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Abstract

The integration of STEM education into mathematics teacher preparation programs has become
increasingly vital to equip future educators with interdisciplinary skills required for 21st century learning
environments. Considering this situation, this study explores the experiences, challenges, and reflections
of mathematics teacher candidates during a STEM-based activity which was designed within the scope
of teacher education. In this direction, a case study was conducted with 19 mathematics teacher
candidates from a state university in Tiirkiye. Data were collected through a Product Evaluation Rubric,
Product Evaluation Form, and an Opinion Form developed by the researchers. Obtained data was
analyzed by means of qualitative approaches. The findings revealed that although all participants were
conceptually familiar with STEM, they lacked prior experience in a practical STEM activity. After their
participation in the current study, it was determined that most of the participants asserted positive
opinions about the activity such as creating solutions to the problems and enhancing their creativity.
Also, the participants expressed strong intentions to incorporate similar activities in their future
classrooms. On the other hand, the participants reported several challenges that they faced such as
design-related difficulties and technology-related difficulties during the activity process. In the future,
it is recommended to conduct further STEM education studies with different designs involving
mathematics teacher candidates to present information-rich data to the field to enhance the professional
development of mathematics teachers.
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Introduction

Today, the aim of educational activities goes far beyond teaching students only theoretical knowledge
(Partnership for 21st Century Skills, 2010). In this context, it has become prominent to train students
who can transfer what they have learned to their daily lives and relate it to different disciplines (Smith
et al., 2022). Also, the targets of education involve equipping students with the skills to adapt to the age
they live in (Bozkurt Altan, 2017). In the digital age we live in, the interdisciplinary approach used for
the aforementioned purposes is STEM (science-technology-engineering-mathematics) education
(Akaygun & Aslan-Tutak, 2016). Based on the principle of solving real-world problems, STEM
education aims to equip students with the knowledge, skills, critical thinking ability, and creativity
required to solve complex problems related to different disciplines (Maass et al., 2019). At the same
time, this process often involves the use of engineering design and applications (Guzey et al., 2017).
Thus, students can evaluate a problem situation from daily life with a more comprehensive perspective
and develop solutions to this problem like an engineer. Another aim of STEM education is to train
qualified individuals by directing students to have careers in these fields and to provide economic value
to their countries (Corlu et al., 2014). Even if students who receive STEM education do not have a career
in this field in the future, they can transfer the benefits of the skills they have acquired through STEM
education to their daily lives (Benken & Stevenson, 2014). Therefore, STEM education needs to be
given at an early age, starting from the primary school level (Liu, 2020). Thus, students' interest can be
attracted to these fields. This situation can be achieved by training qualified teachers who will provide
STEM education to the students at different grade levels.

Considering their critical roles, sufficient importance should be given to STEM education in teacher
candidate training. Indeed, STEM education makes various contributions to teacher candidates such as
developing problem-solving skills (Alan et al., 2019; Ozcakir Siimen & Calisici, 2022), innovation skills
(Hacioglu, 2021), and tendency to use technology in their future classes (Urek & Coramik, 2023). In
addition, studies show that teacher candidates increase their academic achievement (Ozgakir Siimen &
Calisici, 2022) and develop their conceptual understandings through STEM applications (Altumisik et
al., 2023; Ozkizilcik & Cebesoy, 2024). Furthermore, considering that teacher candidates will be able
to implement STEM applications in their own classrooms in the near future, they need to be equipped
with the necessary skills in this field. On the other hand, it can be asserted that the courses related to
STEM education are limited in teacher training programs (CoHE, 2018). For example, an examination
of the undergraduate mathematics teacher education program shows that there is no course directly
related to STEM education. The subject of STEM can be addressed within the scope of the courses
“Mathematics Teaching” and “New Approaches in Mathematics Education”. A similar deficiency is
also encountered in the studies conducted with teacher candidates in this field. Although STEM
education is important for students at all educational levels, Wilson et al. (2022), who reviewed articles
in three different journals on the subject of STEM education, reported in the results of their content
analysis that this line of education is predominantly provided for students in precollegiate programs.

Taking into account the abovementioned literature, it can be asserted that there is a need to address
college level participants and teacher candidates more frequently in terms of STEM education studies.
Accordingly, Sungur-Gul and Tasar’s (2023) study indicated that teacher candidates need education in
various dimensions of STEM education such as theoretical structure of STEM, sample STEM activities
and STEM learning methods. However, when the studies conducted with teacher candidates in the
literature are examined, it is seen that studies on STEM education for mathematics teacher candidates
(Bergsten & Frejd, 2019; Geiger et al., 2018; Poonpaiboonpipat, 2021, Yildirim & Sidekli, 2018) seem
to be fewer than those conducted for science teacher candidates (Alan et al., 2019; Awad & Barak, 2018;
Aydin-Gunbatar et al., 2018; Douglass & Verma, 2022; Ozkizilcik & Cebesoy, 2024; Siew et al., 2015;
Sungur Giil & Saylan Kirmizigiil, 2023). However, STEM education encompasses four disciplines:
science, mathematics, engineering and technology. Mathematics is one of the fundamental disciplines
of STEM education. Also, it can be seen in the cluster analysis by Zhang and Zhu (2023) that the
keyword “STEM mathematics education” comes after the keyword “science teacher candidates” in the
listing of articles the authors selected from the Web of Science Core Collection database. Based on this
discovery regarding one of the fundamental areas in STEM education, mathematics, it is apparent that
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there is a need for effective STEM education applications especially designed for mathematics teacher
candidates. That is why the current study focuses on mathematics teacher candidates.

A review of the literature reveals that several STEM education studies conducted with mathematics
teacher candidates are based on the lesson plans prepared by the teacher candidates (Bergsten & Frejd,
2019; Poonpaiboonpipat, 2021; Yildirim & Sidekli, 2018). These studies are reported to contribute to
mathematics teacher candidates' understanding of the concept of STEM education (Bergsten & Frejd,
2019; Poonpaiboonpipat, 2021), development of their 21st century skills (Bergsten & Frejd, 2019),
mathematics literacy self-efficacy and technological pedagogical content knowledge (Yildirm &
Sidekli, 2018). On the other hand, these applications were reported to cause no significant improvement
in the mathematical thinking of the participants (Yildinm & Sidekli, 2018). Geiger et al. (2018),
however, developed an online learning module on mathematical modeling for teacher candidates in their
study. This module was based on the mathematical literacy model and focused on the relationship
between mathematical modeling and STEM disciplines. The researchers obtained positive results from
this module and also emphasized the need for further development of the module with the participation
of more stakeholders. Besides, various challenges encountered by teacher candidates in the
aforementioned STEM education-based study processes are discussed in the research (Geiger et al.,
2018; Poonpaiboonpipat, 2021; Yildinm & Sidekli, 2018).

One of the challenges teacher candidates face in STEM education applications is concerned with the
engineering design process (Barbosa et al., 2024; Poonpaiboonpipat, 2021; Urek & Coramik, 2023).
Engineering design constitutes a significant part of STEM applications. As a result of this design
process, a model of the product to be developed can be created. In this regard, designs can be made
using technology or hands-on applications. Thus, physical (Karaismailoglu & Yildirim, 2023; Urek et
al., 2025) or digital models (Dertli & Yildiz, 2025; Karaismailoglu & Yildirim, 2023; Kiigiik et al., 2024;
Pabugcu Akis & Demirer, 2023; Sen et al., 2020; Tiiysiiz et al., 2024; Urek et al., 2025) can be created.
In the context of digital modelling, Tinkercad is a free web application that provides the opportunity to
create three-dimensional (3D) designs (Autodesk, 2024). STEM education benefits from this approach.
By using these types of technologies towards a specific aim in education, students are introduced to real-
life situations in a low-risk and entertaining environment (Beheshti et al., 2024). The technological
opportunities that lead the way to spatial-mathematical learning experiences using Tinkercad are
elements of design known as adding, dimensioning, combining, aligning, cutting, rotating, measuring,
and 360° viewing (Sun, 2023). Moreover, Tinkercad is capable of connecting with 3D printers, which
can produce concrete materials through the use of ink, toner and filament instead of paper (Sen et al.,
2020).

The use of Tinkercad appears in various studies in the literature that have been conducted with middle
school students (Dertli & Yildiz, 2025; Kiiciik et al., 2024; Sen et al., 2020; Tiiysiiz et al., 2024) and
high school students (Pabugcu Akis & Demirer, 2023). However, there are fewer studies which involve
teacher candidates (Karaismailoglu & Yildirim, 2023; Urek et al., 2025). In some of these studies,
designs have been transformed into products with the help of 3D printers and in this context, we can see
that students created products such as scales (Sen et al., 2020), bottles of cologne (Pabugcu Akis &
Demirer, 2023) and cold storage rooms (Dertli & Yildiz, 2025). Some of the models described in studies
appear to have been left in digital form (Karaismailoglu & Yildirim, 2023; Kii¢iik et al., 2024; Sungur
Giil & Saylan Kirmizigiil, 2023; Tiiysiiz et al., 2024; Urek et al., 2025). Besides, the activities reported
in the literature have resulted in positive feedback from the students (Dertli & Yildiz, 2025;
Karaismailoglu & Yildirim, 2023; Pabugcu Akis & Demirer, 2023; Sen et al., 2020; Tiysiiz et al., 2024).
On the other hand, Kiigiik et al. (2024) reported a comparison they made between traditional teaching
applications and those conducted with Tinkercad in two fifth grade classes, stating that there was no
significant difference between the groups in terms of either spatial thinking skills or computational
thinking skills (Kii¢iik et al., 2024). This study makes use of both digital and physical modelling with
the use of Tinkercad and hands-on applications by mathematics teacher candidates.

Current Study

The aim of this study is to develop, implement, and evaluate a STEM-based activity for mathematics
teacher candidates. In this context, it is aimed to examine teacher candidates’ experiences and reflections
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about the activity as well as the challenges they faced during the activity process. Also, the products
which were developed by the teacher candidates were investigated in detail.

In view of the limited resources available in the literature on STEM activities for mathematics teacher
candidates, our study aimed to make a contribution to the field by providing a detailed example of an
activity that can be used in this context. At the same time, activity-based studies offer various advantages
to teacher candidates embarking on their professional lives (Jeong et al., 2020; Urek & Coramik, 2023;
Yildirim, 2021). In fact, it has been reported that teachers’ perceptions, their knowledge and the level of
their comprehension of STEM play an important role in their effective use of STEM education in their
own classes (Bell, 2016). Teacher candidates gain a host of knowledge about current methods and
techniques in the formal education they receive during their undergraduate training. It is true, however,
that they may not be able to have the opportunity of being actively involved with any one of these
methods. By offering a means of having teacher candidates participate in a STEM activity, this study
offered them the opportunity to become more acquainted with STEM education, which was another goal
of our research.

The research questions to which answers were sought were:

o What were the teacher candidates’ prior knowledge and experience of STEM education before
participating in the activity?

e What kind of products did the teacher candidates develop over the course of the activity?

e What were the teacher candidates’ opinions about the activity following their participation in
the activity?

Method
Research Design

This study employed a qualitative case study design. This methodological approach is particularly
appropriate for research that aims to gain an in-depth, holistic understanding of a complex phenomenon
within its real-life, contemporary context (Yin, 2018). A case study is defined as an empirical inquiry
into a “bounded system”, which can be an individual, a group, an event, or, as in this instance, a specific
program or activity (Creswell & Poth, 2018; Stake, 1995). The “case” in this research is the bounded
system of 19 mathematics teacher candidates participating in a structured, two-week STEM-based
activity designed and implemented by the researchers. This design was chosen over other qualitative
approaches because the study's focus was not on the isolated, lived experience of an abstract
phenomenon (as in phenomenology), but rather on the comprehensive, real-world processes, challenges,
and outcomes of a specific educational intervention (Yin, 2018). A key strength of the case study design
is its capacity to utilize multiple sources of evidence to facilitate data triangulation (Stake, 1995).
Accordingly, this study utilized a Product Evaluation Rubric, a Product Evaluation Form, and an
Activity Opinion Form to build a rich, detailed, and credible account of the candidates' experiences and
reflections during the STEM activity.

Study Group

The study group consists of 19 mathematics teacher candidates, 10 males and 9 females, studying at the
faculty of education of a state university in the west of Tirkiye. The study group was determined by
criterion sampling, one of the purposive sampling methods. Criterion sampling requires the inclusion of
all situations that meet the determined criteria in order to reach the best data source suitable for the
research purpose (Patton, 2014). In this framework, the participants included in the study group are
studying in the sixth semester of their undergraduate education and have completed the compulsory
courses in their programs, namely “Mathematics Learning and Teaching Approaches”, “Algorithm and
Programming”, “Instructional Technologies”, “Problem Solving in Mathematics” and “Mathematics
Teaching 1”. In addition, the participants are taking the courses “Mathematical Modeling” and
“Mathematics Teaching 2” in the semester in which the application was carried out. These criteria were
deemed essential as they ensured participants possessed the prerequisite knowledge for the STEM
activity. Specifically, courses such as “Mathematics Learning and Teaching Approaches” and “Problem
Solving in Mathematics” provided the essential pedagogical and content knowledge. Simultaneously,
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courses like “Algorithm and Programming” and “Instructional Technologies™ equipped the candidates
with the basic technical and design-oriented skills required to engage with the 3D modeling (Tinkercad)
and technology integration components. The sixth semester marks a point in their program where they
possess this sufficient foundational knowledge but have not yet begun their final-year teaching
practicum.

The researchers informed all students taking the “Mathematics Teaching 2” course about the study's
purpose and procedures. It was emphasized that participation was entirely voluntary and would not
affect their course grades in any way. The 19 students who expressed interest and agreed to participate
constituted the study group. Ethical approval was obtained from the Science and Engineering Ethics
Commission of Balikesir University (Approval No: E-19928322-302.08.01-374173). All participants
provided written informed consent after being assured of confidentiality and their right to withdraw at
any time.

Data Collection Tools

Product Evaluation Rubric: While providing individuals with sufficient detail to evaluate themselves in
the process of completing and improving a task during self-evaluation, rubrics also support STEM
classes as a peer assessment tool by evaluating the work of other students working on different aspects
of the STEM project (Bender, 2016). In this study, a “Product Evaluation Rubric” was used for the peer
assessment of the products developed by the groups. This rubric was originally developed by the
researchers following a comprehensive review of relevant literature on STEM product assessment. To
ensure content validity, the draft instrument was reviewed by two field experts. Based on their feedback,
the wording of the items (e.g., 'the inclusion of the engineering design process' and 'affordability and
usability') was clarified, and the final version of the rubric was implemented after achieving full
consensus from the experts on its clarity and relevance. The rubric consists of five items that could be
scored between 'l' (e.g., Poor) and 'S' (e.g., Excellent).

Product Evaluation Form: In this study, the “Product Evaluation Form”, consisting of four open-ended
questions, was used as a qualitative tool to facilitate groups' self-evaluation of their own products . The
form was developed by the researchers and reviewed by two field experts to ensure both content validity
and comprehensibility. Based on their feedback, minor wording adjustments were made to ensure the
questions would elicit the intended technical reflections. The form was deliberately designed to
complement the “Product Evaluation Rubric” rather than merely “support” its findings. While the rubric
captured quantitative, external peer-assessments of the final product, this form was intended to yield
qualitative data on the internal design process. Specifically, its purpose was to obtain detailed, in-depth
information regarding the candidates' technical self-reflection. Accordingly, the four questions focused
on the groups' solution paths, their purposeful use of geometric shapes, their rationale for determining
length measurements, and the aspects of their products they wished to develop. This provided a depth
of process-oriented data on the groups' specific mathematical and engineering reasoning that the rubric
alone could not capture.

Activity Opinion Form: This form, consisting of eight open-ended questions, was used to obtain
participants' summative opinions and reflections about the entire activity. To ensure content validity and
comprehensibility, the draft form, which was developed based on a literature review, was then reviewed
by the same two field experts who validated the other instruments. Feedback from the experts regarding
the clarity and relevance of the questions was incorporated to finalize the form. Its purpose was not to
function as a pre/post-test to measure changes in attitude or deep cognitive learning outcomes. Instead,
this form was designed to capture participants' summative reflections on the entire experience, and its
questions were directly aligned with the study's primary aims . Specifically, the questions focused on
participants' prior STEM knowledge, their general opinions of the activity, the difficulties they
encountered during the process, the interdisciplinary connections they made (particularly relating
mathematics) and their willingness to apply such activities in their future careers. Therefore, this form
was not intended to be the sole source of “in-depth” data. It served as a crucial triangulation tool. The
qualitative data from this form provided a holistic, reflective context that, when combined with the
quantitative peer-assessment data (from the Rubric) and the technical self-reflection data (from the
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Product Form), enabled a rich, in-depth understanding of the candidates' experiences within this case
study.

Implementation Process

The activity was held for three class hours a week (3 x 50 min) for a total of six class hours in two
weeks. The researchers supervised the process. Figure 1 describes the research process:

* Lesson 1: Information of STEM education
* Lesson 2: Tinkercad training

» Lesson 3: STEM activity: Designing on Tinkercad, feedback

* Lesson 4: STEM activity: Making a product with concrete materials

* Lesson 5: STEM activity: Filling out Product Grading Forms + Presentations of the
products + Filling out Product Grading Rubrics

* Lesson 6: Filling out Product Grading Rubrics and Opinion Forms

Figure 1. The Implementation Process

In the first two hours of the process, the teacher candidates were given preparatory STEM and Tinkercad
training. The designing part of the activity started in the third class hour. For this, the teacher candidates
worked in four groups. Accordingly, the first (G1), second (G2) and fourth (G4) groups comprised five
participants and the third (G3) group comprised four teacher candidates. The activity implemented in
our study was developed by the researchers, who based it on a design-based teaching approach. In the
introduction to the activity, the teacher candidates were asked a question to test the extent of their
knowledge and whet their curiosity: “Have you ever played court tennis?” After the teacher candidates
responded to this question, a video was shown on the sport of court tennis and its scoring. Another
question was then posed: “How do we collect the balls that fall on the court in tennis?” Following the
teacher candidates’ responses, a video was shown on different techniques of collecting tennis balls from
the court with baskets and other means. Worksheets were distributed to the groups and the participants
started the problem-solving stage as shown in Figure 2.

Ms. Melissa has been playing court tennis as a professional with her friend for seven years. But she has
to bend down continuously to pick up the limited number of balls that fall while she’s playing. One day,
as she was bending down, she heard a crack and found it hard to get back up. When she went to the
hospital, the doctor told Ms. Melissa that she had a slipped disc and shouldn’t bend down anymore. How
can you help Ms. Melissa continue to play tennis under these circumstances?

\

Figure 2. The Problem to Solve on the Worksheet

Once the problem seen in Figure 2 was conveyed to the teacher candidates, they were asked to follow
the engineering design steps set down by Brunsell (2012) and Wendell et al. (2010) and later revised by
Ercan (2014). According to this model, the first step is to define the problem. Then, the groups
brainstorm to develop solutions to solve the problems and are asked to write down their ideas. Later, the
researchers reviewed the groups’ ideas together with the groups to arrive at the most appropriate
solution. Each group created a 3D model for the solution on the Tinkercad program (Figure 3). The
researchers reviewed the models and gave the groups feedback. This completed the lessons for the first
week. The teacher candidates were given one week before the next lesson to create a concrete model of
their idea with tangible materials.
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Figure 3. The Sample Models Created by the Teacher Candidates on Tinkercad

In the first lesson of Week 2, each group built their model with concrete materials. Waste materials were
utilized for this part of the activity (Figure 4). At the same time, the groups were asked to fill out the
Product Evaluation Form to evaluate their own product.

Figure 4. The Process of Creating a Product with Concrete Materials

In the last two hours of the activity, the groups introduced the products they had developed to their
classmates (Figure 5). All of the groups then evaluated and graded the products introduced to them.

|-G

',‘&3\

Figure 5. Process of Introduction of the Teacher Candidates’ Products

Data Analysis

Data analysis was conducted using a mixed-methods approach, which is well-suited for a case study
design as it facilitates a comprehensive triangulation of data (Yin, 2018). The analysis was
systematically structured to address the primary aims of the study. First, to address the aim of evaluating
the products presented by the teacher candidates, the quantitative data from the Product Evaluation
Rubrics were analyzed. This analysis was not merely “descriptive statistics”; it specifically involved
calculating the mean scores, standard deviations, minimums, maximums, and ranges for the peer
assessments of the group products. This provided a statistical overview of product performance against
the established criteria. Second, to address the aims of examining candidates' experiences, perceptions,
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and the activity's effects on their professional development, qualitative content analysis was applied to
the data from the Activity Opinion Form. This analysis was also used on the Product Evaluation Form
to provide a deeper understanding of the product evaluation results.

The qualitative content analysis followed the systematic stages outlined by Merriam (2009). This
process involved more than just open coding; it followed a clear interpretive structure. Initially, two
researchers independently read all participant responses to gain a holistic understanding. Following this,
they engaged in open coding to create an initial list of codes directly from the data. The analysis then
proceeded iteratively: related codes were grouped to form descriptive categories (e.g., technology use,
collaborative work). These categories were then interpreted, compared, and clustered to identify the
overarching themes presented in the findings (e.g., positive experiences, design-related difficulties). To
ensure the trustworthiness and inter-rater reliability of this qualitative process, procedures outlined by
Miles and Huberman (1994) were followed. As the goal in this qualitative study was to achieve a deep,
shared understanding rather than just a minimum statistical threshold, a numerical coefficient was not
the primary focus. Instead, a rigorous 100% consensus approach was adopted. The two researchers
independently coded the data, then met for multiple rounds of systematic comparison and dialectical
discussion. During this process, every discrepancy was debated and resolved. This consensus-based
method, which ensures all final codes, categories, and themes were fully agreed upon by both
researchers, was deemed more robust for this case study than a singular numerical coefficient, which
can sometimes mask underlying interpretive differences. Finally, key findings were reinforced with
direct quotations. Direct quotes in the qualitative data were presented by coding them as P1 for the
participants and G1 for the groups.

Findings
Findings on Participants’ Prior STEM Knowledge and Experiences

The findings obtained from the opinions of mathematics teacher candidates show that all 19 participants
had knowledge about STEM education before the STEM activity they attended, and the vast majority
of them acquired this knowledge during their undergraduate education (f=14). In addition, it was found
that the candidate coded P14 encountered STEM applications in high school. This participant stated that
‘There was a STEM class in the high school I graduated from’. Also, there were teacher candidates who
attended a conference about STEM (P1) and participated in a STEM-related project work (P3).

When the opinions of the teacher candidates about STEM were evaluated, it was found that the
participants mostly highlighted the interdisciplinary aspect of STEM (f=7). Accordingly, the view of the
participant coded P4 was as follows: ‘STEM is a study that is based on constructivism with an innovative
perspective in education and includes technology, science, engineering and mathematics’. This
statement shows that STEM is associated with the constructivist approach and it has interdisciplinary
dimension. Another view which emphasized that STEM allows adapting to the requirements of the age
and includes 21st century skills was as follows: ‘I think that STEM generally includes 21st century
skills, and it is related to engineering etc. fields of daily life, and is an education that will enable us, and
even go beyond, to keep up with the times while training the students of the future.” P2

The evaluation of the participants’ STEM experiences prior to their attendance in the current study
showed that despite having knowledge about STEM, the vast majority of the participants (f=15) did not
participate in a STEM activity before this activity. The opinions of two teacher candidates who
previously participated in a STEM activity are as follows: ‘I designed bridges and roofs using
engineering and mathematics.” P11 ‘When I was in high school, we designed a robot that included
robotic coding.” P14

Findings Related to the Products Designed by the Participants

The concrete products created by each group were evaluated and graded by the participants who were
not members of that group. The results of this assessment can be seen in Table 1.
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Table 1.
Results of the Peer Grading of the Group Designs

Grup min max range Mean SD

Gl 17 25 8 20.29 2.23
QG2 14 25 11 21.57 2.95
G3 18 25 7 22.00 2.50
G4 5 25 20 17.21 6.71

According to Table 1, the mean scores given to the designs of G1, G2 and G3 were close to each other,
varying between 20.00-22.00. We observed that the score for G4 was below this range. While G3
displayed the highest score, G4’s mean score was the lowest. In other words, the teacher candidates had
assessed G3 to be the group to create the product that more closely matched the criteria, declaring as
well that G4 had created the product that least matched the criteria.

The results of the separate assessment of each group’s scores derived from the items on the rubric in the
peer evaluation can be seen in Table 2.

Table 2.
Group Gradings of Rubric Items

Items Mean (SD)
Gl G2 G3 G4 Average
I1: The design is original. 4.29 4.57 4.60 3.64 4.29
(0.91) (0.65)  (0.51) (1.34) (0.99)
12: The design can be applied to real life. 3.79 4.50 4.40 3.29 4.00
(0.80) (0.76)  (0.74) (1.38) (1.04)
I3: The design is useful and cost-effective. 3.57 4.50 3.47 3.14 3.66
(0.94) (0.85) (1.19) (1.35) (1.05)
14: The design reflects the engineering design 4.29 3.50 4.73 3.50 4.00
process and incorporates technology. (0.82) (0.85) (0.59) (1.45) (1.07)
I5: The design presents a solution appropriate toa 4.36 4.50 4.80 3.64 4.33
real-life problem. (0.63) (0.65) (0.41) (1.50)  (0.91)

According to Table 2, while G3 displayed the highest grade in terms of originality of design, (M =
4.60,SD = 0.51), G4’s grading was the lowest in this category (M = 3.64,SD = 1.34). In terms of
applicability to real life, the highest grading for the design was given to G2 (M = 4.50,SD = 0.76);
the lowest grading in this category belonged to G4 (M = 3.29,SD = 1.38). The appropriateness of
the design’s practicability and cost effectiveness were also similar. In keeping with the nature of STEM
education, another important competency to be expected in designs is whether or not the product reflects
the engineering design process and incorporates technology. In this context, the highest grading was
given to G3’s design (M = 4.73,5SD = 0.59) while the lowest belonged to G2 (M = 3.50,5D =
0.85)and G4 (M = 3.50,SD = 1.45). In the last item on the rubric, which was related to presentation
of appropriate solutions of real-life problems, G3 was rated as exhibiting the most appropriate solution
(M = 4.80,SD = 0.41) while G4’s design was found to offer the poorest solution (M = 3.64,5SD =
1.50).

A review of the explanations provided by the groups on the Product Evaluation Form regarding the
teacher candidates’ process of design development is present in Table 3.
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Table 3.
Details of Designed Products

What Did You
Which Take as a What Were the
Groups  How Did You Determine Geometrical ~ Reference Point  Aspects of the
Your Path to the Solution? Figures Did for the Design that You
You Use? Dimensions of ~ Wanted to Develop?
the Product?
-Dimensions
-Vacuum mechanism -A different design
-Basket on top -Rectangular instead of the vacuum
Gl -Sensor to sense the balls prism -Dimensions of mechanism
-Motor to carry the balls to the -Cylinder the tennis court  -Sensor system
basket -Cone -Wheels compatible
with different
surfaces
-Rubber barrier to collect
balls and prevent their
escaping
-Four cylindrical sticks at -Dimensions of -Extendible body
G2 equidistance reaching upward -Cylinder a tennis ball suitable for athletes
so that the individual does not -Average of different heights
have to bend down person’s leg
-Hinged connection to let length

collected balls out when
capacity is reached

-Dimensions adjusted
to a person’s height
-A different concept

-Cylinder -Average to prevent balls from
G3 -Vacuum mechanism -Sphere person’s height  falling from the
collection basket
-Mechanism for
objects outside of
balls
-Vacuum mechanism -Cube -Dimensions of -Operable  without
G4 -Fans -Circle a tennis ball human assistance
-Basket on top to collect balls -Cylinder -Average
-Cone person’s height

In the review of Table 3, we saw that when the participants were asked how they arrived at a method of
solving the problem, the method the groups used to prevent players from bending down was mostly to
design a vacuum mechanism (G1, G3, G4). The following quotation underlines why this design was
chosen: ‘To not have Ms. Melissa exert herself to bend down all the time to catch the tennis balls, we
developed a robot that vacuumed the fallen balls from the ground with the help of fans suitable to her
height and collected them in the basket.” (G1) Another result that can be seen in Table 3 was that each
group’s design contained a common geometrical form—the cylinder. On the other hand, there were
groups that made use of other geometrical forms (G1, G3, G4). For example, G1 described the stages of
their design process and how they used different geometrical forms by saying ‘To create the main body,
we tapered the corners of a rectangular prism. We formed the opening of the machine with half of a
cylinder. We made an aperture using a small rectangular prism to shape an opening for the balls to go
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through. To collect the tennis balls in the upper area, we took a cone and cut off the base a little and then
used a small cone to empty it. We added four wheels to make the machine mobile.’

The responses given to the question “What Did You Take as a Reference Point for the Dimensions of
the Product?” indicated that the groups had taken the actual dimensions of a tennis court (G1), the
dimensions of a tennis ball (G2, G4) and the average height of a human being (G2, G3, G4) as their
reference points. Differing from the other groups, G1 expressed their reference point for the dimensions
of their design as the length of a tennis court: ‘We adapted the dimensions of the design according to
the standard dimensions of a tennis court. Since a court is 23.78 m (78 ft) long, and 10.97 m (36 ft) wide,
we calculated that our robot would be 0.6 m long and 0.4 m wide.” Stating that they had taken the actual
dimensions of a tennis ball and the average height of a human being as reference points, G2 stated that
their goal was not to have the tennis player bend over: ‘We decided on 26 cm for the first area and 52
cm for the third area. The specifications for the areas were determined on the basis of the length of the
diameter of a tennis ball. The total length of our product was 78 cm. This measurement is the ideal length
for an average person’s height. These dimensions were chosen so that the tennis player would not have
to bend over to pick up the balls.’

In the review of the aspects of the designs that the groups wished to develop, we saw that G1 felt they
could improve the dimensions of the product, use wheels that were compatible on every surface and also
make improvements in the sensor system. G1’s suggestion is as follows:

A change in dimensions can be optional. Another type of system can be used instead of a vacuum
system. The sensor system can be developed further if it proves to be inefficient. The wheels can be
developed to be more compatible with different surfaces.

G2 suggested that they could devise an extendible body for tennis players of different heights. G2’s
suggestion is as follows: ‘An extendible body can be designed to accommodate tennis players of
different heights.’ In addition, G3 mentioned revising the product so that its dimensions prevented the
collected balls from falling and the product would work with objects besides balls. G3’s suggestion is
as follows:

It can be adjusted to the person’s height. The balls will be collected in the upper basket and new
incoming balls will be carried there. We can develop another idea to see that the balls in the basket
do not fall back. Outside of this, a mechanism can be developed for other systems outside of the ball
system.

G4 suggested developing a device that would operate on its own algorithm without human assistance.
G4’s suggestion is as follows: ‘“We want the robot to collect the balls by means of its own algorithm
without human assistance. *

Findings from Participants' Views on the Activity

The findings concerning participants' experiences during the course of the activity are displayed in Table
4.

Table 4.
Participants' Experiences During the Activity Process

Categories Codes Participants
Fun P2, P7,P10, P11, P12
Supporting group work P3, P5, P6, P9, P10
Creating solutions to problems P1, P2, P4, P9, P14
Contributing to technology knowledge P3, P8, P10, P17
Developmental P1, P12, P15
Positive Enhancing creativity PS5, P6, P10
Acquiring knowledge about STEM education P13, P19
Allowing idea exchange P15
Improving hand-eye coordination P5
Enabling research P11
Changing perspectives P16
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Table 4 continuing

Allowing design creation P19
Satisfying P18

. Tiring P2, P11
Negative Having challenging sections P10

As seen in Table 4, the feedback from teacher candidates regarding their experiences during the activity
process were predominantly positive. Although participants like P2, who stated, ‘It was a fun and tiring
activity that allowed us to blend a problem we might encounter in daily life with our existing
mathematical knowledge and skills’ and P10, who said, ‘Although it had challenging sections, I enjoyed
doing it. It was an activity that developed creativity, technological relationships, and social cooperation
skills...” expressed negative thoughts, it can be inferred that they generally liked the activity. The
participants who emphasized positive aspects highlighted that the activity was fun, created solutions to
problems, supported group work, and contributed to technology knowledge. Examples of positive views
regarding the activity are as follows: ‘It was an activity that could create solutions to a problem in daily
life and was comprehensive and developmental as it required thinking about all situations.” P1 ‘In today's
conditions, STEM is an essential part of education. We gained insight into the STEM skills that new
generation teacher candidates and teachers need to acquire.” P13

Table 5 displays the findings concerning the contributions of the STEM activity to the participants’
development.

Table 5.
Contributions of the STEM Activity to Participants

Categories Codes Participants
Learning design program P1, P8, P9, P12, P19
Communication skills P5, P6, P7
Contributions to  Quick decision-making P2, P11
Personal Different perspectives P2, P9
Development Developing social skills P5
Enhancing creativity P10
Product creation P10
Collaborative work skills P35, P6, P7, P8, P9, P13, P15
Relating P2, P11, P15
Contributions to Producing solutions to problem situations P4, P11
Learning Three-dimensional design P16
Environment Concretizing mathematics P7
Making mathematics fun P7
Contribution to group work P9
Contributions to Example for teaching career P3, P6, P12, P13
Teaching Career
Creativity P5, P6, P7, P8
L Multidimensional thinking P4, P13
Contributions to itical thinkin P5
High-Level Critica ne
Cognitive Problerp-solvmg P13
Thinking Reasompg . o P13
Three-dimensional thinking P3
Practical thinking P4

As seen in Table 5, the activity contributed to the personal development of teacher candidates, especially
in learning a design program, communication skills, quick decision-making, and gaining different
perspectives. Additionally, encouraging collaborative work is a significant contribution to the teacher
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candidates in terms of the learning environment. Participating in STEM activities provided an example
for the teaching careers of teacher candidates. In terms of high-level cognitive thinking processes, the
activity was found to contribute to creativity and multidimensional thinking skills. Examples of the
participants’ views are as follows: ‘I learned a different application where we can design 3D products
with the activity.” P19 ‘Our cooperation and communication skills developed because we worked as a
group in the activity, our critical thinking skills developed because we evaluated at the end of the design,
and our creativity skills developed because we designed a product.” P5 ‘It was an unforgettable activity
process. It gave me an idea to do similar applications with students when I become a teacher in the
future.” P6

The disciplines other than mathematics that teacher candidates associated the activity in producing
solutions to the problem situation are presented in Table 6.

Table 6.

Disciplines Associated with the Activity in Producing Solutions to the Problem Situation
Related Disciplines Participants
Engineering P2, P4, PS, P6, P7, P8, P10, P11, P13, P14, P15, P17
Technology P3, PS5, P6, P8, P9, P10, P12, P13, P17, P18
Physics P1,P2,P4,P11,P14,P17,P19
Daily Life P3, P5, P11
Science P6, P13
Art P12, P15
Architecture P7
Sports P3

Can be Related to Every Discipline P16

According to Table 6, the disciplines that participants related to along with mathematics during the
activity process were predominantly engineering, technology, and physics. This finding aligns with the
participants' pre-activity explanations regarding STEM education, where they emphasized the
interdisciplinary aspect of STEM. Participants perceived STEM education as an interdisciplinary
approach and believed that mathematics is a fundamental component of this approach. It can be said
that the activity process reinforced or developed this perspective of the participants. They had concrete
experiences by relating mathematics to different disciplines during the activity, which may have
deepened their understanding of STEM education.

In the study, it was determined that all teacher candidates except for PS5 and P16 encountered several
difficulties during the activity process. Table 7 presents the findings regarding these difficulties.

Table 7.
Difficulties Experienced by Participants During the Activity Process
Categories Codes Participants
Transferring mental image to P3,P13,P17
design
Design-Related Difficulties Combining product parts P10, P14, P15
Finding ideas P7,P13
Mental visualization Pl
Technology-Related Technology use P4, P6, P7, P8, P10, P12, P19
Difficulties
Material supply P1, P2, P11
Material-Related Wrong material selection P18
Difficulties Material insufficiency P15
Material fragility P9
Time- Related Difficulties  Time-consuming P6, P11
Difficulties Related to Unequal contribution from group P14
Collaborative Work members
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Table 7 indicates that the difficulties related to design were at the forefront of the difficulties experienced
by teacher candidates. This finding was followed by difficulties related to technology use and materials,
which are significant components in product creation. Examples of participant views obtained in this
context are as follows: ‘“We had difficulty in the joining the parts when creating the model. The reason
was material insufficiency.” P15 ‘I had the most difficulty in using Tinkercad in the activity. It was a
program I didn't know before. Therefore, the design initially challenged me.” P4

When the intentions of the teacher candidates to use such kind of STEM activities in their own
classrooms in the future were asked, a large majority of them stated that they would like to use similar
activities in their professional lives. The findings regarding their reasons are presented in Table 8.

Table 8.
Findings Regarding the Reasons Participants Want to Use Similar Activities in Their Professional Lives

Categories Codes Participants
Collaborative learning P6, P7, P9
Active participation P10, P12
Learning-Teaching Suitability for constructivist approach P2
Approaches and Methods  Fun P5, P12, P16, P18
Attracting attention P3
Connecting P19
Self-regulation skills P6
Cognitive/Psychomotor ~ Psychomotor skills P7
Skills Cognitive skills P7
Research skills P9
Creativity Enhancing creativity P1, P6
Problem-solving P4
Imagination P16
Technology Keeping up with developing technology P3
Keeping up with the times P8
Socialization P7
Personal Development Broadening horizon P5, P15
Skill development P15
Understanding of Seeing that mathematics is not just about numbers P15

Mathematics Education

According to Table 8, teacher candidates preferred to use STEM activities similar to the one in this study
in their future professional lives was primarily due to the contributions of the activity to learning-
teaching approaches and methods. In addition, other related reasons included the contribution to
cognitive/psychomotor skills, creativity, personal development, and the inevitability of technology.
Also, one of the important findings was that the activity provided a different understanding for the
participants by showing that mathematics is not just about numbers.

Discussion, Conclusion, and Suggestions

The present study indicates that many teacher candidates participating in the activity had knowledge
about STEM from their undergraduate education but lacked practical experience. This result is supported
by the literature which indicates that the majority of participants heard about the concept of STEM
before the study they attended about STEM education (Cavus et al., 2021; Rifandi et al., 2020). On the
other hand, most teachers have no prior interdisciplinary STEM education experience (Tosmur-Bayazit,
2018) and teacher candidates need role models for successful STEM implementations (Ryu et al., 2019).
In addition, it was determined that teachers find the STEM education they receive at the undergraduate
level inadequate (Yildirim, 2018). Accordingly, these findings imply the significance of the effective
STEM education applications with teacher candidates during their undergraduate education as in the
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current study. Thus, teacher candidates’' STEM awareness can be raised (Giileryiiz, 2020; Kalemkus,
2020; Ozcakir Siimen & Calisici, 2022; Siew et al., 2015). Besides, the current study shows that teacher
candidates had positive perspectives towards STEM education and mentioned constructivism,
interdisciplinary learning, adaptation to the requirements of the age and 21st century skills in terms of
their preconceptions of STEM education. Yet, it is believed that transforming these positive views into
experience is more substantial for the individuals who will be teachers in the near future. Indeed, it is
pointed out that a teacher's perception and knowledge level regarding STEM is directly related to the
practices they implement in their own classrooms (Bell, 2016). On the contrary, when teachers lack
sufficient knowledge and understanding of STEM, it is pointed out that their students' learning potential
will also be limited. So, this paper focuses on a group of teacher candidates participating in a STEM
activity and evaluates their opinions, experiences, and reflections from several aspects.

In the current study, mathematics teacher candidates worked in small groups, designed materials to
collect tennis balls easily on the ground with the help of Tinkercad program, and then they created their
products with the help of tangible substances. When the products generated in the activity are evaluated,
it was found that the participants mostly highlighted "providing solutions suitable for real-life problem
situations". This result is also in line with one of the mostly asserted positive aspects of the activity
which was creating solutions to a problem. So, in this study, teacher candidates perceived the
fundamental aim of STEM education as to generate solutions to a problem situation. A similar opinion
was also found to be frequent among Indonesian (Rifandi et al., 2020) and Thai teacher candidates
(Pimthong & Williams, 2020). The problem situation in this study dealt with tennis, a kind of sports.
This situation was also reflected in the responses of the participants which indicated the connection of
the activity with sports and daily life. So, it can be stated that consistent results were obtained in this
context.

Other results of the product grading indicate that the teacher candidates found their designs to be
original, real life-applicable and included engineering design and technology use. All of these points are
concluded to be in line with the fundamental aims of STEM education. On the other hand, the
participants were determined to give the least importance to "cost and usability of the design." This point
suggests a need for improvement of the desings in several aspects. Also, this result is in line with what
was obtained from the product evaluation forms of the groups. In this regard, the aspects that teacher
candidates wanted to improve in their products were related to the design and the dimensions of the
product rather than the solutions they offered to the problem situation. Hence, design process emerges
as an issue which should be carefully considered by the researchers and the teacher candidates. On the
other hand, the participants mentioned the utilization of technology and design both in terms of the
contributions of the activity into their future professional lives and the challenges of the activity. Indeed,
the current study involves the design applications of Tinkercad which is widely used in STEM studies.
Also, it is encountered that middle school students (Dertli & Yildiz, 2025; Kiiciik et al., 2024; Sen et al.,
2020; Tiiysiz et al., 2024) and high school students use Tinkercad in such studies (Pabugcu Akis &
Demirer, 2023). Hence, incorporating the skills to use this technological application to the teacher
candidates is significant. The literature outcomes also report technology utilization among the positive
aspects of STEM activities conducted with teacher candidates (Eroglu & Bektas, 2016; Urek & Coramik,
2023). As well as the positive results, the study of Awad and Barak (2018) also shows challenges faced
by the teacher candidates in terms of the utilization of technology. In the current study, the participants
perceive technology and design applications both as a gain and difficulty. This case signifies that
learning to use and adapt technology in-class applications requires a systematic approach rather than to
limit this process into a period of a STEM activity. Technology and design are fundamental dimensions
of STEM activities and therefore they need to be carefully considered. So, it may be more appropriate
to cover technological applications, which allow students make designs, specifically in a separate course
over a longer period, such as one semester to eliminate such dilemma.

When the details of the teacher candidates’ designs are evaluated, it was found that cylindrical, conical,
circular, rectangular, spherical, and cubic geometric shapes were used in the designs. This situation
matches with the focus of the study as the activity was structered around mathematics and mathematics
teacher candidates. Indeed, Liu (2020) highlights the role of mathematics in STEM education which
provides service in learning and teaching. Also, mathematics was associated with various disciplines
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during the activity process such as engineering, technology, and physics. Considering the holistic
structure of STEM (Eroglu & Bektas, 2016), which enables students to relate and apply the fields of
science, technology, engineering, and mathematics (Thomas, 2014), it is an expected result that teacher
candidates relate mathematics, which is one of the STEM disciplines, with other fields.

Other results of the study indicate that teacher candidates’ opinions and experiences during the activity
process were generally positive. In this context, various advantages and contributions of the activity
were determined among participants’ responses. For example, the positive experiences of the
participants included being fun, enhancing creativity, and supporting group work. The literature also
reports that such kind of STEM activities are fun (Cavus et al., 2021; Ozkan & Topsakal, 2017; Sar1 &
Katranci, 2020; Tosmur-Bayazit, 2018; Urek & Coramik, 2023). This finding was consistent with
another outcome of the study which indicated that teacher candidates plan to use similar activities in
their future classes. Thus, the conducted activity presents a good example for the teacher candidates’
professional development. Another positive aspect of the activity, enhancing creativity was also
mentioned among the contributions of the activity to the participants in terms of their future professional
lives. This result is noteworthy and consistent with the literature (Ceylan et al., 2018; Cavus et al., 2021;
Cinar & Terzi, 2021; Giilhan & Sahin, 2018). The participants used their creativity to generate products
to find solutions to collect tennis balls on the ground in different ways in this study. Moreover, the
participants stated that the activity contributed to their communication skills as supported by other
research through STEM education (Choi & Hong, 2013; Sar1 & Katranci, 2020). On the other hand,
despite stating among the positive aspects, working in groups was also asserted as a challenge of the
activity in line with the literature (Sar1 & Katranci, 2020; Tosmur-Bayazit et al., 2018). In this regard,
group work was perceived both as an advantage and challenge of the activity by the participants. So,
future studies might deal with this issue in detail.

As well as various positive aspects of the activity, the participants asserted time-related difficulties in
the study which were parallel with the previous studies’ results (Cinar & Terzi, 2021; Eroglu & Bektas,
2016). Moreover, the current study showed material-related difficulties similar to the STEM studies
conducted with teacher candidates (Urek & Coramik, 2023), elementary school students (Sar1 &
Katranci, 2020), and high school students (Tosmur-Bayazit et al., 2018). These results support the
findings of the current study. Although STEM education can be conducted with economical materials
(Stohlman et al., 2012), Cinar and Terzi (2021) attribute the difficulties related to material shortage in
STEM applications to the effort to design a complex product. In addition to different grade level
students, in-service teachers were reported to face such challenges when designing STEM learning
environments (Cinar & Terzi, 2021; Eroglu & Bektas, 2016). Hence, teacher candidates’ experiences
might reduce having material-related difficulties in the future. On the other hand, the literature depicts
difficulties related to noise and chaos (Cinar & Terzi, 2021), subject mastery (Eroglu & Bektasg, 2016),
and mathematical calculations in STEM education (Urek & Coramik, 2023). These outcomes might be
related to the structure of the STEM activity, types of implementations, experiences of the researchers
and characteristics of the participants. Therefore, such issues may not have emerged in the current study.

Finally, although the participants faced difficulties during the activity, they stated that the activity had
positive implications for their future lives. Thier reasons included various positive effects on learning-
teaching approaches and methods, cognitive/psychomotor skills, personal development and
understanding of mathematics education. Also, the study indicated that the majority of teacher
candidates would like to use similar activities in their professional lives which is consistent with the
literature (Cavus et al., 2021; Rifandi et al., 2020; Y1ildirim, 2019). However, Brown et al.'s (2011) study
with science, mathematics, and technology teachers showed that although teachers were aware of the
importance of STEM, they gave limited place to its application in their lessons. Considering the
challenges encountered in the STEM activities and opinions of in-service teachers, it is necessary to
eliminate such problems in the field and trigger successful implementations. For these reasons, it is
believed that increasing the STEM awareness of teachers and teacher candidates, informing parents and
administrative units about this, providing the necessary materials, and designing curricula and classroom
sizes suitable for STEM approaches are critical for the effective implementation of STEM activities.
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Limitations and Further Research

This study is limited to the application of a single STEM activity on a group of mathematics teacher
candidates. This situation results from the restricted number of mathematics teacher candidates to whom
researchers can easily access. Also, the current study presents the details of qualitative data obtained
prior to and following the STEM activity implementation on these participants. On the other hand, the
study process might be enriched with the application of several STEM activities for the teacher
candidates over a longer period of time. Also, quantitative data can be collected and experimental studies
can be designed with the involvement of experimental and control groups. Thus, various comparisons
can be conducted regarding different variables.

In the light of the study results, the following recommendations can be listed:

e More studies with different designs might be conducted with mathematics teacher candidates to
present information-rich data to the field. Several research can also be conducted in the form of
experimental studies to make comparisons between the groups.

e Different variables such as motivation, attitudes and self-efficacy can be addressed in the future
quantitative studies which focus on practical STEM education.

e A course which directly addresses STEM education might be placed in mathematics teacher
education programs in Tiirkiye.

e Specific courses might be placed in all teacher education programs considering technological
applications which can also be utilized in STEM education.

o Although several teacher candidates perceive the conducted STEM activity as a gain in terms
of making group work, their abilities to work in groups should be enhanced. In this regard,
detailed studies might be conducted to determine the problems that hinder teacher candidates’
colloboration with each other.

e Teacher candidates should be provided with more opportunities to participate in practical STEM
activities to make them gain more knowledge, skills, and experiences in this context. Thus, time-
or material-related problems might be eliminated.

e The results of the current study regarding the contributions of the activity to the professional
lives of the participants can be examined with long-term follow-up studies.

Acknowledgment
Copyrights: The works published in the e-Kafkas Journal of Educational Research are licensed under
a Creative Commons Attribution-Non-commercial 4.0 International License.
Ethics Statement: In this study, we declare that the rules stated in the "1964 Declaration of Helsinki
and its later amendments” and “Higher Education Institutions Scientific Research and Publication Ethics
Directive" are complied with and that we do not take any of the actions based on "Actions Against
Scientific Research and Publication Ethics". At the same time, we declare that there is no conflict of
interest between the authors, which all authors contribute to the study, and that all the responsibility
belongs to the article authors in case of all ethical violations.
Author Contributions: First Author: Conceptualization, methodology, supervision, writing and
editing. Second Author: Application process, data collection, data analysis, and writing. Third Author:
Data analysis, supervision, writing, reviewing, and editing.
Funding: This research received no funding.
Institutional Review Board Statement: Ethical approval was taken from Science and Engineering
Ethics Commission of Balikesir University (E-19928322-302.08.01-374173).
Data Availability Statement: Data generated or analyzed during this study should be available from
the authors on request.
Conflict of Interest: There is no conflict of interest.
Generative Artificial Intelligence Statement: The manuscript was entirely developed without Al-
generated content.

676



e-Kafkas Journal of Educational Research

References
Akaygun, S., & Aslan-Tutak, F. (2016). STEM images revealing stem conceptions of pre-service
chemistry and mathematics teachers. International Journal of Education in Mathematics,
Science and Technology, 4(1), 56-71. https://doi.org/10.18404/ijemst.44833

Alan, B., Zengin, F. K., & Kececi, G. (2019). Using STEM applications for supporting integrated
teaching knowledge of pre-service science teachers. Journal of Baltic Science Education, 18(2),
158-170. https://doi.org/10.33225/ibse/19.18.158

Altunisik, S., Uzun, S., & Inel Ekici, D. (2023). The effect of problem-based STEM practices on pre-
service science teachers' conceptual understanding. Journal of Pedagogical Research, 7(5),
344-358. https://doi.org/10.33902/JPR.202323628

Autodesk. (2024). It is enough to dream the possibilities. www.tinkercad.com (Access date: 15.03.2025)

Awad, N., & Barak, M. (2018). Pre-service science teachers learn a science, technology, engineering
and mathematics (STEM)-oriented program: The case of sound, waves and communication
systems. Eurasia Journal of Mathematics, Science and Technology Education, 14(4), 1431-
1451. https://doi.org/10.29333/ejmste/83680

Aydin-Gunbatar, S., Tarkin-Celikkiran, A., Kutucu, E. S.,; & Ekiz-Kiran, B. (2018). The influence of a
design-based elective STEM course on pre-service chemistry teachers’ content knowledge,
STEM conceptions, and engineering views. Chemistry Education Research and Practice, 19(3),
954-972. https://doi.org/10.1039/C8RPO0128F

Barbosa, A., Vale, 1., & Alvarenga, D. (2024). The use of Tinkercad and 3D printing in interdisciplinary
STEAM education: A focus on engineering design. STEM Education, 4(3), 222-246.

Beheshti, M., Shah, S. A., Zhang, H., Barnett, M., & Hira, A. (2024). Affordances of technology for
sustainability-oriented K—12 informal engineering education. Sustainability, 16(16), 6719.

Bell, D. (2016). The reality of STEM education, design and technology teachers’ perceptions: A
phenomenographic study. International Journal of Technology and Design Education, 26(1),
61-79. https://doi.org/10.1007/s10798-015-9300-9

Bender, W. N. (2016). 20 strategies for STEM instruction. Hawker Brownlow Education.

Benken, B. M., & Stevenson, H. J. (2014). STEM education: Educating teachers for a new world. Issues
in Teacher Education, 23(1), 3-9.

Bergsten, C., & Frejd, P. (2019). Preparing pre-service mathematics teachers for STEM education: an
analysis  of  lesson  proposals. ZDM-Mathematics  Education, 51(6), 941-953.
https://doi.org/10.1007/s11858-019-01071-7

Bozkurt Altan, E. (2017). Fen, teknoloji, mithendislik ve matematik (FeTeMM-STEM) egitimi. In H.
G. Hastiirk (Ed.), Teoriden pratige fen bilimleri ogretimi (pp. 354-388). Ankara: Pegem
Academy. https://doi.org/10.14527/9786053189879.11

Brown, R., Brown, J., Reardon, K., & Merrill, C. (2011). Understanding STEM: Current perceptions.
Technology and Engineering Teacher, 70(6), 5-9.

Brunsell, E. (2012). The engineering design process. In E. Brunsell (Ed.), Integrating engineering and
science in your classroom (pp. 3—6). Arlington: NSTA Press.

Ceylan, O., Ermis, G., & Yildiz, G. (2018, November). Ozel yetenekli 6grencilerin bilim, teknoloji,
miihendislik, matematik (STEM) egitimine yonelik tutumlari [Attitudes of gifted students
towards science, technology, engineering, mathematics (STEM) education]. In E. A. Akkaya
(Ed.), Proceedings of International Congress on Gifted and Talented Education (pp. 64-75),
Malatya: Inonii University.

Choi, Y., & Hong, S. H. (2013). The development and application effects of steam program about 'world
of small organisms' unit in elementary science. Elementary Science Education, 32(3), 361-377.

677


https://doi.org/10.18404/ijemst.44833
https://doi.org/10.33225/jbse/19.18.158
https://doi.org/10.33902/JPR.202323628
http://www.tinkercad.com/
https://doi.org/10.29333/ejmste/83680
https://doi.org/10.1039/C8RP00128F
https://doi.org/10.1007/s10798-015-9300-9
https://doi.org/10.1007/s11858-019-01071-7
https://doi.org/10.14527/9786053189879.11

Urek, Bodur & Kobak Demir

Council of Higher Education [CoHE]. (2018). Matematik 6gretmenligi lisans programi [Mathematics
teacher education program]. Ankara. https://www.yok.gov.tr/Documents/
Kurumsal/egitim_ogretim_dairesi/Yeni-Ogretmen-Y etistirme-Lisans-
Programlari/Matematik Lisans Programi.pdf

Corlu, M. S., Capraro, R. M., & Capraro, M. M. (2014). Introducing STEM education: Implications for
educating our teachers for the age of innovation. Education & Science, 39(171), 74-85.

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among five
approaches (4th ed.). Sage.

Cavus, H., Ozgiiner, 0., & Giiler, C. (2021). Computer education and instructional technology teacher
candidates’ ideas and attitudes towards STEM education. Electronic Journal of Education
Sciences, 10(20), 237-256.

Cinar, S., & Terzi, S. Y. (2021). Views of teachers taken STEM in-service training on STEM education.
YYU Journal of Education Faculty, 18(2), 213-245. https://doi.org/10.33711/yyuefd.1028596

Dertli, Z. G., & Yildiz, B. (2025). An engineering design-based mathematics activity example based on
STEM approach in middle school: Cold storage design. Science Activities, 62(1), 1-16.
https://doi.org/10.1080/00368121.2024.2378842

Douglass, H., & Verma, G. (2022). Examining STEM teaching at the intersection of informal and formal
spaces: Exploring science pre-service elementary teacher preparation. Journal of Science
Teacher Education, 33(3), 247-261. https://doi.org/10.1080/1046560X.2021.1911456

Ercan, S. (2014). Fen egitiminde miihendislik uygulamalarimin kullanimi: Tasarim temelli fen egitimi
[The usage of engineering practices in science education: Design based science learning]
(Publication No. 372246) [Doctoral Dissertation, Marmara University]. CoHE Thesis Center.

Eroglu, S., & Bektas, O. (2016). Ideas of science teachers took STEM education about STEM based
activities.  Journal  of  Qualitative  Research  in  Education, 4(3), 43-67.
https://doi.org/10.14689/issn.2148-2624.1.4c3s3m

Geiger, V., Mulligan, J., Date-Huxtable, L., Ahlip, R., Jones, D.H., May, E. J., Rylands, L. & Wright, L.
(2018). An interdisciplinary approach to designing online learning: fostering pre-service
mathematics teachers’ capabilities in mathematical modelling. ZDM - Mathematics Education,
50(1), 217-232. https://doi.org/10.1007/s11858-018-0920-x

Guzey, S. S., Harwell, M., Moreno, M., Peralta, Y., & Moore, T. J. (2017). The impact of design-based
stem integration curricula on student achievement in engineering, science, and mathematics.
Journal of Science Education & Technology, 26(2), 207-222. https://doi.org/10.1007/s10956-
016-9673-x

Giileryiiz, H. (2020). 3D yazict ve robotik kodlama uygulamalarimin égretmen adaylarimin 21. yiizyil
ogrenen becerileri, STEM farkindalik ve STEM ogretmen 0z yeterligine etkisi [ The effects of 3D
printer and robotic coding applications on 21st century learning skills, STEM awareness and
STEM teacher self-efficiency of preservice teachers] (Publication No. 655527) [Doctoral
Dissertation, Atatiirk University]. CoHE Thesis Center.

Giilhan, F., & Sahin, F. (2018). The effects of STEAM (STEM+ Art) activities 7th grade students’
academic achievement, STEAM attitude and scientific creativities. Journal of Human Sciences,
15(3), 1675-1699. https://doi.org/10.14687/jhs.v1513.5430

Hacioglu, Y. (2021). The effect of STEM education on 21st century skills: Preservice science teachers’
evaluations. Journal of STEAM Education, 4(2), 140-167.

Jeong, J. S., Gonzalez-Gomez, D., & Yllana Prieto, F. (2020). Sustainable and flipped STEM education:
Formative assessment online interface for observing pre-service teachers’ performance and
motivation. Education Sciences, 10(10), 283. https://doi.org/10.3390/educscil0100283

Kalemkus, J. (2020). STEM tendency in experimental researches. Dicle Universitesi Ziya Gokalp
Egitim Fakiiltesi Dergisi, 36, 78-90.
678


https://doi.org/10.33711/yyuefd.1028596
https://doi.org/10.1080/00368121.2024.2378842
https://doi.org/10.1080/1046560X.2021.1911456
https://doi.org/10.14689/issn.2148-2624.1.4c3s3m
https://doi.org/10.1007/s11858-018-0920-x
https://doi.org/10.1007/s10956-016-9673-x
https://doi.org/10.1007/s10956-016-9673-x
https://doi.org/10.14687/jhs.v15i3.5430
https://doi.org/10.3390/educsci10100283

e-Kafkas Journal of Educational Research

Karaismailoglu, F., & Yildirim, M. (2023). The effect of 3D modeling performed using Tinkercad or
concrete materials in the context of the flipped classroom on pre-service teachers’ spatial
abilities. Research in Science & Technological Education, 42(4), 1264-1283.
https://doi.org/10.1080/02635143.2023.2223134

Kiiciik, M., Talan, T., & Demirbilek, M. (2024). The effect of creating 3D objects with block codes on
spatial and computational thinking skills. Informatics in Education, 23(1), 125-143.

Liu, F. (2020). Addressing STEM in the context of teacher education. Journal of Research in Innovative
Teaching & Learning, 13(1), 129-134. https://doi.org/10.1108/JRIT-02-2020-0007

Maass, K., Geiger, V., Ariza, M. R., & Goos, M. (2019). The role of mathematics in interdisciplinary
STEM education. ZDM - Mathematics Education, 51, 869-884. https://doi.org/10.1007/s11858-
019-01100-5

Merriam, S. B. (2009). Qualitative research: A guide to design and implementation (3th ed.). John Wiley
& Sons.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. Sage.

Ozkizilcik, M., & Cebesoy, U. B. (2024). The influence of an engineering design-based STEM course
on pre-service science teachers’ understanding of STEM disciplines and engineering design
process. International Journal of Technology and Design Education, 34(2), 727-758.
https://doi.org/10.1007/s10798-023-09837-7

Ozcakir Siimen, O., & Calisict, H. (2022) The effects of STEM activities applied in mathematics courses
for elementary pre-service teachers in Turkey. International Journal of Mathematical Education
in Science and Technology, 53(12), 3352-3376.
https://doi.org/10.1080/0020739X.2021.1944679

Ozkan, G., & Topsakal, U. U. (2017). Examining students' opinions about STEAM activities. Journal
of Education and Training Studies, 5(9), 115-123. https://doi.org/10.11114/jets.v519.2584

Pabuccu Akis, A., & Demirer, I. (2023). Integrated STEM activity with 3D printing and
entrepreneurship applications. Science Activities, 60(1), 1-11.

Partnership for 21st Century Skills. (2010). 21st century knowledge and skills in educator preparation.
https://files.eric.ed.gov/fulltext/ED519336.pdf (Access date: 12.05.2025)

Patton, M. Q. (2014). Qualitative research & evaluation methods: Integrating theory and practice.
Sage.

Pimthong, P., & Williams, J. (2020). Preservice teachers’ understanding of STEM education. Kasetsart
Journal of Social Sciences, 41(2), 289-295.

Poonpaiboonpipat, W. (2021, March). Pre-service mathematics teachers’ perspectives on STEM-based
learning activities. In Journal of Physics: Conference Series, 1835(1), 012081. IOP Publishing.

Rifandi, R., Rahmi, Y. L., & Indrawati, E. S. (2020). Pre-service teachers’ perception on science,
technology, engineering, and mathematics (STEM) education. Journal of Physics: Conference
Series, 1554(1), 012062.

Ryu, M., Mentzer, N., & Knobloch, N. (2019). Preservice teachers’ experiences of STEM integration:
Challenges and implications for integrated STEM teacher preparation. International Journal of
Technology and Design Education, 29(3), 493-512.

Sari, D., & Katranci, M. (2020). Primary school fourth grade students' views about STEM activities.
Turkish Journal of Primary Education, 5(2), 119-132.

Siew, N. M., Amir, N., & Chong, C. L. (2015). The perceptions of pre-service and in-service teachers
regarding a project-based STEM approach to teaching science. SpringerPlus, 4, 1-20.
https://doi.org/10.1186/2193-1801-4-8

679


https://doi.org/10.1080/02635143.2023.2223134
https://doi.org/10.1108/JRIT-02-2020-0007
https://doi.org/10.1007/s11858-019-01100-5
https://doi.org/10.1007/s11858-019-01100-5
https://doi.org/10.1007/s10798-023-09837-7
https://doi.org/10.1080/0020739X.2021.1944679
https://doi.org/10.11114/jets.v5i9.2584
https://files.eric.ed.gov/fulltext/ED519336.pdf
https://doi.org/10.1186/2193-1801-4-8

Urek, Bodur & Kobak Demir

Smith, K., Maynard, N., Berry, A., Stephenson, T., Spiteri, T., Corrigan, D., Mansfield, J., Ellerton, P.,
& Smith, T. (2022). Principles of problem-based learning (PBL) in STEM education: Using
expert wisdom and research to frame educational practice. Education Sciences, 12, 728.
https://doi.org/10.3390/educscil 2100728

Stake, R. E. (1995). The art of case study research. Sage.

Stohlmann, M., Moore, T. J., & Roehrig, G. H. (2012). Considerations for teaching integrated STEM
education. Journal of Pre-College FEngineering Education Research, 2(1), 28-34.
https://doi.org/10.5703/1288284314653

Sun, Y. (2023). Action-based embodied design: Spatial-mathematical learning experiences with
Tinkercad 3D modeling for eclementary students. Digital Experiences in Mathematics
Education, 9(3), 492-507.

Sungur Giil, K., & Saylan Kirmizigiil, A. (2023). Algodoo based STEM education: A case study of pre-
service science teachers. Education and Information Technologies, 28(4), 4203-4220.
https://doi.org/10.1007/s10639-022-11348-2

Sungur-Gul, K. & Tasar, M. F. (2023). The design, implementation, and evaluation of a STEM
education course for pre-service science teachers. Journal of Education in Science, Environment
and Health (JESEH), 9(2), 85-100. https://doi.org/10.55549/jeseh.1272793

Sen, C., Ay, Z. S., & Kiray, S. A. (2020). A design-oriented STEM activity for students’ using and
improving their engineering skills: the balance model with 3D printer. Science Activities, 57(2),
88-101. https://doi.org/10.1080/00368121.2020.1805581

Thomas, T. A. (2014). Elementary teachers’ receptivity to integrated science, technology, engineering,
and mathematics (STEM) education in the elementary grades. (Unpublished Doctoral
Dissertation). University of Nevada, Reno.

Tosmur-Bayazit, N., Akaygiin, S., Demir, K., & Aslan-Tutak, F. (2018). An example of STEM teacher
professional development: Exploration of edible cars activity from teacher education
perspective. FEAD, 6(2), 213-232.

Tiysiiz, C., Bodur, N. C., & Ugulu, 1. (2024). Tinkercad circuits platform-based learning experiences
of gifted students in the emergency distance education process. Journal of Advanced
Academics, 35(2), 329-356.

Urek, H., Bostan Sarioglan, A., & Akbay, B. (2025). A STEM-driven 3D modeling experiment with
tinkercad and tangible materials: A comparison of TPACK and engineering design in terms of
self-efficacy. Journal of Science Education and Technology. https://doi.org/10.1007/s10956-
025-10276-3

Urek, H., & Coramik, M. (2023). Integration of mobile phone sensors into STEM approach: Swing
activity with Phyphox application. FEAD, 11(2), 508-533.
https://doi.org/10.56423/tbod.1292666

Wendell, K. B., Connolly, K. G., Wright, C. G., Jarvin, L., Rogers, C., Barnett, M., & Maruclu, I. (2010,
January). Incorporating engineering design into elementary school science curricula. American
Society for Engineering Education Annual Conference & Exposition, Louisville, KY.

Wilson, C., Campbell-Gulley, B., Anthony, H.G., Pérez, M., & England, M. P. (2022). Integrated STEM
education: A content analysis of three STEM education research journals. International Journal
of Technology in Education and Science, 6(3), 388-409. https://doi.org/10.46328/ijtes.371

Yildirim, B. (2018). Research on teacher opinions on STEM practices. Journal of Education, Theory
and Practical Research, 4(1), 42-53.

Yildirim, B. (2019). The opinions of pre-service science teachers about biomimicry practices in STEM
education. GUJGEF, 39(1), 63-90.

680


https://doi.org/10.3390/educsci12100728
https://doi.org/10.5703/1288284314653
https://doi.org/10.1007/s10639-022-11348-2
https://doi.org/10.55549/jeseh.1272793
https://doi.org/10.1080/00368121.2020.1805581
https://doi.org/10.1007/s10956-025-10276-3
https://doi.org/10.1007/s10956-025-10276-3
https://doi.org/10.56423/fbod.1292666
https://doi.org/10.46328/ijtes.371

e-Kafkas Journal of Educational Research

Yildirim, B., & Sidekli, S. (2018). STEM applications in mathematics education: The effect of STEM
applications on different dependent variables. Journal of Baltic Science Education, 17(2), 200-
214. https://doi.org/10.33225/ibse/18.17.200

Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). Sage.

Zhang, Y., & Zhu, J. (2023). STEM pre-service teacher education: A review of research trends in the
past ten years. Eurasia Journal of Mathematics, Science and Technology Education, 19(7),
em?2292. https://doi.org/10.29333/ejmste/13300

681


http://dx.doi.org/10.33225/jbse/18.17.200
https://doi.org/10.29333/ejmste/13300

	To cite this article:
	Abstract
	Current Study
	Method

	Research Design
	Study Group
	Data Collection Tools
	Implementation Process
	Data Analysis
	Findings

	Findings on Participants’ Prior STEM Knowledge and Experiences
	Findings Related to the Products Designed by the Participants
	Findings from Participants' Views on the Activity
	Discussion, Conclusion, and Suggestions
	Acknowledgment
	References


