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Abstract: This study aimed to examine the development process of materials created by preservice
preschool teachers using a 3D printer and a computer numerical control (CNC) machine. The study
group consisted of preservice preschool teachers enrolled in the second grade during the fall semester
of the 2022-2023 academic year at a state university located in the Mediterranean region of Turkey.
An embedded mixed-methods research design was employed in this study. The self-efficacy scale of
teaching material utilization (SSTMU) was utilized to collect quantitative data, while the
intervention status evaluation form (ISEF) and the daily intervention evaluation form (DIEF) were
used to gather qualitative data. During the implementation phase, preservice teachers developed
materials using a 3D printer and a CNC machine for science, technology, engineering, and
mathematics (STEM) education over a period of six weeks. At the conclusion of the implementation,
an increase in the self-efficacy scores of the preservice teachers regarding the utilization of teaching
materials was observed. An analysis of the pre- and post-implementation feedback from the
preservice teachers revealed that they were able to apply the knowledge they acquired in areas, such
as message design, visual design, and usage, demonstrating this through the personal competencies
they developed. Based on the quantitative and qualitative findings, the research suggests that
materials developed with 3D printers and CNC machines can be effectively used in STEM education
and that their implementation in this context can assist teachers in acquiring knowledge and skills
relevant to the subjects being taught.
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1. Introduction

Teachers organize the teaching and learning environment to support students' engagement in the
classroom and skill acquisition, where teachers are expected to generate ideas on how to present
teaching-learning materials [1]. Teachers can use existing teaching materials or design materials in
line with the learning outcomes in the curriculum [2]. Planning lesson processes that attract students'
attention and curiosity by using and designing teaching-learning materials is one of the competencies
that teachers should have [3].

Preschool period is a critical period for the use of teaching-learning materials for children.
Froebel, who laid the foundations of preschool education, emphasized that the materials to be used
by children should support their experiences and that materials should be designed accordingly. In
order to support children’s life skills, it is important to choose materials whose shape, texture, and
color can be observed realistically as educational materials. It is also important that teachers are able
to prepare these preferred materials. In this respect, emphasizing the process of teachers' preparation
of materials also creates the possibility of controlling the materials that contain the knowledge and
skills that students will need [4]. In an educational environment, children can learn about different
disciplines through the materials they use. Thanks to this acquisition, students can act in line with the
achievements of the science, technology, engineering, and mathematics (STEM) discipline while
confronting and trying to solve some of the problems they may encounter in their lives. For example,
students can observe the movement of a car on a ramp by considering factors, such as the length of
the ramp, the slope, and the type of its surface, and may need information about disciplines, such as
mathematics and science. The fact that this process becomes more understandable for an individual
in early childhood is directly related to the knowledge and experience of the teacher [5]. Studies
focusing on preschool education also emphasize that teacher training to meet the needs of students
should begin in the preservice period [6].

Teachers need to gain knowledge and skills for STEM activities and have an idea about the
relevant materials for their implementation [7]. For example, there are studies [8-11] that address 3D
printers and laser cutters for material design in STEM education environment. Although there are
studies [12-17] on the use of 3D printers and computer numerical control (CNC) machine
technologies (e.g., a laser cutter) to make appropriate designs in the teaching process and the use of
these technologies in the material design process is preferred with the changes in technology, their
number is limited. Considering the integration of 3D printing and CNC machining technologies in
design processes, we focused on the experiences of preservice preschool teachers in designing STEM
teaching materials that incorporate these technologies while also addressing their learning outcomes.

The current study may provide insight into the process of designing technology-supported
materials to ensure the teaching of STEM disciplines and supporting teachers' self-efficacy
development in developing appropriate materials. In this study, preservice preschool teachers were
provided with the help of a 3D printer and a CNC machine to develop educational materials and the
aim was to examine the material development process. In the light of the sub-dimensions of the
self-efficacy scale of teaching material utilization (SSTMU), the sub-problems of the study were as
follows:

1) What are the thoughts of preservice teachers about the materials developed with a 3D printer
and a CNC machine to be used in STEM education before the intervention?
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2) Does the intervention affect the self-efficacy of preservice teachers in using educational
materials?

3) How did the intervention affect the views of preservice teachers on the design stage?

4) How did the intervention affect the views of preservice teachers on the usage stage?

5) How did the intervention affect the preservice teachers’ lesson plan preparation process?

1.1. The importance of educational materials in early childhood

From early childhood onwards, there is a natural tendency for individuals to engage in learning
activities, such as curiosity, research, questioning, and discovery. The experiences that children gain
during this period support them in cognitive, affective, and psychomotor aspects in later periods. By
meeting the educational needs of the child from this period onwards, the necessary information can
be acquired, and skills, such as problem-solving, critical thinking, communication, and creative
thinking, can be developed [18,19]. According to Piaget, individuals in early childhood structure
knowledge through experiences. A rich stimulating environment can be created with materials, such
as toys, to contribute to children's development. In order for children to learn the necessary concepts
during this process, they need to be provided with materials that help them concretize the
concepts [20]. It is also important that the concrete materials that teachers will present during this
process are educational [21,22] and support the teaching process [23]. Activities that can be used by
children in early childhood and are appropriate for their developmental levels should be developed
with the knowledge and experience of educators [24,25]. Children in this period investigate the
properties of the materials they encounter and can transform them into different forms [26-28]. At
this point, STEM activities can help learners perform activities, such as observation, research,
discovery, and playing [29-31].

1.2. Use of 3D printers and CNC machines in education to support STEM teaching

Scientific and technological developments support the development of an innovative
perspective [32]. The place of innovative pedagogies in STEM education is increasing day by
day [33]. The use of innovative materials contributes to the development of individuals [34]. While
materials can be designed with various technologies in educational environments, these materials
should support the learning process [35]. Technology and design implementations are also important
in the STEM education process [36]. With these implementations, materials that appeal to more than
one discipline can also be created. Technological tools and equipment can also be used in the design
of teaching materials. 3D printers and CNC machine technologies can be given as examples of these
tools and equipment. These technologies, which are widely used in the fields of aviation, defense,
engineering, etc., are used in product production and are especially included in the education process
in schools in European countries. While 3D printers that can be controlled via computers work on the
principle of creating a solid object in layers on top of each other, CNC machine technologies perform
the process of cutting and removing parts from solid raw materials. Different types of machines (e.g.,
lathe, drill, milling, and laser cutting) are available and vary in terms of usability and cost [16]. Such
tools can be used in the education process to transform an idea into a physical object and in material
design [37].

There is a need to train qualified teachers who can apply STEM-based activities in learning
subjects, ensuring interdisciplinary integration [38]. In this process, teachers are an important factor

STEM Education Volume 5, Issue 4, 688-713



691

in increasing the quality of preschool education and carrying out activities appropriate for the child's
development. Monitoring children's cognitive, affective, and psychomotor skills according to the
determined achievements and creating activities and materials appropriate for the children's levels
depends on the teachers' experiences [19].

Supporting the use of technology does not mean that teachers and preservice teachers can easily
access this technology. However, it is important for teachers and preservice teachers to know these
technologies for a period when they are accessible. In this context, it is important for preservice
teachers to have an awareness of using these materials during the undergraduate process, to use them
and to reflect them in their practices. In Turkey, preschool teachers generally do not have access to
3D printers and CNC machines in their schools, but with the projects carried out in recent years, this
technology support has started to be provided to schools, albeit to a small extent. In addition, there
are two situations in which preschool buildings can be together with primary school buildings and/or
separately. Although there are no specific standards developed for preschool students, the preschool
curriculum published by the Ministry of National Education in 2024 emphasizes the implementation
of small group activities as in STEM activities and STEM-A areas in integrated science education
activities [39]. This emphasis can be interpreted as the importance given to STEM education will
increase over time and the use of these materials in schools will become widespread.

1.3. Self-efficacy and self-efficacy in utilizing teaching materials

Self-efficacy refers to an individual's belief in their capacity to perform the behaviors required to
complete a specific task [40]. It can also be defined as the belief that a person can demonstrate their
potential and successfully complete a given task when faced with a challenge or performance
requirement. Individuals with high self-efficacy beliefs tend to exhibit better performance as they
believe that they can effectively handle problems, leading to increased levels of success and
satisfaction [41]. To achieve job satisfaction, individuals need opportunities to feel competent and
capable [42]. Self-efficacy significantly influences job satisfaction [43]. Teachers' stress levels and
self-efficacy have significant impacts on their well-being both inside and outside the classroom.
Higher stress and lower self-efficacy hinder teachers' ability to meet students' needs [44]. Research
indicates that elevated teacher self-efficacy is linked to psychological well-being, job commitment,
and job satisfaction [43,45]. Similarly, Caprara et al. [46] found that teachers with high self-efficacy
reported greater values, happiness, and satisfaction in their profession.

When looking at the relationship between self-efficacy and job satisfaction, it is important to
include teachers in the decision-making process, create opportunities for teachers to collaborate,
provide adequate teaching materials, and support teachers in implementing effective strategies [47].
From this perspective, the main motivation of this study is that preservice teachers are involved in
the process with the support of a measurement tool that determines the extent to which they can
benefit from teaching materials [48], evaluate opportunities, reach strategy awareness with the help
of these materials, and develop self-efficacy in using the materials.

Instructional materials are very important learning and teaching tools [49]. In this study, we
focused on the significance of developing effective STEM education teaching materials tailored to
various programs that address teachers' needs [50]. We emphasized the importance of ensuring
alignment between objectives and content in the preparation of these materials, as well as their
overall utility [51]. Additionally, we considered the benefits of providing teaching material support to
students [52,53]. It is important to note that the materials utilized in this study were designed by the
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preservice teachers themselves. In addition, the fact that teachers have time constraints in STEM
education [54-56] and the limited financial resources allocated [57,58] are negative situations. For
this study, an attempt was made to minimize these negative situations during the intervention period
by having 3D printers and CNC machines in the classrooms of preservice teachers while reducing
the cost. The fact that the study was based on volunteering also allowed for no time limitation. It is
thought that preservice teachers getting to know these tools and equipment during their
undergraduate studies, using them, and deciding on their functionality can also support their teaching
careers. Based on these contexts, the research investigated the educational material development
processes of preservice preschool teachers with 3D printers and CNC machines and the changes in
their self-efficacy in using educational materials as a result of this process.

2. Methodology
2.1. Research design

The study used embedded mixed research method. In an embedded mixed design, an
experimental (through one group pretest-posttest design and one of the pre-experimental designs)
intervention was implemented, and both quantitative and qualitative data were collected and
analyzed. This information was utilized in an intervention study [59]. In such studies, a second data
source is embedded in the pre- and post-intervention data collection [60]. The quantitative data for
this study was collected using the SSTMU administered to participants both before and after the
intervention. This scale measured the impact of the material development process on participants'
self-efficacy regarding the use of teaching materials. The SSTMU provided quantifiable outputs
regarding potential changes in participants' perceptions before and after the intervention. Data on
participants' experiences with material development processes, specifically involving a 3D printer
and CNC machine (laser cutting), was gathered through written reflections (i.e., a daily intervention
evaluation form [DIEF]). This data was analyzed concerning the sub-dimensions of the SSTMU
scale. Furthermore, the lesson plans created by the participants revealed the factors considered when
developing lesson plans based on practical experiences. At the outset of the research process, it was
crucial to define the intervention implemented for preservice preschool teachers. The type of
intervention was determined by analyzing qualitative data collected from participants in the
experimental setting through the intervention status evaluation form (ISEF). The intervention aimed
to empower participants to utilize existing materials, despite their limited experience and knowledge
of the products that could be created using a 3D printer and CNC machine. Additionally, participants
were initially unaware of their self-efficacy in using these materials and lacked an understanding of
how to effectively apply the developed materials in their courses. The implementation, which
focused on these aspects, lasted for six weeks.

2.2. Participants

The participants of the study were determined according to the problem situation and consisted of
preservice preschool teachers studying at a state university in the Mediterranean Region. A total of
18 preservice teachers (16 female and 2 male) in their second year of preschool teaching education
constitute the participant group. The importance of the study is emphasized by the fact that children
are exposed to STEM at an early age and the content of the courses taken by preservice preschool
teachers at university is compatible with STEM. The main reason for not creating a control group in
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the study is that the content of the courses taken by the participants during the implementation period
overlaps with the intervention. Special teaching methods, early childhood mathematics education,
early childhood science education, and instructional technologies courses are the courses to be taken
during the implementation period and it is thought that a possible significant difference will occur
when a control group is assigned depending on the content of these courses. The implementation is
enriched with detailed different materials (CNC machine and 3D printer) in addition to these
contents. In other words, preservice preschool teachers take courses serving STEM in the second
year of their education and therefore constitute the participant group of the study.

2.3. Data collection tools and process

Qualitative data was collected with the help of two forms prepared by the researchers. The first
form is ISEF, consisting of six open-ended questions and developed to determine the content of the
intervention. Eight questions were prepared for the ISEF, and opinions were received from two
preschool teachers, two STEM field and two preschool education expert academicians. After the
expert opinions, one of the questions in the evaluation form was removed and the other two
questions were combined, and the form took its final form. These questions are as follows:

1. What criteria do you pay attention to when designing materials in your lessons? Why?

2. What effects can the use of technology in education have? Explain.

3. What are your ideas about 3D printers and CNC machines? Explain.

5. How do you establish interdisciplinary relationships in the material development process?
Explain.

6. How do you interpret the interdisciplinary relationships you establish in the material
development process?

The other form is the DIEF and was prepared to determine the effects of daily practices. DIEF
consists of 5 open-ended questions and was structured in light of the feedback given to ISEF. The
thoughts of the participants after each practice were collected with the help of this DIEF. These
questions are about what they paid attention to when preparing the designed materials after practice,
how they used them, what the effects of the 3D printer and CNC machine were on this process, and
how they interpreted the effects of these materials in the lesson plan they prepared.

Quantitative data was collected with the SSTMU. The 23-item scale with a 5-point Likert type (1:
never, 2: rarely, 3: sometimes, 4: mostly, and 5: always) developed by Korkmaz [48] consists of three
sub-dimensions: content (message design), usage, and design (visual). Scale items are included in
Appendix 1, and some items are as follows: “I can design teaching materials that properly reflect the
context.”; “When designing a teaching material, I can utilize sufficiently concrete visuals.”; “When
planning educational statuses, | can decide on which phase of the course I will use the material.”; and
“I can select the teaching materials with up-to-date context and visuals.” There are 10 items in the
content sub-dimension, 6 items in the usage sub-dimension, and 7 items in the design sub-dimension.
The Kaiser-Meyer-Olkin value calculated for factor analysis was .93, and the Bartlett test results
were found as X% = 2901.946, Sd = 253, p <.001 (RMSEA = 0.055, SRMR = 0.057, GFI = 0.91,
AGFI =0.89, CFI = 0.97, NNFI = 0.96, IFI = 0.97). The Cronbach alpha value of the scale was .822,
and when the sub-dimensions were examined, it was calculated as .835 in the content
sub-dimension, .685 in the usage sub-dimension, and .620 in the design dimension [48]. In this study,
the Cronbach alpha value was calculated as .949, and the sub-dimensions were .91, .83, and .89,
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respectively. The implementation of the data collection tools, and the research process are given in
Table 1.

Table 1. Instruments and processes.

Week Duration Process Instruments
1 60’ Deciding on experimental intervention, intervention status evaluation form ISEF
2 30’ Implementation of quantitative measurement tool SSTMU
3 320’ Experimental intervention DIEF
4 320’ Experimental intervention DIEF
5 320’ Experimental intervention DIEF
6 320’ Experimental intervention DIEF
7 320’ Experimental intervention DIEF
8 320’ Experimental intervention DIEF
9 30 Implementation of quantitative measurement tool SSTMU

Table 2. Experimental intervention process.
Week Process Content
3D printer and CNC machine introduction
3 Experimental  Drawing program implementations
intervention Curriculum knowledge
STEM knowledge
Designing materials (playing cards) on 3D printer and CNC machine (visual design)
4 Experimental ~ Determining outcomes in STEM (message design)
intervention Preparing a lesson plan within the scope of STEM (message design)
Activities for materials developed within the scope of STEM (implementation)
Designing materials (fishing) on 3d printer and CNC machine (visual design)
5 Experimental ~ Determining outcomes in STEM (message design)
intervention Preparing a lesson plan within the scope of STEM (message design)
Activities for materials developed within the scope of STEM (implementation)
Designing material (bird house) on 3d printer and CNC machine (visual design)
6 Experimental ~ Determining outcomes in STEM (message design)
intervention Preparing a lesson plan within the scope of STEM (message design)
Activities for materials developed within the scope of STEM (implementation)
Designing material (car) on 3D printer and CNC machine (visual design)
; Experimental ~ Determining outcomes in STEM (message design)
intervention Preparing a lesson plan within the scope of STEM (message design)
Activities for materials developed within the scope of STEM (implementation)
Designing material (balance scales) on 3D printer and CNC machine (visual design)
8 Experimental ~ Determining outcomes in STEM (message design)

intervention

Preparing a lesson plan within the scope of STEM (message design)

Activities for materials developed within the scope of STEM (implementation)

STEM Education
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The experimental interventions in Table 1 lasted six weeks, and the study period lasted a total of
nine weeks. The experimental intervention contents are given in Table 2.

When Table 2 is examined, it is seen that in the first week of the experimental interventions, each
lasting three hours, the technological tools planned to be used by the preservice teachers during the
process were introduced theoretically and practically (Tooll: 3D printer, Program1: Tinkercad and
Ultimaker Cura; Tool2: CNC laser cutting machine, Program2: Inkscape and Laserwork). In addition,
an information phase was included for the integration of the achievements to be determined for
addressing STEM disciplines through the curriculum in line with the materials designed in the
education process. Information notes were also shared for the use of the tools. In the following weeks,
it is seen that the experimental interventions included the sub-dimensions of the SSTMU. Since the
sub-dimensions of the scale were taken into consideration in each week during the experimental
intervention process, the interview questions were also created based on this context. During the
experimental intervention process, the preservice teachers were followed by the researchers and
guidance was provided to the preservice teachers in cases where help was needed, such as the usage
phase of the machines (e.g., making the printing settings of the 3D printer, changing the 3D printer
filament, and making the cutting settings on the CNC laser cutting machine). The thoughts of the
participants based on their experiences in the visual and message design stages and the
implementation stages after the experimental intervention and the reasons why these thoughts
changed for each stage were explained.

Figure 1. Some sections from the material development process of preservice teachers.

Some concrete materials prepared using a 3D printer are shown in Figure 2, and the materials
prepared using a CNC machine are in Figure 3.
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Figure 2. Materials prepared with 3D printer (a yellow fish, a fishing rod, game cubes, a car model).

Figure 3. Materials created with a CNC machine (playing cards with animal figures,
colorful fish motifs, balance scales, car model and bird house).

Figures 2 and 3 show examples of participants' practices such as playing cards, fishing,
birdhouses, cars, and balance scales. It was decided that these materials could be used to address the
following: creating patterns with objects and shapes, recognizing plants and animals (classifying
living things); distinguishing between living and non-living things, distinguishing between dirty and
clean (environmental pollution), life in water, using magnets; distinguishing between living and
non-living things, protecting animals, bird care; smooth and rough ground, touching, feeling the
structure of the texture, movement; number sense, and balance. While determining the types of
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prepared materials, attention was paid to their suitability for preschoolers and their applicability. The
feasibility of the determined teaching materials with a 3D printer and CNC laser cutting machine was
examined with preservice teachers. The preservice teachers benefited from the preschool education
program in terms of the message, visuality and usefulness of the material in determining the features
that the materials could have. The preschool education program has been an important resource for
preservice teachers in providing examples of materials for preschool students and clues about which
outcomes these materials can be used with.

2.4. Data analysis

In order to determine the intervention status, descriptive and content analysis of the data
collected with ISEF and DIEF was conducted. The data summarized and interpreted descriptively
were subjected to content analysis [61] and themes and subthemes were created. The researchers and
two field experts (a mathematics educator and a science educator) performed the analyses on the
codes and themes and discussed the consistency of the codes and themes and reached a consensus.
The themes created were structured based on the sub-dimensions of the scales. The researchers
discussed the consistency of the codes and themes with the experts who performed the analyses on
the codes and themes. Miles and Huberman [62] calculate this similarity, which they call internal
consistency and conceptualize as consensus between coders, using the formula: A= C =(C + 9) > 100.
In the formula, A: Reliability coefficient, C: Number of topics/terms on which consensus was reached,
0: Number of topics/terms on which consensus was not reached. According to the coding audit that
provides internal consistency, the consensus between the coders was found to be 95%. After the
necessary arrangements, the final version of the codes and themes mentioned in the findings section
was given. In other words, the codes were determined as the design of the material (message design
and visual design) and its use, and the appropriate measurement tool was researched. The appropriate
measurement tool was determined as SSTMU, and the pre-test and post-test scores of the
measurement tool were determined. In the normality test conducted in the study to determine
whether the data showed a normal distribution, when the Shapiro-Wilk values [63] used in cases with
a sample size of less than 35 were examined, it was concluded that the quantitative data were not
normally distributed (p <.05). For this reason, Wilcoxon signed-rank test was used in
pre-test-post-test comparisons.

3. Results

3.1. Results regarding the sub-problem “What are the thoughts of preservice teachers about
the materials developed with a 3D printer and a CNC machine to be used in STEM
education before the intervention?”

Participants' pre-intervention thoughts on the materials developed on the 3D printer and CNC
machine for use in STEM teaching are given in Table 3.
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Table 3. Participants' thoughts on materials developed on 3D printers and CNC machine
for use in STEM teaching.

Theme Sub-theme f
Lack of knowledge about material design on 3D printers and CNC machine 12

Lack of knowledge on how to use materials designed on 3D printers and CNC
machine in STEM teaching

Personal Lack of knowledge about the program/software to be used (Tinkercad,
competence Ultimaker Cura, Inkscape, Laserwork)

~

Belief in the difficulty of design stages

Lack of experience with material design on 3D printer and CNC machine

They do not have analytical thinking

Contains a lot of variety

A single material serves different disciplines

Making materials more eye-catching

~AlOoOOjfOI|OO|OT|O| A~

Usability of

. Assingle material provides different perspectives
materials

Materials are very important in concretization 11

a1

Increasing interest in the lesson

Being eye-catching 6

When Table 3 is examined, it is seen that the participants' thoughts before the intervention are
gathered under the themes of personal competencies and usability of materials. Participants mostly
stated that they do not have experience and knowledge about materials that can be developed on 3D
printers and CNC machines. In addition, participants stated that they do not know how to use the
materials they designed within the scope of STEM and how to relate them. It is also seen that they
have beliefs about the difficulty of the design phase (i.e., the use of technology). In other words, it is
seen that they stated that their self-efficacy is not sufficient in the processes of designing and
implementing materials prepared with 3D printers and CNC machines. Additionally, some
participants combined these negative statements with a lack of analytical thinking. Before the
intervention, participants also stated that the materials are very important in concretization, are
eye-catching, contain variety, increase interest in the lesson, a single material can serve different
disciplines, making materials more eye-catching, and that a single material provides different
perspectives.

3.2. Results regarding the sub-problem “Does the intervention affect the self-efficacy of
preservice teachers in using educational materials?”

The Wilcoxon signed-rank test results for the pre-test and post-test scores of the self-efficacy
scale for teaching material utilization of participants are given in Table 4.

Table 4. Wilcoxon signed-rank test results for pre-test and post-test scores.

Sub-dimension  Post-test-Pre-test N X Mean rank  Sum of ranks VA p
Negative ranks 5 37.50 8.20 41.00 -1.682 .093
Message design  Positive ranks 12 40.44 9.33 112.00
Ties 1

STEM Education Volume 5, Issue 4, 688-713
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Negative ranks 3 22.78 6.00 18.00 -2.595 .009*
Usage Positive ranks 13 25.33 9.08 118.00

Ties 2

Negative ranks 3 28.22 10.17 30.50 -1.680 .093
Visual design Positive ranks 12 29.94 7.46 89.50

Ties 3

Negative ranks 5 88.50 6.00 30.00 -2.208 .027*
Total Positive ranks 12 95.72 10.25 123.00

Ties 1
*p<.05

When Table 4 is examined, it is seen that according to the Wilcoxon signed-rank test results of
the pre-test-post-test total scores of the self-efficacy scale for using teaching materials, a significant
difference was detected in favor of positive ranks, that is, post-tests (Z = -2.208, p = .027). When
each sub-dimension was examined, a significant difference was detected in favor of positive ranks,
that is, post-tests, in the usage sub-dimension (Z = -2.595, p = .009), while an increase was detected
in favor of the post-test in the message design and visual design sub-dimensions, but this increase
was not significant (Z = -1.682, p =.093; Z = -1.680, p = .093).

3.3. Results regarding the sub-problem “How did the intervention affect the views of preservice
teachers on the design stage?”

The themes and sub-themes show how the participants' views on the message design and visual

design stages were affected after the intervention are given in Table 5.

Table 5. Indicators of how the intervention affected participants’ views on the design stages.

Week Process Sub-dimension Theme Sub-theme f
Creating concrete materials with the 3D printer 1
and CNC machine

Compliance Ability to move from simple to complex 4
with teaching structures with the prepared materials
principles The prepared materials include the principle of 3
- near to far
§ Ensuring materials are suitable for the age group
GE) g’ . It’s being materials that support STEM teaching
2 B Reflection of - - - - -
o £ © It can be integrated into different fields because it
oh = g content . 7
< < supports STEM teaching
[5) [ 7]
E < Being touchable
(8]
3 Formal The colors are attractive 7
ol . N N X - -
compliance Visual dimensions can be fully adjusted with the 4
3D printer and CNC machine
. Associating the materials prepared with 3D
Parallelism . . .
ith th printers and CNC machine with different methods 2
with the
(such as drama, games, collaboration)
method

Permanence of learning by establishing a 3

STEM Education
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method-material relationship

Better understanding of the visuals as they use
their subjective ideas during the drawing and 7

Designin
gning painting phase

visuals more - -
Materials can be designed to be more

understandable depending on the preferences of 6

understandable

= the children

g Updating materials within the STEM framework 9
s Ability to and with technology support

'% update material ~ Ability to configure current materials with the 3D

11
printer and CNC machine

Making choices Determination of material according to outcomes 3

that are Being able to decide which outcome the material 4
appropriate to will serve
the content Using up-to-date material in lesson plans 3
Competence in  Gaining competence in creating concrete 8
] the field materials
g Gaining competence in preparing STEM ;
g materials
c—‘: Design Gaining the ability to make drawings 7
é competence Gaining analytical thinking 4
g Creativity enhancement 3
Gaining competence in the programs used 5

When Table 5 is examined, it is seen that the intervention was effective in the participants' views
on the design dimensions; message design and visual design, and in addition to these, on their
personal competencies. The themes of message design; compliance with teaching principles,
reflection of content, formal compliance, and parallelism with the method were formed based on the
participant expressions. Creating concrete materials with the 3D printer and CNC machine was
mainly stated. This situation was stated by the participants as follows:

P7: “It is very important for this age group that the materials are concrete, especially,
it would be good to think that they will take part in the designing, painting, that is, the
process. We can also use these materials when moving from concrete to abstract.”

P8: “These are actually simple plastics, but we produced better materials with CNC
machine and 3D printers, which are much more suitable for the child's age and much
more useful.”

In addition, the participants stated that they designed visuals more understandably, were able to
update the material and make choices appropriate to the content in the visual design after the
intervention. Being able to configure current materials with CNC machine and 3D printers was
mainly stated. This situation was stated by the participants as follows:

P1: “I didnt know anything about CNC and 3D printing, |1 was scared, but in the process,
| saw that | could make the material | wanted in a more up-to-date form, and I could
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apply it.”
P3: “In fact, these are materials that have been used for years, but when we include
technology, it seems more current and functional to me.”

In addition to visual design and message design, it is observed that preservice teachers expressed
that they felt competent after the intervention for these designs. This competence is varied as
competence in the field and design and is mainly expressed as preparing concrete materials for
STEM with the help of 3D printers and CNC machines. In addition, the participants stated that they
gained analytical thinking skills as a result of the practices they did.

3.4. Results regarding the sub-problem “How did the intervention affect the views of preservice
teachers on the usage stage?”

The themes and sub-themes showing how the participants’ views on the stages of using the
materials after the intervention was affected are given in Table 6.

Table 6. Indicators of how the intervention affected the participants' views on the stages
of use of materials developed with 3D printers and CNC machines.

Week  Process  Sub-dimension Theme Sub-theme f
As STEM is holistic, it includes process 5
Using for evaluation
evaluation Ensuring that the evaluation is skill-focused

Allows observation of early age groups

Functional use in prepared plans

Using in lesson - — - -
olan There is no difficulty in the lesson plan as it 3

% supports STEM outcomes
- 3 Increasing the desire to participate in ;
= _ activities
S Using for : - -
b o Making their presence in the process
8 motivation . 6
o £ sustainable
«® *E Easy motivation because it attracts attention 7
(5]
E Using to attract ~ It's fun 11
(8] . .
53 attention Can be structured to attract attention 8
L
. Effective preparation of lesson plans
Competence in — - - -
8 i Establishing relationship the outcome in
< the field 5
= STEM
[oX
g Competence in preparing and using STEM 6
ic: outcomes
c Competence for — -
2 Competence in individually preparing and
5 use ) . . .
o using materials developed with the 3D printer 9

and CNC machine

When looking at Table 6, it is seen that the intervention affected the participants in terms of the
use of materials prepared with 3D printers and CNC machines and in terms of personal competences.
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The participants stated that the themes created for the use dimension included the lesson plan stages.
These stages also constitute the themes and emerge as evaluation, motivation, attracting attention and
use in the lesson plan after the coding made depending on the participants' statements.

It is observed that the participants stated that their personal competences increased after the
intervention and that this was both in their field (preschool teaching) and in terms of usage. It is
stated by the participants that they gained competence in individually preparing and using materials
developed mainly with the 3D printer and CNC machine. The participants expressed their thoughts
as follows:

P6: “At first, I thought I wouldn't be able to do it. It was very difficult, but the process
was both fun and educational. Now I can prepare and use my individual materials.”
PS7: “I had a hard time but then I realized that I could do it and that I have developed

’

personally in this business and that will be useful for me.’

3.5. Results regarding the sub-problem “How did the intervention affect the preservice
teachers’ lesson plan preparation process?”

The themes and sub-themes showing how the materials developed by the participants after the
intervention affected the views of participants on the lesson plan preparation processes are presented
in Table 7.

Table 7. Indicators of how the intervention affected the participants' views on the lesson
plan preparation processes of the materials developed with 3D printers and CNC

machines.
Week  Process  Sub-dimension Theme Sub-theme f
Ability to create concrete
materials with the 3D printer and 9
CNC machine
i . Ability to move from simple to
Making choices .
. complex structures with prepared 6
according to the .
o . materials
principles of teaching —
5 c The prepared materials include 4
2 =
E, EL the principle of near to far
g 2 Ensuring materials are suitable "
1 [<5]
- = = for the age group
E ? Ability to associate materials
é S prepared with the 3D printer and
o & CNC machine with different 4
Making choices methods (such as drama, games,
according to the method  collaboration)
Learning becomes permanent
because it establishes a 4
method-material relationship
Making choices Updating materials within the 10
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according to the STEM framework and with
currency of the material ~ technology support

Ability to configure current

material with the 3D printerand 10
CNC machine

Determination of material

according to outcomes

. . Being able to decide which gain
Making choices that are o 5
the material will serve

suitable to the content - - -
Being able to decide which area

(cognitive, psychomotor, 5
affective) the material will serve

Materials serve for evaluation 6
Making choices suitable

for the evaluation Evaluation should be

process process-oriented, not 7

outcome-oriented

When Table 7 is analyzed, it is seen that the intervention affected the participants' lesson plan
preparation process in the themes of making choices in accordance with the teaching principles,
making choices in accordance with the method, making choices in accordance with the currency of
the material, making choices in accordance with the content, and making choices in accordance with
the evaluation process.

Under the theme of making choices in accordance with teaching principles, it is stated by the
participants that they gained the competence to create concrete materials with the 3D printer and
CNC machine, and that they were able to integrate the prepared materials into the lesson plan in
terms of including the principle of simple to complex and near to far. It is also stated that since there
are materials suitable for the age group under this theme, integration into the lesson plan is easy.
Under the theme of making appropriate choices according to the method, the participants stated that
the materials prepared with 3D printer and CNC machine supported the acquisition of the ability to
associate with different methods (such as drama, game, cooperation) and that this ensured that the
learning was permanent due to the method-material relationship.

In the theme of making a choice in accordance with the actuality of the material, the
updateability of the materials thanks to STEM with the support of technology and the ability to
create current materials thanks to CNC machine and 3D printers came to the fore. In the theme of
choosing according to the content, the participants stated that they were able to determine the
material according to the outcome, to decide which outcome and which area (cognitive, psychomotor,
affective) it would serve with the development in the lesson plans. In the theme of making
appropriate choices for the evaluation process, it is stated that the materials can serve the evaluation
and that they can realize that the evaluation is process-oriented rather than result-oriented with the
lesson plans.

P4: “Lesson plans were very difficult at the previous stage, but in the process, I realized
that | could use them both in the introduction to the lesson and in the evaluation. | think
there was an improvement compared to the first lesson plans | prepared because | was
able to decide which material was suitable for which outcome.
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P5: “I had a hard time, but then I saw that | could establish the relationship between the
stages in the lesson plan. How do | prepare which material for which outcome? Until the
last week, | realized that different materials could serve different areas - psychomotor for
example - and the lesson plans had a big impact.”

4. Discussion and conclusions

In this study, which was conducted to examine the development processes of materials developed
by preservice preschool teachers using 3D printers and CNC machines, an increase was observed in
the participants' self-efficacy scores for teaching material utilization after the implementation. While
this increase was significant in the usage sub-dimension, it was not significant in the message design
and visual design sub-dimensions. When the pre- and post-implementation opinions of the preservice
teachers were examined, it was observed that they could reflect the information they learned in the
areas of message design (compliance with teaching principles, reflection of content, formal
compliance and parallelism with the method), visual design (designing visuals more understandable,
ability to update material, making choices that are appropriate to the content) and usage (using for
evaluation, using in the lesson plan, using for motivation, using to attract attention) with their own
expressions and could present it with their competencies (competence in the field, design
competence, competence for use). The qualitative findings obtained from the research also support
the increase obtained from the scale and in favor of the post-test. Before the implementation, the
preservice teachers'; It was determined that the views of the participants such as containing variety,
serving the knowledge of different disciplines with a single material, concretization, increasing
interest and being eye-catching evolved towards the perspective of usability of materials that can be
developed on 3D printers and CNC machines in STEM teaching after the implementation. The
participants expressed their thoughts in detail in their views on the materials they developed during
the implementation.

The preservice teachers stated that they will be able to ensure skill-based evaluation thanks to the
material usage and that they will be able to benefit from this process in the evaluation stages since it
allows the opportunity to observe students at an early age. It was stated that material usage can be
used in lessons because it is also functional and supports STEM outcomes; it increases students'
desire to participate in the activities, provides sustainability, attracts attention and motivating; it is
fun and allows establishing, preparing, and using STEM materials. There are various studies
[15,37,64-66] addressing the benefits of 3D printers integrated into the educational process and the
materials produced with this technology (making the abstract concrete, providing interaction with
concretization, attracting students' attention, providing design skills, providing the subjects planned
to be taught, providing ease of learning, providing material support for the learning process). In the
lesson plans examined as data sources, it was observed that the preservice teachers included these
technologies in the teaching-learning environment by considering their benefits, and that they were
able to address features such as the principles of teaching, method, currency of the material, and
content knowledge that should be considered in the material design process. These findings also give
an important idea about how to integrate the 3D printer and CNC machine into the teaching process.
In addition, when the materials developed by the preservice teachers during the process were
examined, it was observed that they dealt with various science and mathematics concepts (e.g., living
things, balance, and numbers), prepared an environment for STEM teaching, and tried to attract
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attention visually, as well as that as a result, these materials were appropriate for the age group of
children.

Another remarkable result of the study is that the score increases in the usage dimension related
to the use of materials produced with 3D printers and CNC machines are significant; however, the
increase in the design dimension expressing design is not significant. It can be implied that the
preservice teachers believe that the use of ready-made materials can make the course easier. However,
it is also reflected in the results that they see designing the materials themselves as a challenge. The
preservice teachers' views show that they initially felt fear and anxiety about the implementation
process. However, they observed an improvement in themselves as the process progressed. As a
result of the implementation, it can be suggested that despite the personal competencies gained
regarding the design process, the perceptions of inadequacy that are estimated to have formed in the
minds of the preservice teachers and the beliefs regarding the difficulty of the design process
continued, which caused the increase in the post-test scores to be insignificant. 3D printed
educational materials have both advantages and disadvantages. These disadvantages include the need
for knowledge and experience of the individuals who design the educational materials and the
emergence of printing errors during the part production process [66]. A similar situation can also
occur in implementations made with CNC machines (design errors, technical errors, etc.). It can be
thought that the difficulties encountered by preservice teachers may negatively affect the efficiency
of the material production process. However, when viewed from the student's perspective, it can be
suggested that the errors that may be encountered in the production process cause students to learn
faster and be more determined [67]. For preservice teachers, this result can be explained by the fact
that creativity is negatively affected by age factor [68] and that students are more willing to take
risks [69]. In line with the information obtained, although there was an increase in self-efficacy
scores, the fact that it was not significant may be due to the disadvantageous situations encountered
by the preservice teachers while using the 3D printer and CNC machine in the design process and the
fact that they were new to this process may have caused them to approach these situations with
prejudice. In addition, as another source of prejudice, it can be implied that preservice teachers think
that they can design the teaching materials they want with simple materials. Because the Preschool
Education Program usually suggests the use of materials such as paper, cardboard, fabric, etc. in the
example activities. Considering the idea that technology integration contributes significantly to the
improvement of employee performance and can encourage innovation and productivity in fresh
graduated adults [70], it can be suggested that the use of technology plays an important role in
supporting the knowledge and skills required for the teaching process and in producing appropriate
materials that can be used in the teaching process. In addition, the more the preservice teacher is
exposed to this process, the more they can increase their self-efficacy for teaching material utilization.
In this context, they would not feel unfamiliar with the integration of these technologies into teaching
activities. In line with the quantitative and qualitative findings, it can be concluded that materials
developed with 3D printers and CNC machines can be used in STEM teaching and will facilitate
teachers' acquisition of knowledge and skills appropriate to the subjects to be taught [71].

The study is limited to 18 preservice preschool teachers, the data collection tools used, and the
planned experimental process (material development training with 3D printers and CNC machines,
presentation of material samples suitable for preschool education level that are thought to support
STEM achievements, the process of developing materials with 3D printers and CNC machines). A
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control group could not be created due to the small number of preservice teachers who volunteered.
The generalizability of the results is debatable.

4.1. Recommendations

In order to develop materials suitable for the achievements with 3D printers and CNC machines
to be used in the teaching of STEM disciplines, training activities can be carried out with both
preservice teachers and teachers. The effects of materials to be developed with 3D printers and CNC
machines on the teaching of relevant subjects and the 21st century skills planned to be acquired can
be investigated. Training in designing materials with 3D printers and CNC machines can be
organized for preservice teachers and teachers. In this way, the number of preservice teachers and
teachers with knowledge and skills on these educational technologies can be increased. An enriched
environment can be created with materials developed with 3D printers and CNC machines for
children in early childhood. In addition to providing learning outcomes and motivation in the
teaching process, research can be conducted on the use of materials developed with 3D printers and
CNC machines as a tool for measurement and evaluation in STEM education. Research on materials
developed with 3D printers and CNC machines can be designed not only with preschool preservice
teachers but also with study groups with different characteristics (e.g., age, gender, and department).
The training period can be extended to cope with the difficulties encountered during the design and
production process. In this way, the time to acquire knowledge and experience can be extended.
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Appendix: Self-efficacy scale items of teaching material utilization

I can design teaching materials that properly reflect the

1 2 3 4 5
context.
I can use figure-background color contrast in order to
2 increase the understandability of the message in a teaching 2 3 4 5
material.
3 I can use the sizes of the visuals in order to create a sense of s 3 4 s
distance/closeness in a teaching material.
4 When preparing teaching material, | can use texture in order s 3 4 s
to create a sense of realism of the visual.
% I can choose teaching materials conforming with the teaching
§ 5 principles such as arranging the content from concrete to 2 3 4 5
g abstract, from basic to complex.
[7¢]
§ 6 When designing teaching material, | can utilize sufficiently ) 3 4 5
concrete visuals.
; | can select the teaching materials suitable for the teaching 5 3 4 s
methods | use.
8 When designing teaching material, | can make use of spaces s 3 4 5
in order to place emphasis on the message.
9 | can design teaching materials suitable for the type of > 3 4 s
context (cognitive, affective, psychomotor, etc.).
10 I can select the teaching materials that express the message to 5 3 4 5
be given in the most explicit and short way possible.
I can use the information sources on the internet as teaching
11 . 2 3 4 5
materials.
I can sufficiently utilize teaching materials for evaluating
12 2 3 4 5
students.
13 When planning educational statuses, | can decide on which > 3 4 5
:‘%’, phase of the course | will use the material.
3 I can sufficiently utilize teaching materials for motivating
14 2 3 4 5
students.
| can rearrange and use an already available teaching
15 . 2 3 4 5
material.
16 | can sufficiently utilize teaching materials in order to attract > 3 4 s
and maintain the attention of the students.
I can select the teaching materials in which the visuals are
- 17 designed in a more orderly and easily understandable way 2 3 4 5
% (where integrity is established).
c:; | can select the teaching materials in which the amount of
5 18 . . o 2 3 4 5
-; information presented is suitable.
When designing teaching material, | can properly utilize
19 gning g property 2 3 4 5

colors.
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20

I can design up-to-date teaching materials in terms of context

and visuals.
I can select the teaching materials with up-to-date context and

21 . 2 3 4 5
visuals.
I can select the teaching materials suitable in terms of design

22 elements such as texture, form-background, emphasize, line, 1 2 3 4 5
size and space.
I can select the visuals in conformity with the

23 1 2 3 4 5

type of context.

©2025 the Author(s), licensee by AIMS Press. This is an open

AI]% AIMS Press access article distributed under the terms of the Creative Commons

Attribution License (https://creativecommons.org/licenses/by/4.0/).

STEM Education

Volume 5, Issue 4, 688-713



