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materials provided. It was observed that in the material creation process,
students collaborated in groups to produce a product; during the
scientific research process, students answered open-ended questions by
discussing among themselves and produced solutions to given real-life
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different subjects, students gained new knowledge from this group work
and left happily. Considering the advantages, it can be said that it is
important to increase the number of students trained at the STEM
artificial intelligence center and the frequency of these trainings. © 2025 IJESIM. All rights reserved

1. Introduction

In the rapidly advancing information age characterized by technological developments, students are
faced with new and complex problems. The skills required to solve these problems, which arise in daily
life, extend beyond mere knowledge accumulation to include dynamic abilities (Scott, 2020). To address
these problems, students need to develop 21st-century skills such as critical thinking, problem-solving,
communication, and collaboration (English, 2021; OECD, 2021). Education systems must adopt
innovative approaches to impart these skills and prepare students for the dynamic nature of the
information age (Bybee, 2010; Wagner, 2008; Windschitl, 2009). This can be achieved through certain
classroom practices. Indeed, this education can be provided through a system comprising science,
technology, engineering, and mathematics, known as the STEM approach (Bybee, 2010). Countries such
as the USA, China, Germany, Japan, and the United Kingdom, which lead changes in engineering and
technology, argue that the interaction between different disciplines such as science, technology,
engineering, and mathematics is as important as scientific literacy (Carnevale et al., 2011; Heinze and
Kuhlmann, 2008; Huang, 2017; Li and Schoenfeld, 2019; Macdonald and Williams, 2009; Marginson and
Wende, 2007; Oba and Shibayama, 2009; Olson and Riordan, 2012; Smith and Gorard, 2011; Wissema,
2009). This model, formed by integrating these four disciplines, holds a significant place in today's
educational systems (Gonzalez and Kuenzi, 2012).
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STEM provides an integrated perspective by combining different disciplines, allowing students to
approach complex problems from a broader context (Baran et al., 2016). STEM education, aimed at
training individuals capable of solving the complex problems of the information age, focuses on
enabling students to relate the theoretical knowledge acquired in school to real-life applications and to
produce rational solutions to everyday problems through this knowledge (Sahin et al., 2014). According
to Gardner (2004, 2013), future generations need to translate theoretical knowledge from sciences such
as mathematics and science into technology and engineering. Currently implemented educational
models often teach science, technology, engineering, and mathematics as separate disciplines. However,
the complex problems of the modern world require these disciplines to be addressed interactively
(Honey et al., 2014). In this interdisciplinary teaching approach, concepts and skills are emphasized
while combining common learnings and content from the disciplines (Drake and Burns, 2004). In this
interdisciplinary approach, connected, sequential, intertwined, shared, and integrated models come to
the forefront (Wang, 2012). These concepts are also frequently used in definitions of the STEM education
model (Gencer et al., 2019).

A review of the literature shows that STEM is represented in various ways. These models range from a
single discipline STEM to integrated STEM. For instance, Bybee (2013) defined nine models of STEM
education for policymakers, educators, and researchers: Single Discipline Example, STEM as a
Reference for Science and Mathematics, Separate Disciplines, Science and Mathematics Connected with
Technology or Engineering Programs, Interdisciplinary Coordination, Integration of Two or Three
Disciplines, Integrated Disciplines, STEM as a Transdisciplinary Course or Program, noting that these
models can be used together and none is superior to the others. Breiner et al. (2012) described STEM as
a curriculum that integrates the concepts of science, technology, engineering, and mathematics in a way
that reflects the practices of professionals working in the STEM field, while Bryan et al. (2015) described
it as an integrated curriculum where students participate in an engineering design competition. Studies
conducted in various disciplines have shown that students in an integrated model perform better than
those in the current instructional model, which includes separate disciplines (Czerniak et al., 1999;
Hinde, 2005). Additionally, the use of an integrated model has been found to improve non-cognitive
learning outcomes such as interest in STEM (Mustafa et al., 2016; Riskowski et al., 2009) and motivation
towards STEM learning (Wang et al., 2011; Thibaut et al., 2018).

Science

Math Technology

Engineering

Figure 1. Integrated STEM Education

In this study, Bybee’s (2013) Integrated Disciplines model (Figure 1) was used. This model is an effective
educational framework that facilitates the development of students' knowledge and skills in the fields
of science, technology, engineering, and mathematics (STEM) (Beers, 2011). This educational model
encourages students to understand the connections between these disciplines and to integrate this
knowledge to enhance their problem-solving abilities (Hmelo-Silver, 2004; MEB, 2016). Mathematics
education holds critical importance in the face of the opportunities and challenges presented by the
information age. Despite the prevalent bias and perception of difficulty towards mathematics in our
country (Cetin, 2020), the accepted mathematics curricula aim to change this perception.

This study evaluates the education received by students involved in STEM education and the products
they created during the educational process. In integrated STEM education, it is expected that students
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design products and, in this process, develop their creativity, inquiry, critical thinking skills, and
technological literacy, either consciously or unconsciously (Fan and Ritz, 2014; Fortus et al., 2005;
Morrison, 2006). The products resulting from STEM activities are important for evaluating students'
problem-solving and decision-making processes, and they also allow for commentary on the quality of
the implemented STEM activity (Dogan, 2020; Okulu, 2019).

This study distinguishes itself from other studies in literature by observing the work of student groups
at the STEM Artificial Intelligence Center, an institution focused solely on achieving educational
program outcomes through integrated STEM education, and by comprehensively evaluating their
products. The aim of this study is to evaluate the products that emerged as a result of the activities
carried out by 5th grade students who received education at the STEM Artificial Intelligence Center
from a multidimensional perspective, to analyze the skills, cooperation and problem solving approaches
that students developed in this process, and to discuss the necessity of expanding such education in the
light of scientific data by revealing the effect of STEM-based artificial intelligence education on students'
scientific process skills, creativity and critical thinking competencies.

2. Conceptual Framework
2.1. Design Process and Student Participation

In STEM education, the design process is a critical stage that enables students to develop skills such as
creative thinking, problem solving and teamwork (Banilower et al., 2013). In this process, students
should use all materials while creating their designs and should be able to request new materials when
necessary (Dasgupta, 2019). Once they have created their designs, they engage in group discussions to
share and develop their thoughts (De Vries, 2018). Drawing sketches and making prototypes allows
students to concretize their ideas and develop critical thinking skills in the process (Bybee, 2014). At the
end of this process, students are expected to produce functional and original products (National
Research, 2009). Collaborative group work both enables students to learn from each other and makes
them active participants (Kennedy and Odell, 2014). Research shows that group work improves
students' social skills and increases their motivation to learn (Cunningham and Lachapelle, 2014).

2.2. Scientific Research Process and Inquiry

The scientific inquiry process aims to develop students' skills such as inquiry, hypothesis development,
data collection, and generating solutions in STEM education (Cohen and Waite-Stupiansky, 2019). In
this process, by answering open-ended questions, students not only focus on reaching the correct
answer, but also think about developing solutions and problem-solving strategies (Cunningham, 2009).
The projects enable students to actively use their scientific thinking skills (Maclsaac, 2019). Moreover,
this process should be supported by visual materials used during students' learning; these visuals help
students to better comprehend the topic and concretize the design they think about (Li et al., 2019).
Students have the opportunity to reflect on their projects through discussions throughout the learning
process, which reinforces their inquiry skills (Sweller et al., 2019).

2.3. Integrating Learning from Different Subjects

STEM education helps students develop the ability to combine what they learn from different fields (T.
R. Kelley and Knowles, 2016). Group work is of great importance at this point (Johansson-Skoldberg et
al., 2013). While working on projects, students share each other's knowledge and integrate what they
have learned in different fields (Strimel et al., 2019). This process helps them develop their
interdisciplinary thinking skills (Dym and Brown, 2012). Moreover, group interactions strengthen
students' social skills and communication abilities (Ahmed et al., 2003). Students who act together learn
new information more effectively and reinforce this knowledge by sharing their products with other
group members (Razzouk and Shute, 2012). At the same time, the corrections made on their products
enable students to develop their critical thinking skills (Wrigley and Straker, 2017).
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Examining STEM practices, it is evident that the engineering design process is frequently utilized (Eren
and Dokme, 2022). The engineering design process has become the most commonly used approach in
STEM because it is deemed suitable for identifying and solving real-world problems through STEM
applications (Carberry and McKenna, 2014; Eren and Dokme, 2022). The use of the engineering design
process in STEM education is a highly effective method for imparting complex problem-solving skills
and promoting interdisciplinary learning (Brewer and Clark, 2012; Farrell et al., 2012). This process
systematically teaches students the stages of identifying a problem, conducting research, developing
solutions, creating prototypes, testing, and refining (Dym et al., 2005). The engineering design process
implemented during the activities of this study is illustrated in Figure 2.

Imagine

Improve

Figure 2. Engineering Design Process (Engineering is Elementary [EiE], 2018).

As seen in Figure 2, the engineering design process includes the stages of asking, imagining, planning,
designing, and improving (Engineering is Elementary [EiE], 2018). A well-prepared real-life problem
should be the starting point for these steps (Elmas, 2020). Students can return to previous steps and
restart the process when they think they have made mistakes. This design process allows students to
produce solutions to real-world problems (Elmas, 2020) and learn from mistakes through an iterative
approach (Bodner and Elmas, 2020). Additionally, students develop STEM skills such as teamwork,
peer learning, and critical thinking while generating various solutions and improving their designs
(Bodner and Elmas, 2020). This way, students learn to approach problems with a holistic perspective by
integrating scientific knowledge, technological skills, engineering practices, and mathematical analyses
(Wang et al., 2011).

3. Method
3.1. Research Model

In this study, the education and the products created by students at the STEM Artificial Intelligence
Center in our country were evaluated. Therefore, a qualitative research design was adopted, specifically
the case study method. This approach aims to comprehensively understand the effects of variables on
the case and how they are affected by the case. This study aimed to conduct a detailed examination by
gathering student opinions about the education provided and evaluating the products they created
during the instructional process.

3.2. Participants

The participants of the application were students who voluntarily applied to the STEM Artificial
Intelligence Center and were admitted through a pre-prepared STEM entrance exam during the 2023-
2024 academic year. The STEM entrance exam is prepared by teachers who are experts in the STEM
field. This entrance exam is conducted before the start of the academic year, and all students who apply
for the exam can take it. The STEM entrance exam measures students' creativity, visual memory, logical
reasoning, analytical thinking, and problem-solving skills. The participants were selected using
purposeful sampling. This study evaluated the education received by 5th-grade students and the
products they created during the instructional process. Studies involving 5th-grade students are
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essential for evaluating the impact of learning and teaching methods, as this grade level is a critical
period for cognitive and academic development (Piaget, 1977; Eccles, 1999; Wigfield and Eccles, 2000).
Sixty 5th-grade students were divided into four groups of 15 students each, forming four groups of four
students. The participants included 16 5th-grade students, nine girls and seven boys, who scored the
highest on the entrance exam.

3.3. Data Collection Process and Tools

Data were collected through observation and document analysis. The Product Evaluation Form was
used for observation, and the data obtained from the Student Opinion Forms were analyzed through
document analysis. STEM activities developed by the researcher were applied to the students, and the
products created by the students were evaluated using the Product Evaluation Form.

3.4. Product Evaluation Form

The form used to evaluate students' products includes three sections: Design Creation Process, Scientific
Research Process, and Integrating Learning from Different Subjects (Izmir Provincial Directorate of
National Education, 2018) (Look at Table 2). In the Design Creation Process, students' designs are
evaluated based on originality and appropriateness to the purpose. In this process, students' learning
through inquiry was facilitated. They discussed their projects with each other, answered open-ended
questions, and produced solutions in line with GYP. The visuals used during the lesson were sufficient
for the designed product. In the Integrating Learning from Different Subjects process, students'
competencies before the activity are evaluated. In the Integrating Learning from Different Subjects
process, the focus is on what students learned during the activity after the activity. This form was
developed by the researcher, and expert opinions were obtained from a mathematics educator
specializing in mathematics education and a mathematics teacher at the STEM Artificial Intelligence
Center to ensure the validity and reliability of the form. Based on the expert opinions, necessary
adjustments were made to the items in the form. After the corrections, the 19-item product evaluation
form consisting of three processes was applied to 16 5th-grade middle school students. If the expected
situation was not met by the students, it was scored as 0; if partially met, it was scored as 1; and if fully
met, it was scored as 2, and the total scores were calculated.

3.5. Student Opinion Form

The implemented STEM activities were evaluated using the Student Feedback Form developed by
researchers. The prepared form was refined based on expert opinions. The form includes questions such
as "STEM education is similar to... because... Please complete the blanks,” "If you compare the activities you did
with other class activities, what benefits might they have provided you?"”, and "If you were to describe the key
features of STEM education in three words, which words would you choose? Why?” Students were given one
class period to answer these questions, and they were encouraged to answer the questions voluntarily
and independently of each other.

3.6. STEM Activities

STEM, which integrates disciplines of science, technology, engineering, and mathematics, aims to solve
real-life problems and motivate students with engaging experiences. This educational approach focuses
not only on product outcomes but also on process and skill development. This approach facilitates the
understanding of real-life problems and enhances students' problem-solving abilities (Akarsu et al.,
2020). The activities in this research were developed considering 5th grade achievements, achievements
related to other STEM disciplines, interdisciplinary relationships, everyday life problems,
waste/economic materials, and student level. The activities were developed based on the Engineering
Design Process (Engineering is Elementary [EiE], 2018). In the initial stage, questions that students could
ask in these activities were considered, ensuring that these questions are achievement-oriented.
Subsequently, a narrative was constructed where students could imagine and design their designs.
Finally, environments were created to encourage students to develop their designs, and activities were
developed accordingly. The views of two faculty members specializing in mathematics education were
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consulted regarding the developed activities. The experts are also individuals who work in STEM
education, problem-solving, and construction areas. Experts evaluated the activities based on their
suitability for mathematical content, their mathematical nature, being a STEM problem involving
different disciplines, solvability, context, language, complexity, and suitability for student level.
Necessary adjustments were made based on these evaluations, and the activities were finalized for use
in this application. The activities prepared for use in this implementation are presented in Table 3.1 as
follows:

Table 1. Statistical results

Activity No Weeks Activity Titles Sub-learning Areas

Activity 1 Weeks 3 and 4 Designing and creating a mining Natural numbers and operations
product for space exploration with natural numbers

Activity 2 Weeks 5 and 6 Designing and creating a system for ~ Natural numbers and operations
easy transportation from the river with natural numbers

Activity 3 Weeks 7 and 8 Designing and creating durable and Natural numbers and operations
economical pavement stones with natural numbers

Activity 4 Weeks9and 10  Designing and creating a Ferris Fractions and operations with
wheel fractions

Activity 5 Weeks 11 and 12 Designing and creating a place fora  Fractions and operations with
phone to stand while charging fractions

Activity 6 Weeks 13 and 14  Designing and creating a product for ~ Decimal representation

people sensitive to hot items

Table 1's first activity is related to the sub-learning area of natural numbers and operations with natural
numbers. This activity provides students with a concrete example from real life about distant distances
using nine-digit or fewer numbers encountered in mathematics class. Additionally, they see the
mathematical representation of distances between Earth, Sun, and planets seen in science class,
occasionally converting this into miles, a variable distance. In this process, they will also experience
division and multiplication shortcuts. By completing the required work step by step, they will use
technology, work collaboratively as a team, and progress according to a specific plan, thereby achieving
engineering outcomes. The second activity also encompasses the same sub-learning area as the first
activity, but here students will design a product by performing mathematical operations using nine-
digit or fewer numbers learned in math class and calculating the cost of the product. While calculating
product costs in Team Drafts, they will also learn the connection and conversion between cents and lira.
Engineering gains will be provided when designing a bridge and experimenting to understand the logic
of friction force seen in science class. The third activity also addresses the topic of the same sub-learning
area. In this activity, students will design a new model based on pavement stones seen in almost every
road and sidewalk today. Students will be asked questions about the functions of pavement stones and
where they are found. The expected answer here is that pavement stones are used in places where grass
is not to be stepped on. Students will be reminded that pavement stones are made so that living beings
are not harmed in such environments, thereby acquiring knowledge about living organisms in science.
With the model they design, the importance and usability of creating a new product will be questioned.
Additionally, by making mathematical calculations and creating financial statements, they will gain
insight into how operations with natural numbers can be used in daily life. The fourth activity is related
to the sub-learning area of fractions and operations with fractions. Students will utilize fractions to
design a Ferris wheel, observe the motor operation system and the rotational speed of the motor with a
single battery, and comprehend the conversion of electrical energy to kinetic energy and vice versa.
They will be curious about the necessity of mathematics in engineering by placing a product with the
materials provided and making mathematical calculations. The fifth activity is also related to the sub-
learning area of fractions and operations with fractions. In this activity, students will use the operation
feature of fractions to calculate costs, learn the representation of fractions as decimal numbers, and gain
knowledge about their use in daily life. By using the materials provided to create a product, they will
learn about conductive materials that they will study in sixth-grade science classes and gain engineering
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outcomes to find solutions to the problems given using technology. The final activity, the sixth activity,
is related to the sub-learning area of decimal representation. While designing a product for individuals
with temperature sensitivity, students will perform operations related to decimal numbers. The focus
will be on the decimals in coins. Ideas will be generated regarding the use of decimal numbers. In
addition, topics such as heat, temperature, and heat exchange, which are science gains, will be
mentioned. Students will learn about the hydraulic system and its usage objectives as engineering gain,
design a product to be used in daily life, and facilitate their work.

In addition to all these objectives, with effective group work, each student will see themselves as part
of a team and will achieve social gains by fulfilling the necessary responsibilities.

3.7. Implementation Process

In STEM education, the steps followed in the learning environment are Design, Implementation, and
Evaluation. In the Design phase, STEM activities were created within the framework of 21st-century
skills. In the Implementation phase, students were informed about how STEM activities would proceed,
exercises were conducted to show students how the process would work. In the Evaluation phase, the
products presented were evaluated. A more detailed explanation of the steps followed in this
implementation is provided in Figure 3.

— Literature Review

Determining Participants

Identifying Gains for Participants

Developing STEM Activities for Achievements

DESIGN

Obtaining Expert Opinion on Developed Activities

Finalizing Activities

Determining Materials to be Used in Activities

Implementing Activities

Weekly Evaluation of Activities

IMPLEMENTATION

Taking Researcher Notes

Implementing Student Opinion Survey

= ~m r Analysis of Student Researcher Motes
'% Activity Analysis Opinion Survey Analysis
=
=
@
—_ Findings

Figure 3. Implementation Process
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As seen in Figure 3, the initial stage of the design process involved conducting a literature review to
examine previous studies related to STEM. Subsequently, participants were identified in the following
phase of the application process. After determining the learning outcomes for the participants, activities
were developed accordingly. In the next stage, materials to be used throughout the activities were
specified. These materials, such as paper, cardboard, and pipettes, are cost-effective resources necessary
for students to create products at the activity level. During the application process, activities were
assigned to students, and evaluations of these activities were conducted weekly. The researcher made
observations during the implementation of activities, taking notes as part of the process. Following the
completion of all activities, a Student Perception Survey was administered to gather feedback from the
students.

The implementation of activities took place at the STEM Artificial Intelligence Center in a city in
southern Turkey. This center includes classes such as robotic coding, mathematical modeling, mind
games, scientific inquiry, and early STEM education. Education is provided five days a week at this
center, with each student attending one designated day per week. On this designated day, students
attend Mathematical Modeling, Robotic Coding, and Scientific Inquiry classes for three hours after
school. Students attend these three classes in groups every day, with lessons structured as 50-minute
sessions followed by a 10-minute break. These sessions integrate activities that encompass Science,
Mathematics, Technology, and Engineering skills.

Education at this STEM center is student-centered. The application was planned and implemented for
a duration of 14 weeks during the autumn semester of the 2022-2023 academic year. During the initial
two weeks in this learning environment, students were introduced to how STEM education functions
and engaged in exercises. Following these introductory weeks, six activities, each spanning two weeks,
were implemented.

Throughout the application process of activities, students were grouped into teams of four, considering
heterogeneous distributions in terms of achievement and gender. Activities were applied to students in
accordance with the sequence of topics taught at their school. Each activity took two weeks to complete.
In the first week, an activity sheet was provided, comprising sections such as Team Name, Team Slogan,
Team Logo, Problems Related to Achievements, Materials List, and Product Draft. These sections were
designed by researchers to enhance students' creativity. The Problems Related to Achievements section
included two or three problems aimed at improving students' procedural skills, while the Materials List
section facilitated cost-effective decision-making and determined materials to be provided to students
the following week. Finally, the Product Draft section allowed students to sketch prototype designs for
the products they would develop the following week. After completing these sections, students engaged
in an exercise that reminded them of the decisions they had made to find solutions to the problems
provided and were asked to prepare a Team Draft that showed which materials they would choose.
Subsequently, they were expected to create prototypes of each product in their team draft using graphic
tablets, share their drawings with their group members, develop a prototype as a team, and select
materials for their team drafts. Throughout this process, each material had a specified cost, and groups
were given a material limit per week. In the second week, students were provided only with the
materials they had selected in their team drafts and were instructed to create products suitable for the
prototype.

After completing all activities, students were given a Student Perception Form containing thirteen
questions related to STEM, aiming to uncover their thoughts on the education they received at the STEM
center.

3.8. Data Analysis

In this study, data including student products were analyzed using descriptive analysis, while student
perceptions were analyzed using content analysis. Data from the product evaluation form were
evaluated based on the observation form in Table 2.
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Table 2. Product Evaluation Form

Evaluated Scenarios Process

Implementation of designs was achieved.
All materials were utilized in the design.
Design Creation A student requested additional materials for the design.
Process Students discussed among themselves to realize an idea in the design.
A draft version was sketched.
The created product was tested.
An original product emerged at the end of the lesson.
The design creation process took place as a group collaboration.

Inquiry-based learning was facilitated for the students.
Scientific Research Students discussed among themselves regarding their upcoming projects.
Process Open-ended questions were answered.

A solution compliant with RLP (Real-Life Problem) was produced.

The visuals used in the lesson related to the designed product were adequate.

Group work pleased the students.

They collaborated together.
Integrating Learning At the end of the lesson, students acquired new information.
from Different Subjects  They shared their products with other group members.

They made corrections for any parts lacking in their products.

In this context, for the assessment-oriented scoring system, 0 points were assigned for not meeting the
expected criteria, 1 point for partial completion, and 2 points for complete fulfillment.

Content analysis (Yildirim and Simsek, 2018) was employed in the analysis of student perception forms
to identify codes in the obtained data and explore relationships among these codes. Similar data were
organized within specific coding frameworks for this purpose. The data analysis involved two different
researchers reading and coding the student perception forms.

4.Findings

Students engaged in 6 different activities over a period of 14 weeks, although only one activity and its
rocess are exemplified here.

Example Activity: "With government support, we are preparing trees in a specific region for paper production
raw materials. There is a river beyond our work site, and we transport materials across the river using boats.
Recently, there has been heavy rainfall, increasing the water flow of the river. Along with the wind, the current
speed has also intensified. We can no longer use the river as effectively as before. Due to the current, we need to
exert more effort and use more paddles to reach our desired destination. This physically strains us. Together
with our friends, we have decided that we cannot continue transporting materials like this anymore. How can
we find a solution? Produce the most cost-effective solution using the provided materials."

Materials:

Materials Prices Products (Quantity) | Prices Products Prices
(Quantity) (Quantity)

- Cups 75 krg - Pipette 190 krs - Rubber band 130 krs
- Rope 175 krs - Tape 120 krs - Foam plate 75 krs
- Divider 250 krs - Plastic cup 850 krs - Glue 50 krs
- Wooden sticks | 150 krs - Lid 120 krs - Ruler 60 krs
- Cardboard 280 krs - Trash bottle 80 krs - Scissors 270 krs

In the first week of the application process, the teacher checked the distribution of students into groups
and asked them questions related to mathematics, science, and engineering achievements upon entry.
Subsequently, the teacher evaluated each material and asked questions about them, providing
examples. Following this, Team Drafts were distributed to students. The groups were instructed to
complete their Team Drafts comprehensively and select the necessary materials for the design. Students
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determined the materials and calculated their costs. Then, students sketched the draft of the product
they would create. During this time, groups were asked to create a log each to test the product they
would make the following week, thereby learning to create cylinders. Once the design and calculations
were completed, students were asked to submit the logs they created and their team drafts for the
following week, and were instructed to think about the design and the product they would create until
the application day next week.

In the second week, the teacher drew a river of 30 cm for each group and determined the length of the
river according to the length of the tables. Students were given their team drafts and logs from the
previous week along with the materials they had selected, and after deciding on their products, they
exchanged ideas with each other about their desired outcomes. Following these discussions, students
used the materials to build either a bridge or a cable car. Visuals related to the design process and the
products are included in Table 3.

Table 3. Implementation Process
Group 1

S

Group 3

Design Process

Product

Upon examining the design and product processes of the groups, it was observed that all groups
collaborated and produced a product. Each student in the groups contributed to the process and
supported their groupmates. Utilizing graphic tablets, students merged their ideas and thoroughly
completed their team drafts. The groups created unique designs. Group 1 considered securing their
bridge using plastic bottles, ensuring minimal damage even if the current increased. Group 2 anchored
their bridge into the river with supports but did not secure the ends to the ground, considering access
for people passing through. Group 3 used plastic bottles to anchor the bridge to the river without
securing them to the bridge itself. Group 4 anchored their bridge to the river using cups and secured
the ends to the ground, reinforcing it with string and plastic bottles.

10
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Throughout the term, students' activities culminated in the creation of original, sufficiently diverse
products using the provided materials, demonstrating effective teamwork among peers.

During this process, students learned to create cylinders and devised solutions for transporting logs
across the river. Subsequently, they developed a system to easily transport logs, showcasing their
performance and products evaluated under the categories of material design, scientific research process,
and integration of learning from various subjects (Look at Appendix 1).

Table 4. Design Creation Process

o]

ACTIVITY 1 18

@]

ACTIVITY 2
o
ACTIVITY 3

10
O

ACTIVITY 4

0]

ACTIVITY 5 5

O
ACTIVITY 6

Design Creation Process GROUP 1 GROUP 2 GROUP 3 GROUP 4

As seen in Table 4, an increase in scores is observed when comparing the points received by students in
the initial activity and the final activity during the Design Creation Process. The 1st Group was unable
to produce a product in the 5th Activity due to internal disagreements, resulting in lower scores for the
design creation process because they did not collaborate as a group. This highlights the importance of
communication skills in group work (Eroglu and Bektas, 2016).

Table 5. Scientific Research Process

O

ACTIVITY 1

O

ACTIVITY 2

O

ACTIVITY 3

o

ACTIVITY 4

O

ACTIVITY § 5

O
ACTIVITY 6
0

Scientific Research Process GROUP 1 GROUP 2 GROUP 3 GROUP 4

As seen in Table 5, students increased their scores in the Scientific Research Process from the first
activity. The 1st Group did not receive any points in the 5th Activity because they did not engage in
group work. This indicates the importance of collaboration skills in group work (Ugras and Geng, 2018).

11
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Table 6. The Process of Integrating Knowledge from Different Subjects

@]

ACTIMITY 1

O

ACTIVITY 2

@]
ACTIVITY 3

10
0]

ACTIVITY 4

O

ACTIVMITY 5 5

@]

ACTIVITY 6
]

Integration of Learning from GROUP 1 GROUP 2 GROUP 3 GROUP 4
Different Subjects

As seen in Table 6, there is an observed increase in the scores from the first to the last activity in the
Process of Integrating Knowledge from Different Subjects. In the 5th Activity, the students in the 1st
Group received low scores because they did not exchange information among themselves, even though
they learned new information from other groups by the end of the lesson. The disagreement within the
group did not affect the following week's activity, and the group received high scores in the next week's
activity.

Reviewing the categories, it was observed that in the material creation section, students collaborated
within their groups to produce a product. While creating the prototype in the first week, students did
not request additional materials beyond those selected the previous week. In the scientific research
process, students answered open-ended questions through discussions and produced solutions
according to the given RLP. In the process of integrating knowledge from different subjects, it was
observed that students learned new information from this group work and left the sessions happy.

It can be said that the products created by students throughout the semester were original, of sufficient
quality, diverse, and made using the provided materials, while students worked harmoniously with
their group members.

Students compared STEM education to various contexts, such as school (n=7), course (n=2),
entertainment venue (n=2), invention place (n=2), game (n=1), experiment (n=1), and teaching a fish to
fly (n=1) (Figure 4.1). Contrary to the majority, one student who compared STEM to a course said, "I
compare STEM to a course rather than a school because we learn new information different from school,
but we also do activities and experiments." Another student explained that STEM makes the impossible
possible by saying, "We learn everything we didn't know, and the information we learn is very useful
in our daily lives." A word cloud related to these statements is provided below.
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Figure 4. Metaphors Regarding STEM Education

12



International Journal of Educational Studies in Mathematics, 2025, 12(1), 1-22

Students emphasized the advantages of STEM education more than its disadvantages. Numerous
advantages were identified, including: acquiring new/different knowledge (n=14), learning computers
and coding (n=9), having fun (n=11), deep learning (n=4), supporting daily life (n=2), learning by doing
(n=2), gaining different perspectives (n=2), creativity (n=2), group work (n=2), and other benefits
(responsibility, respect development, play).

DEE
AT Plﬂﬁ””m

NE W/Dliffuﬁgﬂf KNOWLEpgE

SN B

Figure 5. Advantages of STEM Education

Students generally expressed satisfaction with STEM education, noting the absence of disadvantages
(n=6). However, some students mentioned a few drawbacks, such as insufficient time allocated (n=2),
time loss (n=2), the presence of group work (n=1), and other issues (early rising, punishment, lack of
classroom space) (n=5) (Figure 4.3).

NO DISADVANT hGES

TIME Logg

Figure 6. Disadvantages of STEM Education

When asked about the feelings STEM education evoked in students, the majority responded with
happiness (n=10), while others expressed positive emotions such as excitement (n=3), love (n=1), and
pride (n=1). Only two students mentioned feelings of unhappiness and sadness (Figure 4.4). The reason
for unhappiness was attributed to a lack of friends.

” \O\E
f“(:flﬂfss

Figure 7. Emotions Evoked by STEM Education in Individuals

Lastly, students were asked about what they were curious about regarding STEM, with the majority
expressing curiosity about how these schools were established and why they were founded. Another
question of interest was how the school's resources were provided.
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5. Conclusion, Discussion, And Recommendations

This study evaluated the education received by 16 fifth-grade students at the STEM Artificial
Intelligence Center and assessed the products they developed during the educational process. The study
was conducted over a fourteen-week period, during which students' products were evaluated, and their
opinions regarding this education were gathered.

In conclusion, according to the findings obtained from the observation forum, a positive increase was
observed between the products produced by the students in the first week and the products produced
in the last week in terms of design creation, scientific research process and integration of learning from
different subjects. Students working in groups improved their collaboration and communication skills.
When a cooperative learning model consisting of heterogeneous groups in terms of ability, gender and
achievement, which has an important place in active learning strategies, is applied, a supportive
learning environment is created in which students are encouraged to explore, their motivation increases
and they can express their ideas freely (Christison, 1990; Cooper, Prescott, Cook, Smith, Mueck and
Cuseo, 1984). In such an environment, students' learning levels increase, their critical thinking and
problem solving skills improve, they exhibit more positive attitudes towards their peers and
themselves, and they gain the ability to work in harmony (Leikin and Zaslavsky, 1997; Nelson-Legall,
1992). In addition, it has been observed that students' oral communication skills are strengthened, and
they participate more actively in the learning process (Doymus, Kara¢dp and Simsek, 2010; Geng and
Sahin, 2015; Kog, 2014; Onder and Silay, 2015; Simsek, 2007; Webb, Sydney and Farivor, 2002). Similarly,
Karahan, Canbazoglu-Bilici, and Unal (2015) found that STEM activities improved students'
collaboration and communication skills.

In addition to these findings, Mildenhall et al. (2019), who designed and conducted a STEM activity
showing that students successfully completed a technological design process using solutions
appropriate for real-life problems, drawing from Mathematics and Sciences, and were able to explain
these products to their peers. Similarly, Dabney et al. (2012) demonstrated in their study that
extracurricular activities promote students' interest and engagement in STEM areas such as science and
mathematics. Ugras (2020) also concluded in his study that STEM activities positively impact students'
scientific creativity. Similarly, Cho and Lee (2013) highlighted in their studies that middle school
students' creativity improved with STEM-based lessons. Lou et al. (2011) emphasized that integrating
STEM with real-life problems could enhance students' problem-solving skills, technical literacy,
mechanical application, and mathematical calculation abilities. In a Problem-Based STEM education,
students are expected to integrate theory with practice, thereby developing problem-solving skills and
higher-level thinking abilities (Lou et al., 2011).

Similar to these findings, Karisan and Yurdakul (2017) concluded in their study that STEM activities
enabling interdisciplinary approaches in STEM fields positively influence students' attitudes towards
these fields. STEM encompasses the content, skills, and thinking styles of each discipline, as well as the
understanding of interactions between disciplines and how they support and complement each other
(Moore et al., 2014). This research underscores the importance of interdisciplinary approaches in STEM
education, suggesting that such activities can effectively enhance students' interest and motivation in
STEM fields (Karisan and Yurdakul, 2017).

In general, students have a positive attitude towards STEM education and find it both necessary and
enjoyable. In addition to these findings, Yildirim (2016) found that STEM applications and whole
learning approach integrated into the 7th grade science course positively affected students' attitudes
towards STEM. Karahan et al. emphasized that STEM activities offer a fun and enjoyable learning
experience for students. Damar, Durmaz, and Onder (2017) also found that STEM applications were
found interesting, and Gazibeyoglu (2018) stated that lessons supported by these applications were
more fun and motivating. Sentiirk (2017) reported that students expressed positive opinions about
STEM activities.
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It is believed in this study that effective group communication and collaboration in STEM activities have
a significant role in the product development process. Similarly, Karakaya et al. (2019) emphasized the
importance of teamwork in STEM activities in their study. Choi and Hong (2013) and Kim et al. (2014)
emphasized that communication and collaboration among students during STEM activities to realize
creative ideas and experience the process are essential in creating a sense of accomplishment in students.
Shengquan and Xiang (2015) highlighted that acquiring knowledge and skills such as group work and
collaboration in STEM areas could help students learn about real-world applications of scientists and
engineers and encourage them to think about problem-solving.

This study focused on evaluating the products of 16 fifth-grade students based on STEM-based
education and their views. Future research could provide different educational experiences for different
middle school classes. In addition, middle school teachers can integrate STEM activities into their own
classrooms, new activities can be developed for the achievements of the classes to be studied. The
number of activities and the application process in the study can be regulated and the effect of STEM-
based activity applications on academic success in mathematics course can be researched. Such STEM
centers can be made accessible throughout the country to popularize STEM education.
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Evaluated
Scenarios

Design Creation Process

Scientific Research Process

Integrating Learning from Different

Subjects

Total

Process

Implementation of designs
was achieved.
All materials were utilized in

the design.

A student requested
additional materials for the
design.

Students discussed among
themselves to realize an idea
in the design.
A draft
sketched.
The created product was
tested.

An original product emerged
at the end of the lesson.

version  was

The design creation process
took place as a group
collaboration.
Implementation of designs
was achieved.

Inquiry-based learning was
facilitated for the students.
Students discussed among
themselves regarding their
upcoming projects.
Open-ended questions were
answered.

A solution compliant with
RLP (Real-Life Problem) was
produced.

The visuals used in the

lesson  related to the
designed  product were
adequate.

Group work pleased the
students.

They collaborated together.
At the end of the lesson,
students  acquired
information.

They shared their products
with other group members.
They made corrections for
any parts lacking in their
products.

Group work pleased the
students.
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