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Introduction

Mpyriad stakeholders’ attention to K-12 education and teacher education is captured by maker education
because it addresses the evolving demands for teaching 21st-century competences and pedagogical
practices (Gutwill et al., 2015; Schad & Jones, 2020). By maker education, we refer to all kinds of
maker-centered learning settings that utilize traditional or digital technologies, where the essence is to
give students a way to create an object with their hands. Further, the educational sector has adopted the
maker movement because it is considered a good incubating environment for raising students’ interest
and engagement in STEAM (science, technology, engineering, arts, and mathematics) education
(Martin, 2015; Jones et al., 2017).

While introducing the maker movement in education, Halverson and Sheridan (2014) have highlighted
three vital elements in maker education: makers as identities that signify their active engagement,
making as a collection of activities, and makerspaces that function as communities of practice. Maker
identity has been described as the maker mindset (Dougherty, 2013); it is a can-do attitude that includes
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elements of creativity, resilience, curiosity, and playfulness (Cohen et al., 2018a; Honey & Kanter, 2013;
Regalla, 2016). Making in maker education refers to a broad range of activities, such as creating,
designing, building, tinkering, crafting, engineering, and programming (Kangas et al., 2022). The
concept of making encompasses a comprehensive culture that praises specific essential principles of
creative curiosity, problem-solving, determination, and confidence that students can construct a solution
on their own (Chu et al., 2015). Makerspaces are locations for creative manufacturing, learning practical
skills, and producing new artifacts (Sheridan, et al., 2014).

Nonetheless, in formal contexts, maker education includes a fourth fundamental element: the teacher.
Maker education provides vast potential for the growth of creative citizens (Halverson et al., 2016), but
these opportunities can only be fully realized with facilitation from competent and innovative teachers
(O’Brien et al., 2016). Although the nature of maker education is student-centered, teachers’ facilitation
is needed to reach the full potential of maker education and cultivate learners’ capacity to meet future
challenges. According to Hjorth et al., (2016) design thinking and digital technologies have gradually
increased the development of children’s design literacy. The authors highlight that this shift requires a
change in teachers’ mindsets, capabilities, and approaches to design and technology as well as new
teaching practices. Moreover, Kangas and Seitamaa-Hakkarainen (2018) have argued that some of the
challenges that teachers face in such a context is the partly unpredictable nature of maker activities,
sustaining students’ motivation and engagement, and adjusting the maker-centered activity with the
available space and material resources and time frame of schools. While highlighting the potential of
maker activities for learning, Kafai (2018) reported that one of the pivotal challenges that educators
faced is how to integrate maker activities in the K-12 system and suggested that recognizing the
fundamental role of teachers in this process is the first step in acknowledging it.

In this article, we focus on maker activities in formal education, specifically, on K-12 teachers’
perceptions of the maker mindset and its facilitation with their students while implementing maker
activities. The maker mindset has been previously explored mainly in relation to students at different
levels of education (Chu et al., 2015; Hsu et al., 2017; Jones, 2021; Kim & Zimmerman, 2017).
However, few studies address how teachers perceive the concept and how they strive to develop it while
implementing maker activities in their classrooms. According to Clapp et al. (2017), teachers have a key
role in supporting the maker mindset in formal education, and understanding their perception of this
concept is vital for successful integration of maker education (Dougherty, 2013). Furthermore, teachers’
current understandings may support researchers and practitioners in addressing how to facilitate in- and
pre-service teachers’ own maker mindsets (Jones, 2021). In the present study, our aim was to investigate
how teachers perceived the maker mindset concept and facilitated such a mindset while implementing
maker projects with their students. We addressed the following research questions:

1) How do teachers perceive the maker mindset concept?

2) How do teachers describe their facilitation of the maker mindset to their students?

Characterizing the Maker Mindset

Mindset in learning has been previously investigated (e.g., Zhang, 2020), and the growth mindset has
been vastly researched since its introduction by Dweck in 2006 (Rissanen et al., 2019; Yu et al., 2022).
However, only during the last decade, has the term “maker mindset” begun to appear in the maker
education literature. The maker mindset has been described as an inevitable feature of next-generation
innovators (Culpepper & Gauntlett, 2020) or as a prerequisite for makers and shapers of the future
(Korhonen et al., 2023a). The term was first introduced by Dougherty (2013), who described it as “can-
do attitude that can be summarized as ‘what can you do with what you know’” (p. 9). Later, he stated
that a maker mindset includes all the intangibles that accompany the material and embodied experiences
of making. Makers develop this mindset through the practice of making (Dougherty & Conrad, 2016).

47
Techne Series: 31(1), 2024 46—64



Teachers’ Perceptions of the Maker Mindset and its Facilitation

The authors described makers as individuals that are self-directed learners with a can-do and do-it-
yourself attitude, open, generous, persistent, playful, resourceful, active, and resilient; they have a
developed sense of curiosity and are willing to learn, iterate, take risks, and share their work and
expertise with others (Dougherty & Conrad, 2016). This concept has been defined with various
constructs or features by several authors (Calabrese Barton & Tan, 2018; Chu et al., 2015; Martin, 2015;
Peppler & Bender, 2013; Regalla, 2016). However, as noted by Jones (2021), no single accepted
definition or comprehensive list of features has characterized the maker mindset. Consequently, few
empirical studies have explored the concept, and of these, few have presented empirical findings from
formal education.

Chu et al. (2015) investigated how the potential for a maker mindset may be seen in elementary-school-
level students’ attitudes and behaviors as they engage in maker workshops. They claimed that making
has an outstanding influence on elementary education in terms of the establishment of a maker mindset
and identity. The authors highlighted how making can promote the formation of a child’s maker mindset,
which has more impact than focusing only on STEM (science, technology, engineering, and
mathematics) learning. According to Chu et al. (2015, p.18), “the maker mindset supports the formation
of the children’s identity as individuals who are able to make technological things themselves.”

Furthermore, Calabrese Barton and Tan (2018) performed a longitudinal study of equity-oriented,
STEM-rich making among youth and reported that in makerspaces, underrepresented youth’s shared
engagement was strengthened by critical, connected, and collective engagement. The authors also
highlighted the iterative approach to problem-solving and creativity for the maker mindset.

Kim et al. (2018) conducted a national study on education makerspaces in the United States (30 different
makerspaces in formal and informal settings). The authors examined two different curricular models
and their effect on students’ mindsets: The first model was a pre-designed curriculum that was favored
in formal learning spaces, and the second model was an open curriculum that was applied in informal
spaces. One of the main findings was a positive shift in the students’ mindsets after experiencing maker
activities, where the students were able to overcome challenges that they faced in regular classes because
of the skills they had acquired in maker activities. While the pre-designed curriculum reduced anxiety
and provided online community support for novice teachers, the open curriculum fostered personal
interest and creativity.

In the present study, we follow the research of Cohen et al. (2018a; 2020), where the various attributes
characterizing the maker mindset were identified through an extensive literature review and then
compiled. We adopted the research by Cohen et al. since it was one of the few empirical studies of the
maker mindset and, among those, the most comprehensive study. Their studies were aimed at examining
the impact of maker-centered activities on learners by developing the Maker Mindset Instrument (MMI)
as a formative assessment tool. The constructs to be included in MMI were chosen based on multiple
elimination criteria, such as constructs that are not aligned with the aim of their study (e.g., interest),
those that can be affected by multiple factors such as motivation and self-efficacy, and constructs that
can be better examined with a performance metric such as problem-solving. Cohen et al. (2020) settled
on five main constructs: resilience, growth mindset, creativity, willingness to tinker, and collaboration
orientation. The authors also combined resilience and growth mindset into one umbrella construct since
they theoretically overlap; thus, in total, four umbrella constructs were adopted for the current research.
These four main constructs, their definitions, and related attributes are presented in Table 1.
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Main constructs of the maker mindset, definitions, and related attributes.

Main construct

Definition

Related attributes

Resilience/
growth mindset

Characteristic or behavior that shows that
a person has the flexibility and
persistence to overcome challenges and
the belief that they can accomplish a task
“even if they have never experienced it
before”

Belief that one’s basic qualities can be
developed with their own efforts,
strategies, and other’s help (Dweck, 2006;
2017)

Resilience in the face of frustration
(Martin, 2015; Regalla, 2016)
Can-do attitude (Dougherty, 2012)
Grit (Cohen et al, 2018a)

Creativity In educational contexts, creativity can be ~ Generating something novel and relevant
seen “as a capacity to imagine, conceive,  for a given task (Sawyer, 2012)
express, or make something that was not Imaging possibilities (Cremin et al., 2006)
there before” (James et al., 2019, p. 3).
Willingness to Willingness to repeat specific actions Sense of curiosity (Regalla, 2016)
tinker accompanied by a sense of curiosity and Playfulness (Dougherty & Conrad, 2016;
the belief that one needs to do it Martin, 2015)
him/herself to obtain the needed result . .
Iterative approach to problem-solving
(Dougherty, 2012)
Do-it-yourself attitude or experimental
orientation (Peppler & Bender, 2013)
Collaboration Willingness to share with others one's Disposition to share and collaborate
orientation personal achievements/artifacts or (Dougherty, 2012; Martin, 2015; Regalla,

expertise and collaborate to solve
challenges by addressing them from
multidisciplinary approaches

2016)

Interdisciplinary approach to challenges
(Regalla, 2016)

Teachers in Maker Education

The role of teachers’ as "organizers” is irreplaceable in creating an interactive environment for students
and in mentoring them to stimulate eagerness for exploration (Piaget, 1973). Nevertheless, teachers who
are not familiar with maker education and the related teaching practices may struggle to execute them
in their classes (Quinn & Bell, 2013). Hira et al. (2014) emphasized that teacher preparation is one of
the challenges of implementing maker-centered learning activities. Especially the implementation of
making in formal education has peculiar features compared to its implementation in informal education
and the teachers need to find a balance between fulfilling the learning objectives and preserving the
unique aspects embodied in the maker movement (Schlegel et al., 2019).

A study by O’Brien et al. (2016) was concerned about educating teachers in the maker movement; they
stated that introducing the maker movement in K-12 will ensure that it will reach all children regardless
of their gender, social level, or ethnic background since informal contexts (out-of-school) are generally
limited to a specific type of people. The goal of a study by O’Brien et al. (2016) was to pinpoint the
pedagogical practices that specify that pre-service and early career teachers need to implement effective
maker activities in their classrooms and what kind of experiences enable teachers to promote these
practices. The authors identified four pedagogical practices: preparation, structure, assessed learning,
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and parental influence; however, the last practice is connected to the Maker Fair that they have planned
and implemented with their students.

While Smith et al. (2016) investigated the difficulties that teachers face in educational environments
with digital fabrication and the obstacles that they encounter if they are involved in the design processes
of digital fabrication. Challenges such as handling analogue and digital design materials, finding a
balance among varied teaching modalities, and steering through a complicated design process. The
authors added that these challenges are strongly related to the disconnection between a more structured
school setting and open-ended and explorative maker education.

Jones et al. (2017) investigated pre-service teachers’ beliefs in terms of utilizing maker activities in their
classrooms. Participants reported that the tools and exercises in maker activities are consistent with their
instructional strategies emphasized in their teacher training programs and expressed interest in carrying
out those activities in the future. However, participants also reported obstacles such as availability of
resources and unwilling workmates and administrators. Furthermore, Cohen et al. (2018b) investigated
the preconceptions and misconceptions of pre-service and early career teachers in terms of making in
education. The aim was to assist the teachers in realizing the nature of the maker mindset and to
familiarize them with the features of different maker tools (Cohen et al., 2018b). The study highlighted
two misconceptions that the participants had: first, maker activities are related only to achieving specific
content-based objectives, and second, maker activities are strictly connected to certain digital tools.
Consequently, these misconceptions would negatively affect teachers' willingness to implement maker
activities in their future lessons (Cohen et al. 2018b).

Hughes et al. (2022) investigated the personal and contextual aspects that possibly support the
development of maker educators over a three-year period. The authors reported four characteristics that
were crucial for the growth of the maker educators: maker identities, meaningful interdisciplinary
learning, institutional maker culture, and a diverse partnership. Hughes et al. (2022, p. 6) discussed how
“maker identities scaffold the transition into maker educators,” where the participants echoed some of
the maker mindset concepts, such as inquiry-based learning, problem-solving, persistence, and the
willingness to share both process and product. Further, the authors recognized that their maker identities
were part of a useful foundation for becoming maker educators.

Rodriguez et al. (2018) piloted a micro-credential program for pre-service teachers that was meant to
assist the teachers in acquiring the tools and skills needed to become maker educators. According to
Rodriguez et al. (2018, p. 4), developing the maker mindset includes “courage to take risks with new
technologies and the willingness to show vulnerability as they learn alongside others.” In addition, Jones
(2021) also investigated the teacher’s perception of a professional development experience in a maker
education context. The multiple case study explored two groups of in-service teachers using interviews
and personal reflections. After experiencing maker-centered activities, the participants reported that they
developed more confidence in implementing maker-centered activities as well as their own maker
mindset. The researchers disclosed two concepts that need to be considered when preparing educators
for the implementation of maker-centered activities: the teacher’s maker mindset and operational
elements.

The present study was conducted in Finland, where maker education has been implemented in both
formal learning contexts and informal learning contexts (Sormunen et al., 2023). In the Finnish context,
maker activities are easily adopted because crafts is a mandatory subject in the Finnish National Core
Curriculum for Basic Education (FNAE, 2016; Porko-Hudd et al., 2018) and craft teachers are required
to have a master’s degree. Furthermore, the infrastructure of Finnish schools enables teachers to
implement maker activities and integrate different subjects (Seitamaa-Hakkarainen & Hakkarainen,
2017). Making activities are enabled and influenced by multi-faceted technological (tools) and social
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(community) resources that enable students to participate in creative designing and making. Carefully
designed makerspaces have proven to support participants’ engagement and innovation (Sheridan et al.,
2014); in Finnish schools, learning environments should offer “possibilities for creative solutions and
the exploration of phenomena from different perspectives” (FNAE, 2016, p. 53).

Method
Context and Participants of the Study

The context of the present study was a maker and technology education program for continuous learning
organized by two Finnish universities. The program targeted pre- and in-service teachers at primary,
lower-secondary, and upper-secondary levels of education and was aimed at enhancing their capabilities
to implement maker education in schools and to raise their students’ interest in technologies. The
program lasted one academic year and consisted of three optional five-credit courses. In the courses, the
participants were introduced to Maker education and various age-appropriate technological tools and
were guided in the design and implementation of maker projects in the participants’ own schools. Pre-
and in-service teachers were encouraged to collaborate to combine expertise from the field with up-to-
date academic knowledge.

The study was conducted in the academic years of 2020—2021 and 2021-2022, when altogether 101 in-
and pre-service teachers participated in the program. Of these, 58 voluntary participants were involved
in the present study (in-service teachers: N=47, 81%,; pre-service teachers: N=11, 19%). Both class
teachers and subject teachers were involved, and the subject teachers were selected from various
specializations, such as crafts, mathematics, or history. Each participant provided written consent for
research, and no compensation was given. The participants’ experience of teaching in general varied
from no experience to more than 20 years of experience. However, most of the teachers reported having
less experience in maker education than teaching in general; even teachers with more than 20 years of
teaching experience reported five years or less experience in maker education. Nevertheless, because
the present study was conducted in Finland, where the school subject of crafts has been mandatory since
the 19™ century, many of the participants were familiar with maker-centered activities, at least to some
extent. Therefore, the findings of the present study cannot be generalized to contexts in which making
is not included in regular school activities.

Data Collection

The present, qualitative study relies on two data sets: questionnaire data and interview data. To answer
Research Question 1 (RQ1)—How do teachers perceive the maker mindset concept?—a Teacher Maker
Mindset Questionnaire (TMMQ) was developed by combining and adapting different instruments used
in previous research (Cohen et al., 2018a; Kuusisto et al., 2017). Following Cohen et al. (2018a), the
TMMQ included vignettes corresponding to the maker mindset constructs: resilience/growth mindset,
creativity, willingness to tinker, and collaboration orientation. The vignettes described small maker
education scenes, each followed by a statement and response options on a six-point Likert scale (1 =
completely disagree — 6 = completely agree). A justification for the response was prompted with an
open-ended question. The vignettes and statements preceding them are presented in Table 2. In addition,
the TMMQ included 20 stand-alone statements, five for each construct. Technically, the TMMQ was
implemented via Google Forms. For the analysis of the present study, we selected only the responses of
the open-ended questions, because we aimed to conduct an in-depth analysis of the teachers’ perceptions
of the maker mindset concept. All 58 participants anonymously responded to the TMMQ; their
responses are subsequently referred to with pseudonyms Q1-Q58.
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Table 2.

TMMOQ vignettes and statements

Construct Vignette and statement

Resilience/grow  Samuel learns about a programming language used to create webpages. He wants to

th mindset create a website. After writing the first section of the program, he tests it. It is not correctly
working. He looks for errors in the code. After a while, he still has not found any errors.
He decides to recode.

How much do you agree or disagree with the following statement? Based on this first
experience, Samuel will always struggle with programming. Please briefly explain your
choice.

Creativity Susanna is building a prototype for her engineering class. The teacher has provided building
materials. Susanna cannot find a support that is exactly the length that she needs. Instead of
cutting the materials to make them fit, she notices that one of her pens is the right length and
would functionally be the same, so she uses that instead. Because it is a prototype, it does not
need to be a high-quality material.

How much do you agree or disagree with the following statement? Susanna should have only
used materials provided by the teacher. Please briefly explain your choice.

Willingness Akio needs to make a presentation for the science fair. He was going to make part of it with
to tinker popsicle sticks, but no one can take him to the store to get some. He decided to find a new
material to make that part of the presentation.

How much do you agree or disagree with the following statement? Akio will likely be able to
find a new material that will work without having to go to the store. Please briefly explain
your choice.

Collaboration Sanna and her classmates are building race cars for a schoolwide race out of crafting materials
orientation and hardware, such as cardboard, buttons, and nails. Each of the students has her own
strengths and weaknesses. For example, Suki is good at designing the car but not building it.

How much do you agree or disagree with the following statement? Sanna’s class should work
in groups to build cars, even though her class would have fewer submissions. Grouping
up means that they are more likely to win because they will have higher-quality cars.
Please briefly explain your choice.

To answer Research Question 2 (RQ2)—How do teachers describe the facilitation of the maker mindset
to their students?—five semi-structured pair interviews of in-service teachers (N=10) were conducted.
The teachers participated in the same maker and technology education program and can be described as
experienced teachers because most of them had 11 or more years of teaching experience. Two teachers
had less experience, but they implemented the project with an experienced colleague. The interviews
were conducted in spring 2021 after the teacher pairs had planned and implemented their maker projects
for their students as an assignment in a course (see Table 3). The teacher pairs were asked to broadly
describe the implementation of their maker projects, the facilitation they provided for the students, and
the evaluation of the entire project. The interview structure (see Appendix 1) was based on the Learning
by Collaborative Designing model (Seitamaa-Hakkarainen et al., 2010) and was utilized for both the
current research and another study that focused on pedagogical infrastructures. The duration of the
interviews varied between 38 and 65 minutes; altogether, they resulted in 282 minutes (approximately
four and a half hours) of interview data. To maintain the anonymity of the teachers, they were given
pseudonyms from I1 to 110. During the data analysis, it became evident that the data highlighted not
only the teachers’ facilitation of the maker mindset but also their perception of the concept. Hence, the
data were utilized to answer both research questions.
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Table 3.

Interviewed teacher pairs, their implemented maker projects, grade, and age of the students.

Teacher pair  Maker project theme Grade / age of students

I-12 Vinyl cutting workshop, designing and cutting Grade 5/ 11-12 years
stickers for different purposes

3-14 Designing and making containers for food delivery Grades 3, 5-6 / 8-13 years

15-16 Creating the route for a space team to reach a specific ~ Grade 5/ 11-12 years

planet (deciding which path to go, which planet to
visit, and what tasks need to be performed on each

planet)

17-18 Creating and prototyping inventions, which use Grade 7/ 13—14 years
technology

19-110 Designing and making board games (textile, wood, Grade 5/ 11-12 years

and 3D printing are needed)

Data Analysis

Both data sets were analyzed with qualitative content analysis (Krippendroff, 2004) and with the help
of Atlas.ti 22 software. The analysis included several stages, as presented in Figure 1.

Figure 1

Different stages of data analysis

Identification of the units of analysis (f =483), i.e., coherent data fragments that either
represented teachers’ perception of maker mindset or description of its facilitation.

1. Identifying the
units of analysis

Deductive coding the units of analysis into the four constructs
*Resilience/Growth Mindset

eCreativity
2. Deductive «Willingness to tinker
analysis *Collaboration Orientation

Interview data; classification of the codes in each construct under one of the two main categories:
eTeacher’s perception
OR

3. Classification | *Teacher’s facilitation

Inductive creation of sub-categories that described how the teachers perceived the concept of

. maker mindset or explained its facilitation
4. Inductive

analysis
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In the first stage, the units of analysis, i.e., coherent data fragments that either represented teachers’
perceptions of the maker mindset or description of its facilitation, were identified in both data sets. A
total of 483 data fragments were qualitatively categorized. For the second stage, each unit of analysis
was deductively coded in terms of the four maker mindset constructs: resilience/growth mindset,
creativity, willingness to tinker, and collaboration orientation. The categories were not mutually
exclusive, and each unit could belong to one, two, or three categories. For the third stage, the units were
classified into two main categories in accordance with the research questions: either perception or
facilitation of the maker mindset. This stage was applied to the interview data alone, since the
questionnaire data provided only information about teachers’ perceptions and not their facilitation. The
fourth stage of the analysis involved the inductive creation of subcategories that described how the
teachers perceived the maker mindset concept and how they described its facilitation. Although they
were data-driven, some subcategories, such as spark, sustain, and deepen, were inspired by theory
derived from the facilitation framework of the teacher (Gutwill et al., 2015).

Findings
Teachers’ Perceptions of the Maker Mindset Concept
The aim of the present study was to investigate how teachers perceived the maker mindset concept and

how they facilitated such a mindset while implementing maker projects with their students. Table 4
summarizes how the teachers perceived the maker mindset concept.

In Table 4, the teachers’ perceptions of each of the constructs is reported from the TMMQ and the
interview data. This table also shows the subcategories of each construct from the most emphasized to
the least emphasized. Notably, only the four most emphasized subcategories are reported. Hence, the
total frequency of the subcategories in the right column is different from the total frequency of the
construct in the left column.

Table 4

Teachers’ perceptions of the maker mindset constructs.

Maker mindset construct Teachers’ perceptions of the construct f
Willingness to tinker (f'= 152, 35%) Making 38
Do-it-yourself 38
Positive attitude toward students’ artifacts 18
Positive attitude toward iteration 11
Resilience/growth mindset (f= 120, 28%) Learning by doing 18
Adaptability 14
Reflection and adjustments 13
Believing that one can improve 11
Collaboration orientation (f'= 82, 19%) Combining students’ strengths 14
Strength in Teamwork 14
Learning from peers 10
Sharing & discussing projects 10
Creativity (=79, 18%) Positive attitude toward creativity 13
Positive attitude toward students’ enthusiasm 12
Innovation 11
Finding solutions 11

According to the study by Cohen et al. (2018a), willingness to tinker included curiosity, playfulness,
iterative actions, and a do-it-yourself attitude. In this research, willingness to tinker means the belief that
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people need to do it themselves to obtain the desired results and are willing to repeat specific actions
accompanied by a sense of curiosity. The teachers mentioned the willingness to create something with
one’s own hands and the willingness to spend more time than needed to create what they want. The
teachers mostly described this construct as making; for example, I3 stated “If you have an idea, don’t
hide it but take it and make something of it.” They also understood the willingness to tinker as having
do-it-yourself attitude; for example, Q1 stated “He knows what he needs and how to find an alternative
solution.” The teachers also expressed a positive attitude toward students’ artifacts, such as when 16
stated, “It was really nice how they started building their narratives around who they had met in space
or ended up in battle with. Their travel journals started having a life of their own.” In addition, the
teachers emphasized a positive attitude toward iteration, “If you don’t succeed at first, it is only natural
to start the process again from the beginning.” (Q14)

As previously explained, the second construct combined two overlapping yet distinct notions: a
resilience/growth mindset that subsumed resilience in the face of frustration, a can-do attitude, and grit
(Cohen et al., 2018a) and a growth mindset (Dweck, 2006). In this research, teachers mostly expressed
different concepts related to this construct, such as learning by doing; “You can learn by doing things
you could not have done before. Open-minded solutions can surprise experts” (Q32). Adaptability was
also highlighted, such as “if something is not working, you have to try something else” (Q41). Moreover,
reflection and adjustments were also emphasized, such as when 15 stated “I have completed a few similar
projects, and there are always individual assignments I would change, where the brief wasn’t successful
and the pupils didn’t end up doing what I expected them to do.” In addition, believing that one can
improve was repeated by different teachers, such as “everyone has to start somewhere, and then
improvement can begin” (Q45).

The collaboration orientation construct included the disposition to share and collaborate with an
interdisciplinary approach to challenges (Cohen et al., 2018a). Here, the teachers perceived
collaboration as a good opportunity to combine students’ strengths, for example, when a teacher stated,
“in teamwork, the strengths of individuals become greater together” (Q38). Additionally, there was
strength in teamwork is, which was supported by a many teachers, for example a teacher stated, “There
is strength in unity/cooperation” (Q45). Many of the teachers mentioned how collaboration helps
students learn from peers, for example "students could learn a lot from each other while engaging in
teamwork and learn other skills, such as social skills” (Q20). Moreover, the teachers were encouraging
students to share and discuss projects; for example, 16 said:

During this discussion, I got an idea that the teams could choose something to share with the others or talk
about from their log or tell everyone what stuck in their minds or what they liked in particular. Since we
had 11 assignments and 11 teams, each team could present one assignment to the others as a form of
revision, and this could help them think of something they hadn’t thought of before.

Creativity, in educational contexts, can be seen as generating something novel and relevant for a given
task (Sawyer, 2012) and as imaging possibilities that were not there before (Cremin et al., 2006; James
et al., 2019). For the creativity construct, the teachers showed a positive attitude toward creativity, for
example “it is always good to use creativity and inventiveness” (Q33). They also demonstrated a positive
attitude toward students’ enthusiasm, such as “So I was positively surprised by how excited the pupils
were about the project and how they really got into it and let each other work in peace” (I4). The
innovation concept was repeatedly mentioned, such as “The students’ own invention and exploration is
the most important thing, that is when spontaneous ideas are worth their weight in gold.” (Q34). The
teachers’ emphasis on how students find solutions was equal to the innovation concept, such as when
Q24 stated, "Creativity and their own solutions can sometimes work better than the original plan and
means.”
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Teachers’ Descriptions of the Facilitation of Students’ Maker Mindsets

To answer how teachers describe the fostering of a maker mindset in their students, we utilized only
interview data. The results are summarized in Table 5, where the teachers’ facilitation of each of the
constructs is presented from the most emphasized construct to the least emphasized construct, with
corresponding subcategories. The teachers emphasized mostly collaboration orientation and creativity,
and the other two constructs were given considerably much less attention. In Table 5, only the four most
emphasized subcategories are reported, with the exception of the willingness to tinker construct. For
this construct, only three subcategories are presented, because the frequency of the fourth subcategory
was less than 5.

Table 5

Teachers’ descriptions of the facilitation of students’ maker mindsets

Maker mindset construct Teachers’ facilitation of the construct f
Collaboration orientation (f'= 90 ~ 40%) Consider combination of students 25
Collaboration among teachers 22
Support collaboration among students 16
Assign students for help 9
Creativity (f= 76 ~ 34%) Freedom of choice and independence 30
Spark 29
Support innovation 10
Deepen 7
Willingness to tinker (=30 ~ 13.5%) Frame ideas 9
Interdisciplinary approach 9
Willingness to iterate 5
Resilience/growth mindset (f=28 ~ 12.5%)  Sustain 8
Reflect & fine-tune 6
Assign time for feedback 6
Document learning 5

Collaboration orientation was mostly highlighted when the teachers mentioned how they are taking
into account the combination of students when they design maker activities. The teachers combined the
students based on three dimensions: the skill’s level of students, students’ ability, and students’
personalities. For example, I8 stated, “We decided on the pairings, and each partner would be stronger
in some aspects,” while 19 said,

We asked for help from their class teacher because we knew that it was a large part of the group work, so
we asked that the teacher divide the groups for us. The teacher would maybe know the students’ social
skills better. We wanted those groups that would work the best.

The interview data also revealed that teachers emphasized collaboration in various forms. First,
collaboration between teachers was evident in how they were enjoying the collaboration process, and
how they would like to repeat it. For example, when asked about how their collaboration was going, in
the teacher pair I1 and 12, I1 replied, “Really good; I am looking forward to this autumn because we will
also be collaborating on a larger project for these three courses, and I am looking forward to our
continued cooperation on that.” I2 continued,
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I feel the same way, and I feel even more optimistic about the future than about the project we completed.
The project was a positive experience, but I feel like we have obtained good ideas about what to work on
next during our studies.

Second, supporting collaboration among students was indicated. For example, 19 said,

Of course, I think we both tried to help in the collaboration. Hey, think about that, and what do you think
about this one. I think I always tell them of course you need to compromise because everyone has their
own. I think we helped somehow between those. We wanted those groups to be the best that they could be.

Moreover, teachers assigned students for help as one of the strategies to promote collaboration, such as
when I1 stated,

We had one pupil who took on a large role in getting the vinyl cutter to work, and that pupil was very
helpful to the other pupils. Thus, we appointed that pupil pupil-in-charge and promised the pupil a reward
for it later in the spring. The pupil was basically working for us and took a larger role and was able to
engage the other pupils in the process.

To facilitate students’ creativity, the teachers emphasized how they tried to spark ideas, i.e., to trigger
ideas within their students. For example, teacher 16 explained,

We watched one of the Star Wars movies on a Friday, and the next Monday, we told the pupils that we
would be beginning a space game. That Monday, I talked about it and read the original story, and then we
started forming teams.

In another interview, two teachers, 17 and 18, complemented each other’s answers when 17 said, “We
had to use examples to support them so they could get started.” Then I8 said, “Or they share an idea,
and we ask them some questions to get them thinking about what might be missing and if something
could be done differently. Asking questions can also help obtain more information from the pupils.” The
teachers also emphasized giving the freedom of choice and independence for the students as one of the
strategies, such as choosing the materials or choosing what they want to create. For example, 14
elaborated,

We focused on broadening the pupils’ points of view by not setting limits. We wanted to open a discussion
that would get the pupils thinking about how getting warm food delivered to someone’s front door might
require many different elements, and we didn't want the brief to put limits on this.

Moreover, supporting innovation was evident in the teachers’ interviews, for example, when I8 said, “I
also encouraged them not to restrict themselves, to innovate freely, and to allow themselves to come up
with new and better ideas”. The teachers also aimed to deepen their students’ processes by helping them
further develop their ideas, such as when I5 stated,

Then, if they seemed to need help, we would ask them questions that were more specific, such as how did
you plan on illustrating this part of the Earth's crust. The guidance was very individual and based on the
pupil’s skill level.

The willingness to tinker construct included the teachers’ strategies or actions that supported students’
tinkering in one way or another. For example, the teachers explained how they tried to frame ideas by
setting some constraints on students’ work. Although the students were given much freedom in many
aspects of their projects, some boundaries were still needed because of, for example, students’ skills or
time constraints. [9 explained,

I try to lead them in another direction. I have to say I did it because I knew the time, the resources and the
student. We also wanted them to finish it because of course we assess it. I don’t think that it is fair to just
say, okay, you can do whatever, because of course, we push it in some direction.
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The teachers also discussed the interdisciplinary approach, such as when 14 stated, “But as a class
teacher, I think that just as in technology education, everything is connected. The boundaries between
different subjects can be very vague, and that’s how it should be.”

Willingness to iterate was evident in the teacher's description of their actions, e.g., when 12 stated,

Then, we had to keep trying to make the cutter work. For some reason, we were able to make the first
successful picture very early. After that first successful picture during the second class, it took about two
months for us to figure out the process out and get more pictures done.

To support the resilience/growth mindset, the teachers tried to sustain students’ interest in the projects
when they were struggling or were stuck at a certain stage. For example, 17 and I8 explained,

I7: We tried to approach the subject from a different angle. Some pupils would become stuck and decide
that they didn’t want to do it anymore, so we had to try to help them move forward by giving them simple
goals of what needed to be done next.

I8: Yeah, to be able to finish.

I7: To move forward instead of just grumbling about it and to make it slightly easier.

Among the strategies the teachers applied was reflect & fine-tune, that is, when they reflected on what
happened during the project and on things that they might do differently in future activities. For example,
16 said,

But we can fine-tune the assignments, make some of them harder and some of them easier, and have a
whole host of assignments tailored to the needs of different pupils. That's something I will pay attention to
next semester.

Assigning time for feedback was also evident as another strategy for facilitating the projects. For
example,

We have this feedback time when they had done like the first ideas or kind of ideas. They presented them
to other groups, to all of them. The other students gave direct feedback, so is it like a good idea and what
the students have to think about some more. (I110)

Another strategy was to encourage to document learning by the students or to do the documenting
themselves. When I1 and 12 were asked if they documented the information gathered during the project,
they replied,
12: Yes, we kept a journal and took (unclear word)
I1: No, just during the first period.
12: We also took pictures and put them in different places. We took them for ourselves and posted them, I
think, on the school blog and

I1: On Instagram
12: Yeah, so we documented the results, and at first, we recorded each step.

Discussion and Conclusions

The present study was aimed at investigating how teachers perceive the maker mindset concept and how
they strive to develop it while implementing maker activities in their classrooms. The concept was
approached with four constructs, which all were emphasized by the teachers who participated in the
study. The results indicate that the teachers perceived the maker mindset as a complex and
multidimensional concept and highlighted especially the constructs willingness to tinker and
resilience/growth mindset. While describing the facilitation of their maker projects, the teachers
underlined collaboration among students and collaboration among teachers and emphasized support for
students’ creativity.

All teachers had positive attitudes toward making activities. They shared the view presented in the maker
mindset literature (Chu et al., 2015; Dougherty & Conrad, 2016)—that a maker mindset develops
through the practice of making. However, to harness students’ willingness to tinker for learning
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purposes, the teachers highlighted careful steering of the process and support for students’ iterative
efforts. Maker-centered activities are based on nonlinear and creative processes and require knowledge
and solutions that cannot be determined beforehand but that interactively emerge through repeated
personal and collaborative efforts (Hakkarainen & Seitamaa-Hakkarainen, 2023). Such activities can
develop students’ resilience and growth mindset if the project allows some risk-taking and failure in a
safe environment, where teachers’ support is fine-tuned to students’ needs. The teachers in the present
study appeared to show a positive attitude toward creativity and the awareness needed to spark students’
creativity and offer them some freedom of choice. Creativity is a multi-dimensional phenomenon that
involves questioning, problem-solving, imagining possibilities, divergent thinking, making meanings,
and experimentation, and refining of solutions (Sawyer, 2017). Furthermore, previous research on the
maker mindset emphasizes student collaboration (Dougherty, 2012; Martin, 2015; Regalla, 2016);
however, the teachers in the present study considered teacher collaboration almost equally important.
Teachers’ responses during the interviews clearly showed a strong sense of collaboration and that their
relation was positive in a way that enabled them to complement each other’s ideas. They considered
how to combine interdisciplinary approaches to create a project and wondered how to nurture creativity
within the students during the project (Korhonen et al., 2023). In recent years, maker-centered activities
in Finnish schools have started to involve team teaching, and research (Aarnio et al., 2021; Harkki et
al., 2023a) shows that teachers are likely to be willing to collaborate with other teachers for successful
implementation of maker activities. Teachers benefit from mutual support while they learn to orchestrate
the nonlinear, open-ended processes of maker-centered learning.

Increased focus on maker activities in education means that it is of interest to investigate how the maker
mindset can be supported. To better understand this concept and highlight an under-investigated area,
we approached the maker mindset with the four constructs identified in the literature. This approach
helped us systematically concretize the concept. However, applying pre-defined constructs might have
framed our analysis in a way that disregards other possibly significant attributes. Moreover, teachers’
perceptions can be impacted by multiple social, economic, and cultural factors. The present study was
conducted in Finland, where all teachers are familiar with maker-centered activities through the
mandatory school subject of crafts (FNAE, 2016, Harkki et al., 2023b; Porko-Hudd et al., 2018).
Although not all teachers in Finland teach crafts, they work in schools where making is part of the
curriculum, visible in the learning environment, and supported by specialized craft teachers. The
participants of the present study included teachers of various subjects, but they all were familiar with
the nature of making activities and they appeared to have good understanding of the maker mindset
concept. Hence, the results of the present study are limited to this sample of participants and cannot be
generalized. Further, as our analysis relied on questionnaire and interview data, it provides limited
information about actual classroom practices.

In conclusion, the teachers who participated in the present study emphasized all four constructs of the
maker mindset. Further, they showed awareness of supporting collaboration orientation, creativity,
willingness to tinker, and the resilience/growth mindset in their students. According to the participants
the four constructs and their facilitation can take myriad forms in students’ and teachers’ activities. The
findings indicate that teachers acknowledge the role of the maker mindset in implementing maker-
centered activities and that this type of mindset can be nurtured in formal education. However, more
empirical research is needed to investigate how teachers’ perceptions of the maker mindset is
transformed into teaching practices in authentic classroom conditions. In addition, further research could
provide insights from settings where making is not an integral part of formal education as in Finland.
As the first empirical study on the maker mindset in relation to teachers, the present study can establish
a foundation for future avenues of research.
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Appendix 1: The pair interview framework

e How many years have you worked as a teacher? (4sk everyone.)

¢ You have now implemented a technology education project together, how are your feelings about the
project?

e  Briefly review the idea of your project. Tell in your own words:

o  What was the project about?
o  What were the objectives of the project?

- Were there any technology-related goals in the project?
o Did the students work in groups or individually?

Note: if the students were working individually, ask the teachers to think about the class in general.
If the students were working in teams, then ask teachers to describe the teams.

e Next, let's go through how the implementation of your project progressed step by step.
Creating design context

o How did you introduce the project theme to the students?
o Did you organize any orienting activities, e.g. workshops of new tools?

Defining design task and design constraints

o What kind of (design) task did you give to the students?
o Did you set any constraints for the project? E.g., constraints related to materials or tools.

Creating conceptual and visual design ideas

o How did the students create ideas?

individually, in pairs, in groups, whole class?

sketching, drawing, discussing, writing, making models etc.?
- Did you use any specific ideation methods? What? Why?
- Did you use any other forms of support?

o How much time did you use for ideation?

Evaluating design ideas and constraints

o How did the students know if it was a good idea or not?
o Did anyone else participate in the evaluation in addition to students? Who? How?

Connection to expert culture and data collection

o How and from where the students searched for information needed in the project?
- Who provided the information sources?
- Did the students use external resources (e.g., information from the Internet or
expertise beyond the project/school/group?
o Was the information gathered during the project documented? How?

Experimenting and testing design ideas & Evaluating function of Prototype

o When the students had chosen their final idea(s), did they experiment and test it? How? Why?
- Did they try out various technologies, materials, structures, functionalities, etc.?
- Did they build models or prototypes?

o If the students ran into problems while experimenting, how did you support them?

o Were the students eager to start experimenting and testing? What happened? Why?

Elaboration of design ideas and re-design

o During the project, did the students elaborate their ideas / change or develop the idea? How?
How many times? Why?
- Were the students eager to elaborate? Why / why not?
o How did you support their idea elaboration?
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Distributed expertise

o How did you support the students’ collaboration?
- within and between teams?
- exchange of information or expertise?
o How did you as teachers share your expertise during the project?

e  When thinking about the project as a whole:

o Was your plan implemented as you had thought?
- How well did you achieve the goals you set for the project?
- Were there any unexpected situations?
o Best and worst parts/moments?
- What made it good/special?
- What did you do when the challenges came up?
o If you would do the project again, would you change something?
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