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Abstract

Artificial intelligence (Al) is transforming education, addressing student misconceptions and providing detailed

offering tools that promise enhanced engagement and
understanding for students and teachers alike. This study
examines the educational potential of Google’s Gemini in
comparison with OpenAIl’s ChatGPT, focusing on junior
high school physics education. By using hydrostatic
pressure and fractal theory as a case study, both platforms
were evaluated based on their ability to generate accurate
lesson plans, identify and address misconceptions, and adapt
to diverse educational needs. ChatGPT excelled in

visual aids, fostering a deeper understanding of the topic.
Gemini’s multimodal capabilities demonstrated promise in
integrating various media but highlighted challenges in
conceptual depth and accuracy. This analysis underscores
the need for critical evaluation of Al tools to optimize their
implementation in educational settings, ensuring they
complement rather than replace traditional teaching
methods.
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1. Introduction

Our era is defined by an unprecedented pace of technological advancement, where innovations rapidly reshape societal norms
and practices 4. Technology evolves at such a rate that many tools and devices become obsolete before their full potential is
realized, reflecting the transient nature of modern innovations. A striking example of this phenomenon is the frequent
upgrading of mobile devices, with each new model introducing increasingly sophisticated features and functionalities. This
dynamic epitomizes the essence of the digital age, where adaptability to new technologies is not only beneficial but essential.
Today’s young adults, whom Marc Prensky famously described as “digital natives” 21, exemplify this transformation. Having
grown up immersed in digital ecosystems, their lives are seamlessly integrated with technology, influencing how they learn,
communicate, and solve problems.

Amid this rapidly changing technological landscape, artificial intelligence (Al) has emerged as one of the most transformative
innovations in recent history . Introduced as a concept in the mid-1950s [, Al has progressed from theoretical discussions to
practical applications across nearly all domains of human activity 5 6. Defined by Kurzweil 1 as the art of designing machines
capable of replicating human thought and intelligence, Al systems analyze and interpret human reasoning through advanced
algorithms, enabling machines to perform tasks that traditionally required human intervention & °l. In education, Al promises to
revolutionize traditional methodologies by addressing systemic challenges, personalizing instruction, and providing solutions
to long-standing barriers in teaching and learning.

Historically, technological advancements such as calculators transformed education by automating repetitive tasks and
improving efficiency. Similarly, Al systems now optimize workflows, enhance user interaction, and enable dynamic,
interactive learning experiences [ 2°1, For instance, GPS systems provide turn-by-turn directions in natural, human-like voices,
while Al-powered chatbots efficiently replace traditional customer service agents in industries like banking and healthcare [©
11, Among the most impactful applications of Al are chatbots powered by Natural Language Processing (NLP), which leverage
machine learning to interpret user intent and provide personalized responses. Widely used in fields ranging from customer
support to healthcare management, these tools also hold immense potential for educational applications, offering personalized
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feedback, automating
engagement [ 131,
Despite these advancements, the use of Al-driven tools in
education—particularly in complex subjects like physics—
remains underexplored. Subjects such as hydrostatic
pressure or fractal theory present unique pedagogical
challenges, requiring clear conceptual understanding, the
ability to address student misconceptions, and a combination
of theoretical and practical approaches to foster engagement
(141 While research has focused on the general capabilities of
Al systems, limited attention has been paid to their
application in STEM education, leaving a significant gap in
the literature. Also in this study, we utilized the fractal
theory, even though it is not included in the official
curriculum in Physics We chose to incorporate fractals
because they provide a fascinating way to explore patterns,
self-similarity, and recursion, concepts that connect
mathematics, nature, and physics. By studying fractals, we
were able to demonstrate their relevance in understanding
complex natural phenomena, such as coastlines, snowflakes,
while also encouraging creativity and critical thinking. This
approach enriched our learning experience and highlighted
the interdisciplinary value of fractal theory.

This study aims to bridge this gap by providing a
comparative analysis of two prominent Al tools, OpenAl’s
ChatGPT and Google’s Gemini, in the context of junior high
school physics education. Unlike empirical research that
relies on primary data collection, this study evaluates the
tools based on their documented features, performance in
representative scenarios, and their potential to address
common pedagogical challenges. By focusing on theoretical
and practical applications, the analysis explores how these
tools can support educators in simplifying complex topics
and fostering student engagement, offering critical insights
into their strengths, limitations, and broader implications for
educational practice.

routine tasks, and fostering

2. Materials and Methods

This study is a theoretical investigation that evaluates the
potential of large language models (LLMSs), specifically
OpenAI’s ChatGPT and Google’s Gemini, in the context of
junior high school physics education. Unlike empirical
research, which involves primary data collection, this study
employs a comparative analysis framework grounded in
documented capabilities, simulated scenarios, and existing
literature on the tools’ applications. The analysis focuses on
assessing the tools’ features, strengths, and limitations in
addressing pedagogical challenges, simplifying complex
concepts, and fostering student engagement.

2.1 Previous Research on ChatGPT in Physics Education
In prior research, we investigated the educational potential
of ChatGPT in the domain of high school physics, focusing
specifically on hydrostatic pressure and fractal theory as
case studies 1, Our findings demonstrated ChatGPT's
ability to generate comprehensive lesson plans, respond to
theoretical and practical inquiries, and address common
misconceptions. Leveraging its large language model
architecture, ChatGPT provided detailed explanations, step-
by-step problem-solving guidance, and suggestions for
hands-on activities. Additionally, it facilitated the
development of experimental setups using simple materials,
enhancing accessibility for students and teachers alike,
findings echoed by similar studies [*6 171,
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This earlier work highlighted ChatGPT’s strengths in
simplifying complex physics concepts and engaging
students through interactive learning methods [5 181,
However, consistent with other researchers’ observations,
limitations were noted, such as occasional inaccuracies in
numerical calculations and a reliance on pre-existing
datasets for contextual understanding [ %1, These results
align with our conclusion that complementary human
oversight is crucial to ensure pedagogical accuracy and
relevance 2],

Building on this foundation, the present study extends our
investigation by introducing a comparative analysis between
ChatGPT and Google’s Gemini. By evaluating the distinct
features and capabilities of these two advanced Al tools, we
aim to provide a nuanced understanding of their roles in
STEM education and their potential to support teaching and
learning in physics.

This study seeks to address this gap by providing a
comprehensive comparative analysis of two advanced Al
tools—OpenAI’s ChatGPT and Google’s Gemini—in the
context of junior high school physics education. Both
platforms represent significant advancements in Al
technology but offer distinct capabilities. ChatGPT is
recognized for its ability to generate coherent, well-
structured textual content and provide detailed explanations,
making it a valuable tool for constructing lesson plans and
addressing  student queries. Conversely, Gemini’s
multimodal capabilities allow it to integrate and process
diverse data formats, including text, images, and videos,
making it particularly suited for creating visually enriched
and interactive educational materials. By examining how
these tools perform in creating lesson plans, identifying and
correcting misconceptions, and facilitating interactive
learning, this study offers critical insights into their
strengths, limitations, and overall potential.

The novelty of this research lies in its targeted focus on the
practical application of large language models (LLMs) in
STEM education. Unlike previous studies that broadly
explore Al in education, this research zeroes in on the
teaching of hydrostatic pressure—a fundamental but
challenging topic in physics *4l. By analyzing how ChatGPT
and Gemini can support educators and engage students in
understanding this concept, the study provides actionable
insights for integrating Al into classroom settings.
Moreover, it emphasizes the need for balancing Al
capabilities with human oversight to ensure accurate,
effective, and equitable learning outcomes %1,

Additionally this research focuses on the teaching of
fractals, an intriguing but unconventional topic not included
in the standard curriculum. By examining how ChatGPT and
Gemini can support teachers and students in understanding
fractal theory, this study offers practical insights for
integrating Al tools into the classroom. It highlights how
fractals can bridge mathematics, nature, and art, fostering
interdisciplinary learning and creativity. Furthermore, the
research underscores the importance of balancing Al
capabilities with human guidance to ensure accurate,
meaningful, and inclusive educational experiences [*51,

This paper is structured as follows: Section 2 explores the
broader role of large language models (LLMs) in education,
highlighting their transformative potential and inherent
challenges, such as their ability to provide personalized
learning and streamline lesson planning while addressing
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limitations related to accuracy and ethical considerations.
Section 3 delves into Gemini’s unique features and its
applications in physics education. This section evaluates
Gemini’s multimodal capabilities, examining how they
contribute to lesson planning, addressing theoretical and
computational questions, and integrating real-world
applications. Section 4 offers a comparative evaluation of
ChatGPT and Gemini, focusing on their respective
contributions to lesson design and student engagement. Key
insights include Gemini's strengths in synthesizing
multimodal data and ChatGPT’s ability to address
misconceptions and provide nuanced problem-solving.
Finally, Section 5 discusses the broader implications of
these findings, proposing strategies for integrating Al into
diverse educational environments and outlining directions
for future research aimed at maximizing the impact of Al in
education.

2.2 Large Language Models in Education

Large Language Models (LLMs) represent a transformative
advancement in modern education, bringing significant
enhancements to teaching and learning processes. These
models, including OpenAl’s ChatGPT and Google’s
Gemini, leverage extensive datasets and cutting-edge natural
language processing techniques to interact with users in a
human-like manner. Their applications span a wide range of
educational contexts, from providing real-time assistance to
supporting personalized learning experiences [,

The potential of LLMs lies in their ability to address
challenges that have traditionally hindered effective
education. One of their key strengths is their adaptability to
the individual needs and skill levels of learners. By tailoring
explanations and suggestions based on input, LLMs can
deliver a more customized learning experience that
resonates with students’ cognitive abilities ¥l For example,
in physics education, LLMs can simplify complex concepts
such as hydrostatic pressure by breaking them down into
manageable parts and presenting relatable analogies or
visual descriptions. This adaptability makes them invaluable
tools in classrooms where diverse learning needs must be
addressed [2,

In addition to enhancing student learning, LLMs have
proven to be powerful allies for educators. Teachers can use
these tools to streamline lesson planning, generate
innovative teaching strategies, and design assessment
materials. For instance, both ChatGPT and Gemini have
demonstrated their capacity to produce comprehensive
lesson plans that integrate theoretical knowledge, hands-on
experiments, and real-world applications ?4. By automating
time-consuming preparatory tasks, these tools allow
educators to focus more on fostering meaningful interactions
with their students.

Despite these advantages, the integration of LLMs into
education is not without challenges. Ensuring the accuracy
of the information they generate is a critical concern, as
errors can lead to misconceptions. Furthermore, the
alignment of LLM-generated content with educational
standards and curricula requires careful moderation by
teachers. Ethical considerations, such as data privacy and
the potential bias embedded in responses, also pose
significant challenges that must be addressed to ensure
equitable and effective use of these tools (31,

In the context of junior high school physics, LLMs have the
potential to revolutionize the teaching of abstract concepts.
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By providing detailed explanations, promoting inquiry-
based learning, and encouraging critical thinking, these
models can demystify challenging topics and engage
students in meaningful ways. For example, they can guide
students through problem-solving exercises related to
hydrostatic pressure and fractal theory or provide alternative
explanations to clarify misconceptions. However, their
success depends on a balanced approach where human
oversight complements Al-generated content, ensuring that
it meets pedagogical objectives and adheres to best practices
in education [°,

Overall, LLMs are reshaping the educational landscape,
offering unprecedented opportunities for innovation in
teaching and learning. While their capabilities are
impressive, their optimal use requires thoughtful integration
into classroom practices, guided by the expertise and
judgment of educators. The following sections will further
explore the unique features of Gemini and its application in
teaching physics, providing a comparative analysis with
ChatGPT.

2.3 Evaluating Gemini’s Role in Physics Education:
Strengths, Limitations, and Multimodal Insights

Just a few days after the one-year anniversary of OpenAl's
ChatGPT, Google DeepMind made its own significant
contribution to the field of artificial intelligence with the
release of Gemini. Distinguishing itself through a
multimodal nature, Gemini is capable of drawing from a
vast database and synthesizing different types of
information, including text, code, images, video, and even
speech 122, This innovative capability has positioned Gemini
as a versatile tool, with applications extending across
various domains, including education.

To evaluate its applicability in junior high school physics,
Gemini was tasked with developing a lesson plan for
teaching hydrostatic pressure and addressing both
conceptual and computational questions. Hydrostatic
pressure, a fundamental topic in many physics’ curricula,
served as a case study to assess Gemini’s strengths and
limitations in an educational context 4],

The lesson plan produced by Gemini was comprehensive,
outlining clear learning objectives, such as defining
hydrostatic pressure, applying the formula, and identifying
real-world applications. The plan emphasized hands-on
activities, including experiments with transparent containers,
water, and weights, to demonstrate the relationship between
depth and pressure. Students were guided through observing
and calculating pressure changes, making connections
between theoretical concepts and practical observations.
Additionally, real-world examples, such as the design of
dams and hydraulic systems, were integrated to
contextualize the learning material.

Despite these strengths, the lesson plan revealed notable
limitations. A key issue was the absence of visual aids, such
as diagrams, which are essential for enhancing students’
comprehension of abstract concepts. Furthermore, while
Gemini’s approach was methodical, it failed to address
common misconceptions, such as the erroneous belief that
hydrostatic pressure varies with container shape. Addressing
such misunderstandings is crucial for effective teaching, as
they can significantly hinder students’ long-term
understanding of the concept.

In addition to the lesson plan, Gemini’s responses to a series
of theoretical and computational questions were analyzed.
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For instance, Gemini correctly stated that hydrostatic
pressure is independent of the shape or size of the container,
aligning with the principle that pressure depends only on
depth and density. However, in a numerical exercise
requiring the calculation of pressure 5 cm above the bottom
of a container, Gemini misinterpreted the problem,
calculating the pressure at a depth of 5 cm instead. This
error highlights a critical limitation: While Gemini
demonstrates strong computational capabilities, it struggles
with nuanced problem statements that require precise
contextual understanding.

Another observed shortcoming was Gemini’s lack of
diagnostic  capabilities to identify and  address
misconceptions proactively. Misconceptions, such as the
belief that pressure is influenced by container width, are
common in physics and require targeted instructional
strategies to correct. While Gemini provides accurate
responses within its predefined scope, it relies heavily on
algorithmic programming and lacks the adaptability of
human educators.

The dialogues conducted with Gemini, which include
detailed interactions and analyses, have been moved to
Appendix to provide comprehensive insights into its
performance. This allows the main text to focus on broader
implications while offering readers access to the raw data
for further examination.

Furthermore, in this study, we leverage the capabilities of
artificial intelligence to introduce Gemini to the fascinating
realm of fractals. Although not yet a part of the standard
school curriculum, fractals represent a revolutionary field of
science that permeates all domains of modern scientific
inquiry 31, This groundbreaking theory emerged from the
limitations of Newton's and Kepler's laws, prompting a
reevaluation of numerous scientific concepts. It is now
widely acknowledged that our universe is not governed by
the mathematical models proposed by Galileo and Kepler;
instead, nature's intricate tapestry is woven with fractals,
intricate patterns that repeat across scales. Leveraging
artificial intelligence, junior high school students can
embark on an enriching journey into the realm of fractals,
where scientists across various disciplines are unraveling the
mysteries that have eluded them for centuries. In other
words, fractals should be taught in junior high school
because they are visually appealing, provide concrete
examples of mathematical concepts, have real-world
applications, foster creativity, and teach about chaos and
complexity theory. These reasons make fractals an engaging
and enriching topic for students to learn about.

To evaluate its potential in teaching unconventional topics,
Gemini was tasked with developing a lesson plan on
fractals, a concept not typically included in junior high
school curricula. The lesson plan effectively introduced
students to fractals by outlining clear learning objectives,
such as understanding self-similarity, exploring real-world
examples, and creating fractal designs through hands-on
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activities. It connected theory to practice by encouraging
creativity and integrating examples from nature, art, and
mathematics. However, the plan revealed some limitations,
such as a lack of visual aids to simplify complex ideas and
limited emphasis on addressing misconceptions about fractal
patterns.

In conclusion, Gemini represents a promising step forward
in the use of Al for education. Its multimodal capabilities
and emphasis on interactive learning make it a valuable
resource for teaching complex concepts. However, its
limitations, particularly in addressing misconceptions and
interpreting nuanced problems, underscore the need for
careful integration into educational practices. Teachers must
supplement Al-generated content with human oversight and
tailored interventions to ensure that learning outcomes are
accurate and comprehensive. Future developments of
Gemini should focus on enhancing its diagnostic and
adaptive capabilities to better meet the diverse needs of
learners.

3. Comparative Insights

3.1 Comparative Evaluation of Gemini and ChatGPT

To assess the performance of Gemini and ChatGPT in
teaching hydrostatic pressure, identical questions and
scenarios were presented to both platforms. The objective
was to evaluate their ability to deliver accurate theoretical
explanations, perform mathematical calculations, and
address conceptual nuances effectively.

A spot check was conducted using the evaluation platform at
https://arena.Imsys.org, where Gemini-Pro and ChatGPT-4
were directly compared. This evaluation confirmed
discrepancies in their performance.

Gemini demonstrated strengths in providing concise
theoretical explanations. For example, it correctly clarified
that hydrostatic pressure depends only on the depth and
density of the fluid, irrespective of the container's shape.
However, during numerical problem-solving tasks, Gemini
miscalculated key scenarios. A notable instance involved
calculating hydrostatic pressure 5 cm above the bottom of a
container. Instead of interpreting the problem correctly,
Gemini calculated the pressure at a depth of 5 cm from the
surface, leading to incorrect results. This issue highlighted
limitations in Gemini’s ability to parse nuanced problem
statements accurately.

In contrast, ChatGPT-4 successfully addressed the same
problem, identifying and applying the correct parameters for
hydrostatic pressure at a specified height above the
container's bottom. Its robust contextual understanding
allowed it to navigate the intricacies of the problem,
ensuring an accurate calculation (see Fig. 1).

This section may be divided by subheadings. It should
provide a concise and precise description of the
experimental results, their interpretation, as well as the
experimental conclusions that can be drawn.
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Fig 1: Checking the accuracy of the two applications figure

These findings were corroborated during further testing.
ChatGPT-4 consistently demonstrated the ability to detect
and correct errors related to hydrostatic pressure
calculations, making it more reliable for both theoretical and
practical teaching purposes. In contrast, Gemini-Pro
exhibited a pattern of inaccuracies when faced with similar
tasks, underscoring its reliance on rigid algorithmic
frameworks rather than adaptable reasoning.

The comparative evaluation highlights the importance of
addressing common misconceptions and ensuring clarity in
mathematical problem-solving. ChatGPT excelled in
identifying and addressing these aspects, while Gemini’s
performance was hindered by its limitations in handling
nuanced educational contexts. This distinction underscores
the need for supplementary oversight when integrating Al
tools like Gemini into classroom settings.

At the same time both ChatGPT and Gemini performed
equally well in creating a lesson plan to introduce students
to the fascinating world of fractals. Fractals, a relatively new
and complex concept for junior high school students,
provided an opportunity for the Al platforms to approach the
topic with creativity and flexibility. Both platforms
successfully designed engaging lesson plans that balanced
theoretical explanations with practical, hands-on activities,
helping students grasp the fundamental properties of
fractals, such as self-similarity and recursion. Additionally,
by incorporating real-world examples from nature, art, and
mathematics, the lesson plans made the abstract concept of
fractals more relatable and accessible. This freedom to
design the lesson without constraints allowed the platforms
to demonstrate their potential in fostering curiosity and
deepening  students' understanding of  advanced
mathematical ideas in an innovative and engaging way.
While there were some minor issues and areas for
improvement, such as the need for clearer instructions or
more visual aids, these shortcomings can be overlooked as a
first attempt. Overall, the plans demonstrated significant
potential in fostering curiosity and deepening students'
understanding of advanced mathematical ideas in an
innovative and engaging way.

The complete dialogues, including all inputs, outputs, and
further analysis, are available in Appendix for detailed
examination.

3.2 ChatGPT’s Comments on Gemini’s Hydrostatic
Pressure and Fractals Lesson Plan

The analysis of Gemini’s hydrostatic pressure lesson plan
reveals interesting insights when reviewed by ChatGPT-4.
ChatGPT found the lesson plan well-structured and
engaging for students, combining theoretical foundations
with practical applications—both critical components of
effective teaching.

However, ChatGPT-4 suggested several refinements to
enhance the delivery and impact of the lesson. One
recommendation was to begin the presentation with a
brainstorming activity, such as an experiment demonstrating
the concept of hydrostatic pressure. This approach would
provide students with a visual and interactive introduction,
making the topic more accessible. Additionally, ChatGPT
emphasized the integration of visual materials, such as
animations or videos, to illustrate hydrostatic pressure in
real-world scenarios, such as deep-sea environments.
Another key observation by ChatGPT was the absence of
diagrams illustrating hydrostatic pressure as a function of its
influencing factors—depth, density, and gravity. Visualizing
these relationships through clear diagrams would make the
linear  variation  of  hydrostatic  pressure  more
comprehensible. ChatGPT also recommended that the lesson
applications be presented in a real-world context to increase
student engagement. For instance, a visit to an aquarium
could provide an immersive experience where students
could observe aquatic environments firsthand. Finally,
inviting a marine biologist or an engineer specializing in
hydraulic systems to speak to the class could offer valuable
insights into practical applications of hydrostatic pressure.
These enhancements, according to ChatGPT, would
significantly improve the learning experience by linking
theory with hands-on and real-life applications.

On the other hand, the comments from ChatGPT about the
fractal lesson plan were interesting. The comments suggest
that the lesson plan on fractals is well-structured, providing
a clear and engaging introduction to fractal theory for junior
high school students. It effectively balances theoretical
concepts, such as self-similarity and recursion, with hands-
on activities that promote active learning and creativity. By
incorporating real-world examples, such as snowflakes,
coastlines, and leaf veins, alongside artistic representations
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like the Mandelbrot Set and Sierpinski Triangle, the lesson
connects fractals to both nature and art, making the topic
relatable and visually captivating [*> 231, The differentiation
strategies and extension activities ensure inclusivity while
encouraging further exploration for advanced learners.
However, incorporating interactive technology tools, such as
online fractal simulators or beginner-level coding programs,
could enhance engagement and provide a deeper
understanding of recursion and fractal generation. Overall,
this lesson plan successfully introduces the fascinating
world of fractals in an accessible and engaging way.

3.3 Gemini’s Comments on ChatGPT’s Lesson Plan for
Hydrostatic Pressure and Fractals

To further assess its pedagogical strengths, Gemini was
tasked with reviewing a hydrostatic pressure lesson plan
created by ChatGPT-3.5 %1, Gemini’s feedback highlighted
several positive aspects of the lesson and provided a detailed
critique.

Gemini praised the engaging introduction of the lesson,
which began with a thought-provoking question about
squeezing a full water bottle. This opening activity
effectively captured student interest and curiosity, setting
the stage for an exploration of hydrostatic pressure. Gemini
also noted the clarity of the lesson’s definition of hydrostatic
pressure, emphasizing its dependence on density, gravity,
and depth—Kkey principles that were thoroughly explained.
The inclusion of diagrams and relatable examples, such as
swimming pools and diving scenarios, was identified as a
strength of ChatGPT’s plan. These elements made the
concept more accessible and relatable for students.
Additionally,  practical  activities involving  depth
measurement and  pressure calculations  reinforced
theoretical knowledge with hands-on experience. Linking
theory to practical applications, such as dam construction
and hydraulic systems, was commended for its relevance
and ability to contextualize the material.

A standout feature of ChatGPT’s lesson plan, as noted by
Gemini, was its effort to identify students’ prior knowledge
and address misconceptions at the beginning of the lesson.
This strategy allowed for targeted instruction aimed at
correcting misunderstandings, ensuring a solid foundation
for further learning. Overall, Gemini found the lesson plan
comprehensive, effectively balancing theoretical
explanations, experimental activities, and problem-solving
exercises to foster a deep understanding of hydrostatic
pressure.

Also in order to evaluate its educational effectiveness,
Gemini was assigned to review a lesson plan of fractals
developed by ChatGPT-3.5 [¥l. Gemini's feedback
emphasized several strengths of the lesson while also
offering a thorough critique. The lesson plan effectively
introduces students to the fascinating concept of fractals by
balancing theoretical understanding with engaging, hands-
on activities. It begins with an engaging introduction that
sparks curiosity, using examples of fractals in nature and art
to encourage students to think about patterns and repetition.
The clear definitions and explanations of fractals, along with
their key characteristics like self-similarity, provide a solid
foundation for understanding. Additionally, the lesson
connects fractals to real-world applications, such as
computer graphics, architecture, and natural sciences,
demonstrating their relevance and importance.
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A major strength of the lesson lies in its diverse learning
experiences, which cater to various learning styles by
incorporating both traditional and digital methods for fractal
art creation. Hands-on activities, such as using geometric
tools and software to create fractals, allow students to
directly experience and explore the self-similarity property.
However, these activities could be extended further by
introducing students to more complex fractal algorithms,
like the Mandelbrot set or Julia set, to deepen their
understanding. Encouraging students to incorporate their
own artistic creativity into their fractal designs can also
foster personal expression and make the learning experience
even more meaningful.

To enhance the lesson's impact, more examples of fractals
from fields like biology, weather systems, and financial
models can be included to illustrate their ubiquity and
diversity. Integrating advanced technology, such as
interactive simulations or virtual reality experiences, can
further engage students and deepen their exploration of
fractals. Additionally, incorporating long-term projects or
follow-up lessons that revisit fractals will provide students
with opportunities to continue exploring their applications
and creative possibilities. Overall, the lesson plan
successfully introduces fractals in an engaging and
accessible way, and with a few enhancements, it can inspire
a deeper appreciation for this captivating concept.

3.4 Comparative Insights and Key Observations

The comparative evaluation of lesson plans by both
platforms reveals notable similarities and differences. Both
Gemini and ChatGPT adopted a constructivist approach,
centering their plans on the learner’s needs and encouraging
active participation. Their interfaces were user-friendly,
facilitating the creation of structured and engaging lesson
plans.

However, significant distinctions emerged in their
approaches. The absence of diagrams in Gemini’s lesson
plan was a clear shortcoming, as visual aids are critical for
understanding abstract concepts. ChatGPT’s emphasis on
identifying and addressing misconceptions from the outset
was another notable advantage. This strategy ensures that
instruction directly targets gaps in student understanding, a
feature lacking in Gemini’s plan.

While both platforms demonstrated satisfactory performance
in theoretical and computational aspects of hydrostatic
pressure and fractal theory, their handling of nuanced
problem statements varied. We mention a small remark, a
specific exercise tasked students with calculating hydrostatic
pressure 5 cm above the bottom of a 20 cm container filled
with liquid. ChatGPT correctly identified that the relevant
height was 15 cm and provided the accurate calculation.
Conversely, Gemini misinterpreted the problem, substituting
5 cm as the column height and arriving at an incorrect result.
This discrepancy underscores the importance of critical
evaluation and human oversight when using Al-generated
content in education.

On the other hand comparing the lesson plans of Fractals we
make the conclusion that both lesson plans effectively
introduce students to fractal theory by balancing theoretical
knowledge with practical activities, real-world examples,
and creative exploration. They emphasize the concept of
self-similarity and successfully connect fractals to nature,
art, and mathematics, making the topic engaging and
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relatable for junior high school students. Activities like
creating fractals with geometric tools or software encourage
creativity and help students understand recursion through
direct experience, while diverse learning strategies ensure
accessibility for all learners.

However, there are subtle differences in focus and structure
that highlight their unique strengths. The first lesson plan,
reviewed by Gemini, places a stronger emphasis on hands-
on and creative activities, encouraging students to explore
fractal art and incorporate their artistic expression. It also
highlights real-world applications, such as computer
graphics and architecture, making fractals more relevant to
modern contexts. Additionally, the suggestion to introduce
advanced fractal algorithms, like the Mandelbrot and Julia
sets, adds complexity and depth for advanced students. In
contrast, the second lesson plan, reviewed by ChatGPT,
focuses more on structure, inclusivity, and differentiation
strategies. It explicitly recommends the use of interactive
tools, such as simulators and beginner-level coding
programs, to enhance engagement and deepen
understanding. This plan connects fractals more
comprehensively to nature and art through relatable
examples, such as snowflakes, leaf veins, and coastline
patterns.

To further improve both plans, integrating the strengths of
each could create a more comprehensive learning
experience. Combining the creative exploration of advanced
fractal algorithms from the first plan with the technological
tools and structured differentiation of the second plan would
ensure greater depth and accessibility. Expanding real-world
applications, such as exploring financial models or weather
systems, would demonstrate the versatility of fractals, while
incorporating long-term projects could foster ongoing
interest and deeper learning. Overall, both lesson plans are
engaging and well-structured, and merging their strengths
would result in a highly effective and well-rounded
approach to teaching fractals.

4. Discussion

4.1 The Role of Al in Physics Education

The results of this study underscore the transformative
potential of artificial intelligence in physics education,
particularly in addressing the challenges posed by complex
concepts such as hydrostatic pressure or fractals. By
comparing ChatGPT and Gemini, several key insights have
emerged regarding their respective capabilities and
limitations. ChatGPT demonstrated clear advantages in its
ability to identify and address common misconceptions. Its
structured approach to lesson design, coupled with its
detailed explanations and inclusion of visual aids, provides a
robust foundation for teaching challenging topics. This
capability is particularly valuable in STEM education,
where understanding abstract concepts often hinges on the
ability to connect theory with practical applications.
However, while ChatGPT excelled in problem-solving and
conceptual understanding, its reliance on textual input limits
its potential to fully engage students through multimodal
learning experiences.

In contrast, Gemini’s multimodal capabilities offer a unique
advantage by integrating text, images, and interactive media.
This feature holds significant promise for creating engaging
and dynamic learning environments. However, the study
revealed critical limitations, including inaccuracies in
problem-solving and a lack of diagnostic capability to
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address misconceptions proactively. These shortcomings
suggest that while Gemini has the potential to enhance the
learning experience, its current iteration requires significant
teacher intervention to ensure accuracy and relevance. The
findings of this study highlight the importance of teacher
oversight in the effective integration of Al tools into
educational settings. While ChatGPT and Gemini provide
valuable resources for lesson planning and content delivery,
their limitations underscore the necessity for educators to
critically evaluate and adapt Al-generated materials.
Teachers play a pivotal role in contextualizing these tools,
addressing gaps in their output, and ensuring alignment with
educational standards.

For educators, the integration of Al tools like ChatGPT and
Gemini offers several practical benefits. ChatGPT’s ability
to generate detailed lesson plans and address misconceptions
makes it an ideal tool for supporting classroom instruction
and individual learning. On the other hand, Gemini’s
multimodal features can enhance student engagement
through visually enriched content and interactive activities.
To maximize their potential, educators should use ChatGPT
to develop foundational lesson materials and address
common misconceptions, while leveraging Gemini for
activities that require visual and interactive components,
supplementing its output with additional resources to ensure
conceptual clarity. Regular feedback to Al developers is
essential to enhance the tools’ diagnostic and adaptive
capabilities.

This study opens several avenues for future investigation.
Further research is needed to evaluate the long-term impact
of Al tools on student learning outcomes, particularly in
diverse educational contexts. Additionally, exploring the
integration of Al tools with other emerging technologies,
such as virtual reality and augmented reality, could provide
new insights into their potential to revolutionize STEM
education.  Finally, ongoing collaboration between
educators, researchers, and Al developers is essential to
refine these tools and address their limitations.

4.2 Ethical Implications of Al Integration in Education
The adoption of artificial intelligence (Al) in education has
opened new opportunities but has also introduced significant
ethical considerations that warrant careful attention. Tools
like ChatGPT, while transformative in their ability to
provide real-time assistance, raise questions about data
privacy, security, and the preservation of academic integrity.
These issues are critical in educational contexts, where both
the opportunities and the risks of Al adoption are amplified
by the direct involvement of students and educators 4],

A core concern is the handling of user data, particularly in
light of the vast amounts of information processed by Al
systems. The potential for data misuse, whether through
breaches or unintended profiling, highlights the importance
of stringent privacy protections. For instance, Al
applications like ChatGPT often rely on user inputs that may
inadvertently include sensitive or personally identifiable
information 2%, Such risks are further compounded when the
users are minors, emphasizing the need for robust
safeguards tailored to educational environments. Initiatives
such as OpenAl’s updates to ChatGPT, which introduced
stricter privacy settings and age verification protocols
following public criticism, demonstrate how ethical
challenges can prompt necessary regulatory changes 261,
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Another pressing issue relates to the ethical dimension of
academic integrity. Al tools are designed to provide
assistance and enhance learning, but their misuse by
students can undermine the authenticity of educational
achievements. In particular, the ability of Al to generate
detailed responses and complete tasks autonomously has led
to growing concerns among educators about the potential for
plagiarism or uncritical reliance on Al-generated content.
This highlights the need for clear policies and guidelines on
the ethical use of Al in educational settings, as well as active
involvement from teachers in monitoring and supporting
responsible practices (271,

The role of Al in perpetuating existing biases also presents a
significant ethical challenge. As noted by Bender et al. 4],
the training data used to develop large language models
(LLMs) often reflect societal biases, which can
inadvertently influence the content generated by these
systems. In the context of education, where equitable access
to accurate and unbiased information is paramount, such
biases can hinder inclusivity and fairness. Developers must
prioritize the refinement of algorithms and datasets to
mitigate these risks, ensuring that Al tools align with
educational values and support all learners equally.

Privacy and ethical concerns are not limited to theoretical
discussions but have also been reflected in policy and
regulatory developments. The European Al Act, for
example, underscores the importance of transparency and
accountability in the use of Al, particularly in sensitive
domains like education 281, This legislation emphasizes the
need for clear communication with users about how their
data is processed and stored, alongside measures to protect
vulnerable groups such as students. Such frameworks
provide a foundation for ethical Al deployment, balancing
innovation with the protection of user rights.

One potential solution to privacy concerns is the
development of localized Al systems designed specifically
for use within schools or universities. These systems would
operate within closed networks, reducing the risk of data
breaches and ensuring compliance with institutional privacy
standards. However, this approach requires substantial
investment and collaboration  between educational
institutions and technology providers, as well as ongoing
oversight to maintain high ethical standards [2l,

Despite these challenges, Al tools like ChatGPT have
demonstrated clear benefits in supporting diverse learners.
For example, they can facilitate access to personalized
learning resources, simplify complex concepts, and provide
additional support for students with unique needs. Studies
have shown that such tools are particularly beneficial for
individuals with learning differences, such as dyslexia or
autism, where tailored interactions can reduce anxiety and
boost confidence [ 30, These advantages highlight the
potential for Al to complement traditional teaching methods,
fostering more inclusive and engaging learning
environments.

Ultimately, the integration of Al in education demands a
nuanced approach that balances its transformative potential
with its inherent risks. By addressing ethical concerns
through proactive regulation, technological innovation, and
continuous oversight, educators and policymakers can
harness the benefits of Al while safeguarding its responsible
use. Such an approach ensures that Al remains a valuable
tool for enhancing education, rather than a source of
unintended harm.
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5. Conclusions

The integration of Al in education heralds a transformative
shift, offering unprecedented opportunities to redefine
teaching and learning practices. Tools like ChatGPT and
Gemini have demonstrated their potential to revolutionize
educational methodologies by enabling the creation of
pedagogically enriched lessons, fostering interactive and
engaging learning experiences, and catering to diverse
learner profiles. These advancements not only enhance
student engagement but also empower educators to
streamline  lesson  preparation, introduce  dynamic
instructional approaches, and address misconceptions
effectively.

This study highlights the dual role of educators and
policymakers in harnessing the capabilities of large
language models (LLMs). For educators, tools like ChatGPT
and Gemini provide invaluable support in personalizing
learning experiences and addressing diverse cognitive needs.
For policymakers, the focus must remain on ensuring
equitable access to Al technologies, supporting professional
development for teachers, and aligning the deployment of
Al with ethical and regulatory frameworks, such as the
European Al Act. These efforts are essential to uphold
educational quality, inclusivity, and accountability.

The ethical implications of Al integration are central to its
long-term viability in education. Concerns surrounding data
privacy, algorithmic bias, and transparency underscore the
need for cautious and informed implementation. This study
reaffirms the importance of human oversight in the use of
Al, ensuring that its outputs align with pedagogical
objectives while adhering to ethical principles and data
protection standards. Addressing these concerns is critical to
fostering trust in Al-driven educational practices.
Furthermore, this research underscores the interdisciplinary
potential of Al tools. Beyond traditional physics topics such
as hydrostatic pressure or fractals, tools like Gemini offer
unique opportunities to explore more complex and visually
engaging concepts like fractals. These applications highlight
the ability of Al to bridge scientific disciplines, nurture
creativity, and inspire students to engage with abstract ideas
in innovative ways.

Future research must prioritize the examination of LLMs
across diverse educational and cultural contexts.
Investigating how these tools interact with different
pedagogical traditions, linguistic ~ nuances, and
socioeconomic realities will be key to unlocking their global
utility. Additionally, the integration of Al with emerging
technologies such as augmented and virtual reality could
further enhance immersive and adaptive learning
experiences.

The future of education lies in the balanced synthesis of Al
and conventional teaching methodologies. By continuously
refining Al tools based on rigorous academic inquiry and
practical feedback, educators and developers can unlock
their full potential. This alignment will pave the way for a
dynamic, inclusive, and equitable educational landscape that
not only addresses systemic challenges but also supports the
holistic development of learners worldwide.

Ultimately, this study highlights the transformative potential
of Al tools like ChatGPT and Gemini to reshape educational
landscapes, bridging traditional teaching methodologies
with innovative technologies. By addressing ethical
challenges and fostering interdisciplinary applications, these
tools pave the way for a future where education becomes
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more inclusive, dynamic, and adaptive to the diverse needs
of learners worldwide.

6. Appendix

In the following text, the dialogues conducted with the
Gemini application are presented in their entirety:

Question: Construct an analytic Hydrostatic pressure
lesson plan

Answer: Lesson Plan: Hydrostatic Pressure

Grade Level: Middle School

Subject: Physics

Duration: 45 minutes.

Learning Objectives:

= Students will define hydrostatic pressure and explain
how it is related to the depth of a liquid.

= Students will use the equation P = pgh to calculate
hydrostatic pressure.

= Students will identify real-world applications of
hydrostatic pressure.

Materials:

=  Ruler

= Transparent container (such as a glass or plastic bowl)
=  Water

= Weights or small objects (such as pennies or marbles)
= Chart paper or whiteboard

= Markers or pens.

Introduction (5 minutes)

= Begin by asking students to recall their experiences
with swimming pools or other bodies of water. Have
they noticed that the pressure in water increases as they
go deeper? Explain that this phenomenon is known as
hydrostatic pressure.

Defining Hydrostatic Pressure (10 minutes)

1. Write the term "hydrostatic pressure" on the board or
chart paper. Ask students to brainstorm what they think
it means. Facilitate a discussion to elicit their
understanding and connect it to their experiences.

2. Provide the following formal definition: Hydrostatic
pressure is the force exerted per unit area by a fluid at
rest, such as water in a container. Emphasize the
concept of force per unit area as the key to
understanding hydrostatic pressure.

Relationship between Depth and Pressure (10 minutes)

1. Use the transparent container, water, and weights to
demonstrate the relationship between depth and
pressure. Fill the container about halfway with water.

2. Place a penny on the bottom of the container. This
represents the object experiencing the hydrostatic
pressure.

3. Gently add weights to the penny until it just begins to
sink. Observe how the weights gradually submerge
under the water.

4. Measure the depth of the penny below the water's
surface using a ruler. Record the depth along with the
number of weights.

5. Repeat steps 2-4 with different depths, adding more
weights each time. Record the depth and weight each
time.

6. Discuss the observations with students. Explain that the
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deeper a weight is submerged, the more pressure it will
experience. This is because the weight is being
compressed by the weight of the water above it.

Calculating Hydrostatic Pressure (15 minutes)

1. Introduce the equation P = pgh, where:

= P represents the hydrostatic pressure (in pascals, Pa)

= p represents the density of the fluid (in kilograms per
cubic meter, kg/m3)

= g represents the acceleration due to gravity (9.8 m/s?)

=  hrepresents the depth of the fluid (in meters, m).

2. Demonstrate how to use the equation to calculate
hydrostatic pressure for different depths and densities.

3. Provide students with tables or worksheets with
different values of p and h. Ask them to calculate the
corresponding hydrostatic pressures and record their
results.

Applications of Hydrostatic Pressure (10 minutes)

1. Discuss real-world applications of hydrostatic pressure,
such as:

= The design of dams and ships: Dams have thick walls
to withstand the immense hydrostatic pressure of water
accumulated behind them. Ships are designed with
buoyant hulls that can withstand the pressure of the
water they displace.

=  The operation of hydraulic lifts and presses: Hydraulic
systems utilize the force generated by hydrostatic
pressure to lift heavy objects or apply pressure for
various purposes.

= The swimming of fish and other aquatic organisms:
Fish and other aquatic animals have adapted to
hydrostatic pressure by maintaining their internal
pressure equal to the external pressure. This allows
them to move freely and survive underwater.

Conclusion (5 minutes)

1. Summarize the key concepts of the lesson, emphasizing
the relationship between depth, pressure, and density.

2. Encourage students to think of other examples of
hydrostatic pressure in their everyday lives, such as the
pressure they experience when they dive deeper into a
swimming pool or the force exerted by a water hose.

Assessment

1. Observe students' participation in discussions and
activities. Observe their ability to explain the concept of
hydrostatic pressure and its applications.

2. Ask students to answer questions about the concept of
hydrostatic pressure and its applications. Provide them
with scenarios and ask them to calculate the
corresponding hydrostatic pressures.

3. Assign a short-written assignment where students apply
the hydrostatic pressure equation to solve problems
involving different depths and densities.

The application was then asked to solve a series of questions
and exercises to determine the extent to which the
application can address issues related to both conceptual
understanding of hydrostatic pressure and fluency in
performing mathematical calculations.

Question 1: Two graduated cylinders, a narrow and a wide
one contain the same liquid at the same height. The
hydrostatic pressure exerted on the bottom of the narrow
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one is greater than the wider one.

Answer: The statement that the hydrostatic pressure exerted

on the bottom of the narrow cylinder is greater than the

wider cylinder is false. According to the principle of

hydrostatic pressure, the pressure at a given depth within a

fluid is the same regardless of the shape or size of the

container.

The hydrostatic pressure equation, P = pgh, where:

= Pisthe hydrostatic pressure in pascals (Pa)

= pis the density of the fluid in kilograms per cubic meter
(kg/m3)

= g isthe acceleration due to gravity in meters per second
squared (m/s?)

= histhe depth of the fluid in meters (m).

Shows that the hydrostatic pressure depends only on the
depth of the fluid and the density of the fluid, not on the
shape or size of the container. This is because the weight of
the fluid above a given point is the same regardless of the
container's shape or size.

Therefore, if two graduated cylinders, a narrow and a wide
one, contain the same liquid at the same height, the
hydrostatic pressure exerted on the bottom of both cylinders
will be the same.

Question 2: A glass is filled up with oil. What is the glass'
heigth if the hydrostatic pressure exerted on the bottom is
320 Pa. Use g = 10 and p = 800 kg/m®.

Answer: Using the hydrostatic pressure formula, P = pgh,
we can solve for the depth of the oil h:

h=P/pg

h =320 Pa /800 kg/m3* (10 m/s?)
h=0.04m=4cm

Question 3: Two identical graduated cylinders are filled up
with water. The first is placed in earth and the other one in
moon. The hydrostatic pressure exerted to the bottom of the
cylinders are the same.

Answer: The statement that the hydrostatic pressure exerted
on the bottom of the two identical graduated cylinders filled
with water is the same on Earth and the Moon is false. The
hydrostatic pressure depends on the depth of the fluid and
the density of the fluid, and both of these factors are
different on Earth and the Moon.

On Earth, the acceleration due to gravity (g) is
approximately 9.8 m/s?, while on the Moon, it is
approximately 1.6 m/s2. This difference in gravity means
that the pressure exerted by a fluid at a given depth will be
different on Earth and the Moon.

In addition, the density of water is slightly different on Earth
and the Moon. This difference in density also contributes to
the difference in hydrostatic pressure.

Therefore, the hydrostatic pressure exerted on the bottom of
the two identical graduated cylinders filled with water will
not be the same on Earth and the Moon.

Exercise: A glass is filled up with water at a height of 20
cm. Evaluate the hydrostatic pressure exerted 5 cm above
the bottom. Use p = 1000 kg/ m® and g = 10.

Answer: To determine the hydrostatic pressure exerted 5 cm
above the bottom of the glass, we can utilize the hydrostatic
pressure equation, P = pgh, where:

= P represents the hydrostatic pressure in pascals (Pa)

= p represents the density of the fluid (water) in kilograms
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per cubic meter (kg/m?), which is given as p = 1,000
kg/m?
= g represents the acceleration due to gravity in meters
per square second (m/s?), which is given as g = 10 m/s?
= h represents the depth of the fluid in meters (m), which
in this case is 5 cm (0.05 m).

Substituting these values into the equation, we get:
P = (pgh) = (1,000 kg/m?)(10 m/s*)(0.05 m) = 500 Pa

Therefore, the hydrostatic pressure exerted 5 cm above the
bottom of the glass is approximately 500 pascals (Pa).
Additionally, in this study, we use artificial intelligence to
introduce Gemini to the amazing world of fractals.

Question: Write a simple lesson plan on fractal theory in
junior high school

Answer: Lesson Plan: Fractals

Grade Level: Junior High School (Grades 7-8)

Subject: Mathematics

Length: 2 class periods (45 minutes each)

Learning Objectives:

Students will be able to define fractals and explain their
unique properties.

Students will identify examples of fractals in nature and art.
Students will create their own fractal designs using
geometric shapes and recursion.

Materials:

Whiteboard or projector

Markers or pens

Handouts with images of fractals (optional)
Graph paper or digital drawing software

Procedure:

Day 1

Introduction (10 minutes):

Begin by asking students to identify patterns in everyday
objects, such as snowflakes, leaves, and honeycombs.
Explain that fractals are mathematical patterns that exhibit
self-similarity across different scales.

Defining Fractals (15 minutes):

Provide a formal definition of fractals, highlighting their
self-similarity property.

Emphasize that fractals are infinite patterns, meaning they
can be continuously subdivided into smaller and smaller
parts that resemble the original shape.

Examples of Fractals (20 minutes):

Display images or videos of various fractals, such as the
Mandelbrot Set, the Koch Snowflake, and the Sierpinski
Triangle.

Discuss the mathematical properties of these fractals and
how they demonstrate self-similarity.

Nature and Fractals (10 minutes):

Introduce the concept of fractals in nature, highlighting
examples such as coastlines, mountain ranges, and
snowflakes.

Discuss how fractal patterns are found in various natural
phenomena.

Day 2
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Creating Fractal Designs (35 minutes):

Divide students into small groups and provide them with
graph paper or digital drawing software.

Explain the concept of recursion, a technique for creating
fractal patterns by repeating a simple step multiple times.
Guide students in creating their own fractal designs using
geometric shapes and recursion.

Exploring Fractal Art (15 minutes):

Discuss the concept of fractal art, which utilizes fractal
patterns to create visually appealing and complex designs.
Show examples of fractal art created by artists using
computer programs or physical models.

Encourage students to explore fractal art online and discuss
their impressions.

Reflecting on Fractals (10 minutes):

Lead a class discussion summarizing the key concepts
learned about fractals.

Ask students to reflect on the significance of fractals in
mathematics, nature, and art.

Assessment:

Observe students' participation in discussions and group
activities.

Evaluate students' ability to define fractals and explain their
properties.

Assess the creativeness and complexity of students' fractal
designs.

Collect students' written reflections on fractals.

Differentiation:

For advanced students, provide more in-depth mathematical
explanations of fractal geometry.

For struggling students, focus on the visual aspects of
fractals and provide more hands-on activities.

Extension Activities:

Explore the mathematical applications of fractals in
computer graphics, engineering, and chaos theory.

Create interactive fractal animations using programming
tools.

Investigate the use of fractals in scientific modeling, such as
predicting patterns in weather, fluid flow, and population
growth.

Question: Mention examples of Fractals in the real world
or in the art world.

Answer: Fractals in Nature

Coastlines: The intricate branching patterns of coastlines,
ranging from smooth bays to jagged cliffs, exhibit fractal
self-similarity.

Mountains and Canyons: The layered structure and
branching patterns of mountain ranges and canyons, like the
Grand Canyon, resemble fractals.

Leaf Veins: The branching network of veins within leaves,
like maple leaves, demonstrates fractal patterns.
Snowflakes: Snowflakes exhibit intricate hexagonal patterns
that repeat at different scales, exhibiting fractal self-
similarity.

Ice Crystals: Ice crystals, formed on various surfaces, often
display fractal patterns, such as the dendrites of snowflakes.

Answer: Fractals in Art

Mandelbrot Set: The Mandelbrot Set, a complex
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mathematical object, has been widely used in fractal art due
to its intricate and colorful patterns.

Koch Snowflake: The Koch Snowflake, a recursively
constructed fractal, has been used by artists to create
complex and organic-looking designs.

Sierpinski Triangle: The Sierpinski Triangle, another
recursive fractal, creates mesmerizing patterns with a sense
of infinite repetition.

Fractal Trees: Fractal trees, generated using computer
programs or physical models, mimic the natural branching
patterns of trees with great realism.
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