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Abstract

This chapter examines the importance of integrating artificial intelligence
(AI) and STEM (Science, Technology, Engineering, and Mathematics) in
early childhood education, highlighting how this integration contributes
to foundational skill development in young children. AT’s role in education
is emphasized through its ability to provide interactive and personalized
learning experiences, thereby fostering independent learning processes among
students. Integrating Al tools in early learning increases children’s interest
in STEM subjects and supports teachers in various instructional tasks. The
chapter presents three main paradigms of Al-based STEM education: Al-
directed, Al-supported, and Al-empowered STEM education. These models
serve distinct functions in the learning process, such as as automating access
to information, providing real-time feedback, and creating student-centered
learning environments. Specifically, natural language processing tools like
ChatGPT support students’ individualized learning paths by offering instant
information on STEM topics and assisting teachers in preparing educational
materials. A practical example, “Plant Exploration with a Smart Assistant,”
demonstrates a model for enhancing children’s scientific observation skills and
environmental awareness through Al This activity enables young learners to
explore nature with the support of Al illustrating the potential of educational
technologies in early childhood education. Finally, the chapter underscores AI’s
contribution to the development of critical thinking and creativity skills. AI’s
capabilities in providing instant feedback and accessible information encourage
in-depth learning experiences in STEM education, equipping students with a
more informed approach to data analysis and knowledge evaluation.
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1. Introduction

Al concepts can be traced back historically to ancient myths, for example
the Greek figure of Talos, who can be seen as a form of artificial intelligence
(Mayor, 2018; Sheikh etal., 2023). The term “artificial intelligence” was first
officially coined in the 1950s with the idea of machines simulating human
intelligence (Bini, 2018); however, the definition of this rapidly evolving
technology is vague and fluid (Murdick, 2020). Kaplan and Haenlein (2019)
define AI as a system that can accurately interpret external data, learn from
it and flexibly adapt to achieve specific goals.

AT in education is seen as a versatile tool that supports teachers. For
example, it can perform time-consuming tasks such as automating student
assessments, scoring, and adapting instruction to student needs (Bryant et
al., 2020). According to Matzakos et al. (2023), Al tools can complement
teachers, enabling them to guide students to explore knowledge
independently. However, the widespread availability of Al tools has led
to calls for limitations in some educational settings due to concerns about
content production (Maoet et al., 2024).

Despite the broad educational potential of Al, research on its use in
preschool education is limited. Several studies highlight that tools that
develop practical Al projects, especially “Learning ML” or personalized
learning experiences for preschoolers, such as the smart game “Maya”,
offer interactive and age-appropriate experiences by increasing children’s
engagement (Rodriguez-Garcfa et al., 2021; Akdeniz & Ozding, 2021).
Such tools reveal the role of Al in fostering interest in STEM-related topics
and its importance in preschool education.

2. The Role of STEM and Artificial Intelligence in Preschool
Education

The integration of artificial intelligence (AI) technologies in STEM
education constitutes significant advantages in several studies. Okonkwo and
Ade-Ibijola (2021) address the opportunities oftered by these technologies,
while Khosravi et al. (2023) highlight the benefits offered by chatbots, such
as continuous access and scalability. Such tools can increase interactivity,
personalization, educator support, and student understanding for those
who require additional support in the STEM field. ChatGPT in particular
has attracted attention as an educational tool due to its natural language
communication capabilities; users can interact without programming
knowledge (Baidoo-Anu & Owusu Ansah, 2023; George & George, 2023).
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The fact that it reached 100 million users in just two months shows how
much interest it has gained among students (Wu et al., 2023).

By using GPT-based NLP techniques to provide human-like responses,
ChatGPT ofters instant information for teachers and students and provides
personalized learning experiences in STEM subjects (Wang et al., 2023;
Verma, 2023). Teachers can enhance their teaching effectiveness by using
ChatGPT for lesson planning and material development (Koraishi, 2023;
Van Den Berg & du Plessis, 2023). It also helps students develop problem-
solving abilities in the STEM field and its accessibility on various digital
platforms facilitates learning anytime and anywhere (Rahman & Watanobe,
2023; Vasconcelos & Santos, 2023). The goals of early childhood STEM
education include supporting language development, increasing interest
and motivation in STEM subjects, developing problem-solving skills, and
promoting individualized learning (Ugrag & Geng, 2018; Wan et al., 2021).
ChatGPT’s interactive features can support these goals; for example, they
can improve language skills and increase students’ interest and motivation
by providing them with appropriate learning experiences.

3. STEM and Artificial Intelligence Supported Learning
Environments and Integration

By focusing on the paradigmatic shifts that artificial intelligence has
brought about in STEM (Science, Technology, Engineering, Mathematics)
education, it directly impacts how the use of Al in education is transforming
in the context of research, practice and technology. There are three main
paradigms for how AI can be integrated into teaching and learning
environments.

3.1.AI-Directed STEM Education

The Al-directed education paradigm is a behaviorism-based approach
where students act as a passive receiver and Al directs the teaching process.
In this paradigm, Al determines the student’s learning path and progressively
guides the learning process. For example, the Stat Lady Intelligent Tutoring
System automates the learning process by presenting students with statistics
course content in a sequential manner, expecting a specific response (Shute,
1995). Similarly, systems such as Cognitive Tutors provide students with
ways to solve problems using a variety of knowledge representations and help
students reinforce a particular topic (Koedinger et al., 1997). Al-directed
STEM education offers a model where students follow a specific learning
objective and reinforce knowledge through predetermined activities. In
this model, students progress in the learning process by following the steps



162 | STEM and AI Integration in Early Childhood: First Steps for Euture Scientists

determined by the Al For example, the Stoichiometry Tutor, developed by
McLaren and colleagues, supports students in learning chemistry, enabling
student development on a predefined learning path (McLaren et al., 2011)

3.2. AI-Supported STEM Education

Al-supported STEM education creates a social learning environment
where the learner collaborates with Al as an active participant. The social
constructivist theory on which this paradigm is based emphasizes thatlearning
takes place through social interactions (Bandura, 1986). In this context, Al
acts as a tool that supports the student’s learning process and is in constant
interaction with the student. For example, the natural language processing
tool developed by Gerard et al. analyzes students’ scientific explanations
and provides real-time feedback, allowing the teacher to monitor student
performance (Gerard et al., 2019).

Under this paradigm, a student-centered learning environment is created
and AI allows the student to individualize his/her learning process. This
continuous interaction that optimizes the student’s learning process has
an important place in the context of STEM education. AMOEBA, a tool
developed by Berland and colleagues, allows students to collaborate in real
time in programming courses, analyzes students’ programming processes
and provides an interactive learning environment (Berland et al., 2015).

3.3. AI-Empowered STEM Education

Al-empowered STEM education offers a complex, multifactorial
learning environment where the student and teacher collaborate with Al
In this paradigm, students manage their own learning process with the
teedback provided by Al and become active learning leaders. In this process,
Al supports students’ direct involvement in learning processes by providing
high transparency, more accurate feedback and personalized advice (Riedl,
2019). For example, the Lumilo glasses developed by Holstein et al. allow
teachers to monitor student learning processes in real time. This AI-powered
device helps teachers analyze students’ interactions in the classroom and
provide support based on this data (Holstein et al., 2019).

4. Practical Application Examples: STEM Based Artificial
Intelligence Activities

STEM applications require the individual to use many disciplines
together. In this process, the individual will be able to solve the problems
experienced in daily life by using science, technology, mathematics and
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engineering skills. Developing technologies directly affect this process.
Artificial intelligence has recently started to be effective in our lives. An
activity that can be implemented in the classroom in the context of STEM-
based artificial intelligence activities is presented below.

“Plant Discovery with Smart Assistant”

Aim of the activity: To enable children to learn the basic characteristics
of plants, to arouse their interest in knowing and exploring the environment
and to develop their scientific observation skills.

Age Group: 4-6 years (preschool)
Duration: 30-40 minutes
Required Ingredients:

* Tablet or phone (equipped with an artificial intelligence app that can
recognize plants)

* Real plants that children can observe (simple plants grown in the
classroom or leaves, flowers, etc. brought for the activity)

* A simple drawing or activity sheet on which children can take notes
(so they can draw the shapes of the leaves)

Event Flow:
1. Introduction and Preparation (5 minutes)

o Tell the children that today they will learn about plants with the
help of a “Smart Assistant”.

o Give each child a plant leaf or a small potted plant.

o Explain that the Smart Assistant will help them recognize plants
and the Al will provide information about them.

2. Recognizing and Observing Plants (10-15 minutes)

o Ask the children to take each plant in their hands and pay attention
to the leaves, flowers or roots.

o Identify plants with children using an AI app on a tablet or phone.
When children point to their plants, the app can explain aloud the
name of the plant, its characteristics and where it grows.

o Each child can draw on paper the main characteristics of the plant
they are observing or paint its colors.

3. Plant Care and Environmental Awareness (5-10 minutes)
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o Explain to the children what plants need to grow (water, sunlight,
etc.) and the importance of the environment.

o Talk about how AI can help with a plant’s needs, such as the
amount of water or light it needs. Encourage children to think
with questions such as, “Our Smart Assistant says this plant loves
the sun, what can we do:?”

4. Conclusion and Discussion (5 minutes)

o Ask the children again the names and characteristics of the plants
they have discovered and summarize this information together.

o Ask children questions like “What other plants would you like to
explore?” or “What would you like to ask the Smart Assistant to
tind out more about another plant?”. This way you can keep their
curiosity alive.

In addition to providing children with basic knowledge about plants, this
activity will be effective in giving them the first ideas about how AI can be
used in scientific discoveries. Children can see Al as a “science friend” that
helps them in their discoveries and start to gain environmental awareness.
With this activity, children can make science-based observations through Al
and increase their interest in the environment while learning about plants.
Some artificial intelligence applications that can be used in this process are
presented below.

PlantSnap

)
Ny /
Personalized care guides,
reminders and more

.\Your Plant Journal Plant care guide Fun fact

Visual 1. Content Visuals for PlantSnap Application (URL-1)
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* Features: An app that can quickly recognize plant species. Thanks to
its Al-powered algorithm, it can identify plants, flowers, leaves, trees
and even more exotic plants like cacti.

* Child Friendly Use: Provides the child with short and simple
information after identifying the plants, making it easy for preschoolers
to understand.

* Advantages: The app not only identifies the plant, but also provides
plant care tips and helps children learn about the needs of plants.

Seek by iNaturalist

ACHIEVEMENTS

YOUR LEVEL
™ SURVEY

SPECIES BADGES

California Poppy

Eschscholzia californica

ABOUT

Eschscholzia californica (California p

Californian poppy, golden poppy, Cal|

sunlight, cup of gold) is a species of

plant in the Papaveraceae family, nat

United States and Mexico. It is an orr

plantand it »susedny andi
O

Visual 2. Content Visuals for Seek by iNaturalist Application (URL-2)

* Features: Developed in collaboration with National Geographic and
iNaturalist, this app is an Al-powered identification tool that can be
used to identify plant and animal species encountered in nature.

* Child Friendly Use: Although it does not provide detailed
information, it encourages children to observe nature and allows
them to explore the environment in a safe environment.

* Advantages It has a safe and simple interface for children; it keeps
children’s sense of curiosity alive with reward systems such as games.
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PictureThis

Frangipani
Plumevia rubra 90

++: Frangipani, ©

Ovorview Care Explor

ﬂ This plant looks healthy !
@ A

+ Save b arden

Identify

Visual 3. Content Visuals for PictureThis Application (URL-3)

 Features: With a highly sophisticated artificial intelligence algorithm
for plant identification, this app offers information on the growing
and care conditions of each plant, as well as identifying plant species.

* Child Friendly Use: Thanks to its simple interface, it is an application
that children can use easily. It provides short, child-friendly information
about plants.

* Advantages: The inclusion of information on plant care can support
children’s ability to take care and responsibility for plants.



Flora Incognita

Identify
plants with
your camera

Garanium syhat

Wood crane's-bill
phaticum

v

Learn more
about your
discoveries
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Record your
observations

Greate attention for o
lora with chalk grafit

.
#MoreThanWeeds

Ramsans, Lily-of-the-vabey

Learn what
is happening
in nature

Visual 2. Content Visuals for Flova Incognita Application (URL-4)

* Features: Flora Incognita is an Al-powered application that can
quickly recognize plant species. It has a large database of plants,
especially European plants, and can identify difterent plant parts such
as leaves, flowers, stems.

* Child Friendly Operation: It has a simple and straightforward
interface. It offers a fun process when photographing plants and is
visually engaging for children.

* Advantages: The app helps children gain basic botanical knowledge
by providing brief information about the characteristics of plants. It
also allows children to learn about plants native to the local ecosystem
to increase their environmental awareness. It has a safe content
developed for educational use.

When artificial intelligence tools are examined, it is seen that each of
them stands out with different aspects. At this point, it is important to select
applications in accordance with the sub-objectives in the activity process.

5.Development of Critical Thinking and Creativity in Children
Supported by STEM and Artificial Intelligence

While Al facilitates access to information in STEM education, it
also improves students’ analytical, synthesis and data evaluation skills.
The functioning of Al as a critical tool in this process promotes a deep
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understanding of concepts in the STEM field and active engagement of
students in the learning process (Baisova, 2024).

The integration of Al into STEM education contributes positively to the
development of critical thinking. Critical thinking is a very important skill
in terms of problem solving and innovation, which includes the process of
analyzing, evaluating and interpreting information. STEM education offers
a structure that supports critical thinking due to the need for analytical
thinking. Therefore, Al supports the development of critical thinking skills
in the STEM field and helps students detect logical errors and recognize
biases (Baisova, 2024)(the-impact-of-artificia...).

AT also enables students to develop the ability to evaluate alternatives
by providing simulations and virtual laboratories within STEM education
that allow them to test different hypotheses. In this way, students have the
opportunity to see the consequences of their decisions and analyze various
approaches, which helps them make more informed decisions in the problem-
solving process (Ruiz-Rojas et al., 2024)

Al-based adaptive learning systems provide a personalized learning
experience by delivering educational materials based on each student’s
knowledge level and learning style. These systems analyze the student’s
achievement based on their learning preferences and offer additional
resources as needed. For example, if a student is found to be struggling
with a particular subject, the system suggests additional videos or interactive
exercises appropriate to the student’s level (Cheng, Tan & Tan, 2023). This
contributes to the development of critical thinking skills and allows students
to evaluate their own learning process.

The instant feedback features offered by Al enable students to quickly
recognize logical errors and develop critical thinking skills. For example, Al-
based platforms can point out logical flaws when analyzing students’ work
and encourage students to revise their mistakes. Thus, students strengthen
their critical evaluation habits by examining their own arguments more

deeply (Nagaraj et al., 2023).

AT’s ability to provoke questions and curiosity is another element that
encourages critical thinking. By posing provocative questions to students,
Al encourages them to analyze and research topics in more depth. This
interaction makes students more interested in learning and develops their
research skills (Ruiz-Rojas et al., 2024). It also promotes an interdisciplinary
approach, developing the ability to integrate knowledge from difterent fields
and allowing students to see the big picture (Bushuev, 2024).
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6.Conclusion and Recommendations

Artificial intelligence (AI)-supported STEM education has significant
potential to increase the speed of access to information, personalize the
learning process and develop students’ critical thinking skills. These
technologies complement traditional learning methods, enabling students
to understand complex scientific concepts, develop analytical thinking skills
and transform their knowledge into practical solutions. In particular, Al
tools used from early childhood onwards support children’s sensitization
to the environment, develop a predisposition for scientific thinking and
strengthen their problem-solving abilities. In this process, Al stands out as
a “learning friend” that allows students to conduct logical analysis, develop
hypotheses and try different solutions.

Another contribution of Al to educational environments is that it increases
students’ creative thinking capacities. Al-supported simulations and virtual
laboratories expand the boundaries of learning by offering students the
opportunity to experiment in a safe environment. These tools both enable
students to put theoretical knowledge into practice and encourage them to
learn by making mistakes. For example, Al-based adaptive learning systems
make learning more effective for each individual by providing a personalized
educational experience according to the learning pace of students. Thanks to
such technologies, students have access to additional resources to fill their
gaps, while they have the opportunity to gain more in-depth knowledge in
their areas of strength.

However, despite all these advantages Al offers, there are also some
limitations and risks associated with its applications in education. In
particular, excessive automation can lead to a weakening of students’
independent thinking and problem-solving abilities. Moreover, students’
dependence on technology may negatively affect their capacity to think
critically and generate original ideas. Therefore, it is important to define
the role of Al in education as a “helper” that supports but does not replace
students. The aim of education should be to develop students’ creative and
critical thinking skills by using Al as a tool.

This holistic approach enables students not only to access existing
knowledge, but also to learn to question and interpret this knowledge
through a critical filter. Al applications in education contribute to the
development of students as conscious, responsible and creative individuals
integrated with technology. Thus, it is aimed that they become individuals
who develop the skills to produce solutions to the challenges they will face
in a rapidly changing world. Accordingly, Al-supported STEM education
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stands out as a powerful tool for students to acquire 21st century skills such
as analytical thinking, problem solving and creativity.

Recommendations:

1.

Develop Comprehensive Education Programs: Programs using
STEM-based Al tools should be developed from an early age. These
programs can encourage critical thinking and creativity by allowing
students to experience both scientific concepts and Al technologies.

. AI Training for Trainers: Educators should be provided with the

necessary training to be able to use Al-based tools effectively. Teachers
who understand the functionality of Al technology can adapt these
tools to the individual needs of students.

. Ensuring Fairness of Access: Al-supported STEM education

opportunities should be expanded to provide equal access to all
students. It is important to address inequalities in access to technology
through digital resource access projects.

Establishing Data Privacy and Security Policies: Data privacy
issues arising from the use of Al in education should be addressed and
measures should be taken to protect students’ personal information.

. Developing Applications that Support Creativity and Critical

Thinking: Al applications to be used in education should have features
that will nurture students’ sense of curiosity, improve their problem-
solving skills, and increase their creative thinking capacities. These
applications can support creative thinking by providing students with
the opportunity to ask questions, develop hypotheses and test various
solutions.
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