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