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Abstract: Generative Artificial Intelligence (GenAl) has emerged as a valuable assistant in education.
Many GenAl tools have been designed to aid teachers in offering personalized learning to their
students, tailored to their educational needs and difficulties. In this paper we present a custom Open
ATl’'s GPT (IBL Educator GPT) that is designed and developed based on Inquiry based Learning and
offers teachers a framework in which they can interact with ChatGPT and design educational strategies
regarding Special relativity. To evaluate this tool via questionnaire that measures physics teachers’
beliefs concerning the adoption of Al tools in the classroom The utilization of the IBL. Educator GPT
has led to the improvement in teachers’ perspectives regarding the adoption of artificial intelligence-

based tools for personalizing teaching.
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1. Introduction

Special Theory of Relativity (STR) is one of the most influential theories of the 20th
century and has changed the way we view the world. It is part of many undergraduate
curriculums, and it is often suggested that it should be integrated into an upper secondary
curriculum. As it describes abstract as well as counterintuitive phenomena, students encounter
several difficulties understanding its basic principles and consequences. There is a growing
interest in studying these difficulties and developing tools and methods that address most of
them.

As far as students’ difficulties are concerned, they can be organized into three main
categories (Alstein et al, 2021) (A) frames of reference, (B) postulates of SRT, and (C)
relativistic effects.

A. Frames of reference

The notions of the frame of reference and the observer play an important role in setting
a strong underpinning for students understanding the special relativity and its applications.
As such, it is essential to explore students’ difficulties concerning these notions. Students treat
frames of reference as concrete objects, fixed to bodies (Tanel, 2013; Panse et al., 1994), for
example both the ship and its reference system experience friction with the water. Students
also tend to use a privileged frame of reference to describe a phenomenon. For example,
between a moving train and a platform, the reference frame of the platform is preferred
(Arriassecq & Greca, 2012; Scherr et al., 2001; Panse et al., 1994; Ramadas et al., 1996; Villani
& Pacca, 1987). Moreover, events can be observed only inside the frames of reference that
students have chosen (Tanel, 2013). As far as inertial observers are concerned, students
confuse them with people who simply see or look and not with someone they observe and
measure (Arriassecq & Greca, 2012). An interesting finding is that postgraduate students of
the Department of Physics express the opinion that the speed, trajectory, and displacement
of a moving object are independent of the reference system (absoluteness) and in fact there
is only one true speed and only one true displacement traveled (space). Any variation in
measurements between different inertial observers has come from optical illusion (Villani &
Pacca, 1990).
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B. Postulates of SRT

A common mistake that students make is that they try to interpret the basic postulates
of STR within the framework of classical physics, something that leads them to wrong
answers. According to the 1st postulate, namely the principle of special relativity, observers
in any two inertial frames of reference must agree on the laws of physics. Students confront
many difficulties understanding this postulate. In particular, students find it difficult to
perceive the equivalence between motionless and uniform motion. They believe that
phenomena (either electromagnetic or mechanical) can progress differently for different
observers. For instance, they believe that an object moving at a constant speed relative to an
observer O can accelerate or decelerate relative to a different inertial observer O’
(Gousopoulos et al., 2023). According to the light postulate “light is always propagated in
empty space with a definite velocity ¢ which is independent of the state of motion of the
emitting body” (Einstein,1905). Students consider that the “true” speed of light can be
observed only in the rest frame of the light source (Villani & Pacca, 1987) and they use the
Galilean velocity addition formula in problems in which the speed of light is asked. Moreover,
according to students the fact that we cannot travel at speeds greater than the speed of light
is because we have not yet developed the appropriate technology (Guisasola et al., 2009).

C. Relativistic effects

The basic relativistic effects that we will discuss are the relativity of simultaneity, the time
dilation and the length contraction. Students consider two events to be simultancous when
they occur in the same space and time (Arriassecq & Greca, 2010). They also considered that
two events that are simultaneous for one initial observer must be simultaneous for any other
inertial observer (Gousopoulos et al., 2023). As far as the time dilation and length contraction
are concerned, students believe that these phenomena are occurring only in the “moving”
frame of reference (Selcuk,2010; Aslanides & Savage, 2013), whereas other students ascribe
time dilation and the length contraction to the absoluteness of time and space respectively
(Dimitriadi & Halkia, 2012).

1.1. Approaches to Teaching STR Using Digital Technologies

STR deals with abstract and counterintuitive phenomena that are difficult for students
to visualize and to interpret. As such, teaching approaches that use multimedia can have a
positive impact on students understanding the key concepts of the STR. These approaches
utilize either realistic virtual environments or interactive simulations that are based on thought
experiments.

In general, realistic virtual environments enable students to visualize the effects that take
place when travelling at speed near the speed of light. According to the literature, there are
several virtual environments that have been reported. In particular, the “Real Time Relativity”
visualizes relativistic effects such as time dilation, length contraction and Doppler shift
(McGrath et al,, 2010). The “Relativistic Asteroids” is a game that is based on the respective
classic video arcade game “Asteroids” where students experience some of the effects of STR
in a gamify way. In this game moving objects are contacted and change their colors due to
their speed and based on the length contraction and Doppler shift respectively (Carr &
Bossomaier, 2011). Moreover, “A Slower Speed of Light” is a game where students can
experience a relativistic world, and their objective is to collect orbs while they are moving in
more of less relativistic speed (Kortemeyer, 2019). Finally, the “Einstein’s playground” is a
planetarium show where students can experience the relativistic effects of STR in different
speeds. In this show, they can see that while the speed at which they are moving approaches
the speed of light length contraction and the relativity of simultaneity are observable, whereas
at lower speed these effects cannot be detected (Sherin et al., 2017). The above-mentioned
approaches have led to positive learning outcomes.

One very famous approach to STR is the use of though experiments that constitute
significant educational tools in familiarizing students with the key concepts of STR (Velentzas
& Halkia, 2011). If we take a step forward and visualize these thought experiments utilizing
relevant simulations, we increase the possibility of enhancing students’ understanding
regarding STR. One of such efforts has been reported by Horwitz and Barowy (1994) who
developed the “Relab”, a simulation tool that allows students to explore, model and simulate
thought experiments. The integration of this tool into a teaching sequence showed positive
learning outcomes. Another relevant tool has been reported by (Belloni et al., 2004) who
developed java applets that mainly visualize relativistic effects (relativity of simultaneity, time
dilation and length contraction).
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1.2. Generative Artificial Intelligence in Education

GenAl (Generative A.L) is a field of AL that focuses on the creation of new content,
namely, text, image, audio, code and more based on the training data in response to prompts.
GenAl utilizes machine learning algorithms to capture the underlining distribution of the
training data and generate novel content that resembles a human-created one. GenAl is the
technology that empowers LLMs and has a significant impact on multiple domains, such as
IT and DevOps, entertainment, education, banking and finance, healthcare, human resources,
and on working professionals in general.

As far as education is concerned GenAl has many applications, from content generation
to personalized and adaptive learning experiences. Some of its capabilities are the following:
It can assess assignments, provide feedback and propose a learning path tailored to learners’
needs (Aryadoust et al., 2024). It can, also, detect special needs and learning difficulties to
assist educators create specific lesson plans to address these difficulties. Despite the power of
GenAl technologies, many concerns have been raised regarding potential biases, inaccuracies
and the safety of sensitive personal data. One of the propositions that can address the
aforementioned issues, is to ensure the alignment of GenAl generated content with the
established educational goals.

In view of the above, this paper explores the acceptance of an OpenAl’s custom GPT
in teaching Special Theory of Relativity to upper secondary students. Therefore, the following
hypotheses are composed:

H1. OpenAl’s custom GPT that has been designed and developed based on the Inquiry
Based Learning leads to an increased adoption of Al tools in classrooms.

H2. OpenAl’s custom GPT that has been designed and developed based on the Inquiry
Based Learning leads to an improved Al Knowledge.

H3. OpenAl’s custom GPT that has been designed and developed based on the Inquiry
Based Learning leads to an improved Al Pedagogy.

H4. OpenAl’s custom GPT that has been designed and developed based on the Inquiry
Based Learning leads to an improved self-concept regarding teaching Special Theory of
Relativity.

2. Materials and Methods

This paper tries to highlight the leverage that GenAl tools, like ChatGPT, can give
teachers regarding the design and implementation of an educational approach of Special
Relativity at an upper secondary level. Moreover, this paper explores the potential shift in
teachers’ beliefs concerning the adoption of Al tools in the classroom. As such, a custom
GPT was designed and developed based on the Inquiry Based Learning (IBL Educator GPT
(you can have access here: https://chatgpt.com/g/g-GHyDSFa8h-ibl-educator). IBL is a
constructivist educational approach that brings the students to the center of the educational
process. In this context, students are engaging in active learning, exploration and problem
solving. Pedaste et al. (2015), create a framework in which the phases are as follows:
orientation, conceptualization, investigation, conclusion and discussion. When teachers enter
the subject, they intend to teach, in our case topics on Special Relativity, the GPT proposes
3 fundamentally different approaches for each phase of the previously mentioned framework.
Along with these options, the GPT offers comparison and contrast of them based on specific
GenAl generated metrics. This is very significant, since teachers can start using IBL Educator
GPT to support their decision making by simply seeking multiple perspectives on how to
create an educational approach of Special Relativity. The prompt that fuels the GPT is the
following:

“Act as an experienced educator. The users are teachers who will provide you with the
subject they want to teach. Based on the selected subject, you should give them educational
ideas and resources that are organized as follows: Orientation: is the process of stimulating
curiosity about a topic and addressing a learning challenge through a problem statement
Conceptualization: is the process of stating theory-based questions and/or hypotheses,
generating research questions based on the stated problem, and generating hypotheses
regarding the stated problem. Investigation: is the process of planning exploration or
experimentation; collecting and analyzing data based on the experimental design or
exploration Conclusion: is the process of drawing conclusions from the data by comparing
inferences made based on data with hypotheses or research questions. Discussion: is the
process of presenting findings of particular phases or the whole inquiry cycle by
communicating with others and/or controlling the entite learning process ot its phases by
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engaging in reflective activities, presenting outcomes of an inquiry phase or of the whole
inquiry cycle to others (peers, teachers) and collecting feedback from them, describing,
critiquing, evaluating and discussing the whole inquiry cycle or a specific phase. For each
phase 1. Propose 3 fundamentally different options, 2. Give the user 3 metrics to compare
and contrast and 3. Evaluate these options using these metrics and before moving to the next
phase, ask the user if they want to proceed to the next phase.”

For example, for the topic of time dilation the three options of investigation proposed
by GPT are the following:

Investigation Phase: Planning and Collecting Data

In this phase, students explore or excperiment to collect data that belps answer the research question or
test their hypothesis. For time dilation, direct experiments in the classroom are challenging, so simulations,
real-world data, or thought experiments can be effective alternatives.

Option 1: Computer Simulation of Time Dilation at High Speeds

Activity: Use a time dilation simulation tool (like PhET’s “Relativity Lab” or similar software) where
students can adjust the speed of an object approaching the speed of light and observe how time changes relative
to an observer.

Data Collection: Students record how time dilation varies with increasing speed and create a graph to
visualize the relationship.

Goal: Explore the mathematical relationship between velocity and time dilation as predicted by the
Lorent, factor.

Option 2: GPS Satellite Data Exploration

Activity: Guide students to research or analyze available GPS satellite data, which shows how clocks
on satellites differ from clocks on Earth due to both velocity and gravitational time dilation.

Data Collection: Students excamine and calculate the differences in time excperienced by satellites versus
ground-based clocks over a fixed period.

Goal: Investigate how both bigh speed and gravity impact time dilation, combining concepts of special
and general relativity.

Option 3: Classroom Thonght Experiment on Gravitational Time Dilation

Activity: Students design a thought experiment where they imagine a clock near a black hole versus one
on Earth. They calenlate the time difference using the general relativity equations and research black holes’
gravitational influence.

Data Collection: Students calculate time dilation effects based on mass and gravitational pull of celestial
bodies like black holes or planets.

Goal: Explore the mathematical predictions of time dilation in strong gravitational fields, linking it to
Einstein’s theory of general relativity.

Metries to Compare Options:

1. Feasibility: How easy is it for students to carry out the investigation given the available resources
(technology, data, etc.)?

2. Conceptual Challenge: How demanding is the investigation in terms of mathematical and theoretical
understanding?

3. Engagement and Hands-On Learning: How involved are students in collecting and interpreting their
own data?

Evalnation of Options:

Option 1: Computer Simulation of Time Dilation

Feasibility: High. Simulation software is widely accessible, and students can explore scenarios without
Physical limitations.

Conceptual Challenge: Moderate. Students will need to understand the Lorent3 factor but can
manipulate the variables easily.

Engagement: High. The hands-on aspect of manipulating variables engages students in the exploration
process.

Option 2: GPS Satellite Data Exploration

Feasibility: Moderate. 1t may require access to specific data sets or sources, which can be found through
research, though some guidance will be needed.
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Conceptual Challenge: High. Students must apply both special and general relativity and understand
real-world applications of the theory.

Engagement: High. Students can connect the investigation directly to everyday technology, mafking the
data ffeel relevant and interesting.

Option 3: Thought Experiment on Gravitational Time Dilation

Feasibility: High. 1t doesn’t require any specific resonrces, just imagination and calenlation tools.

Conceptual Challenge: High. Understanding gravitational fields and applying general relativity
equations is quite advanced.

Engagement: Moderate. While thought experiments are useful, they lack the hands-on component that
can engage some learners more fully.

In order to export conclusions regarding the IBL. Educator GPT evaluation 14 science
teachers was comprised the sample that was characterized by convenience. The science
teachers selected for this study, was teaching STR to upper secondary students in the context
of science clubs in their schools. Therefore, an intervention was designed and implemented
that included the training of these teachers to the foundations and applications of artificial
intelligence in education. The before-mentioned intervention was carried out for 5 weceks.
After this period the teachers embedded the IBL. Educator GPT in their educational design
of a series of lesson in STR that lasted 6 weeks. Before and after the intervention mentioned
before, an online survey was given to the participants. The survey consisted of 21 questions
that was grouped into 4 categories. A 5 -point Likert scale was used in order the respondents
to evaluate their experience of the utilization of the IBL. Educator GPT. The survey was
distributed to the teachers having a return rate of 100% before and after the above -mentioned
intervention. Data analysis was conducted using the R software.

3. Results

For evaluating the developed GPT a pilot study was conducted. Fourteen science
educators have tested its capabilities, and they filled in a questionnaire before the use of GPT
and the same questionnaire after its use (Appendix A). The questions of the questionnaire
were selected from published instruments in education and so they are characterized by
validity and reliability (Braun et al., 2008; Chiu et al., 2024). The questionnaire consists of 4
main constructs with 4 questions each: Al Knowledge, Al Pedagogy, Al Adoption and Self
— Concept (see Appendix). For each structure the non-parametric Wilcoxon signed rank test
applied, to compare the scores of the pretest and posttest.

The results show that all 4 hypotheses, proposed in this study, are accepted. In particular,
as far as the Al knowledge is concerned the test indicated that in post-test ranks were
statistically significantly higher than pre-test ranks, Z=-3.233, p<.001. As regards Al
Pedagogy the post-test ranks were statistically higher than pre-test ranks Z=-3.180, p=.002.
For Al Adoption and Self - Concept we had the same picture with Z=-3.180, p=.002 and
7=-3.059, p=.002 respectively.

4. Discussion

Generative Al tools, like ChatGPT have emerged as significant teaching assistants that
can help teachers with the design and development of innovative educational approaches of
challenging physics topics, such as Special Relativity. Students at upper secondary schools
face many difficulties concerning relativistic phenomena, and due to their abstract nature
teachers confront a lot of obstacles when trying to enhance students’ understanding. Thus, a
well-structured GPT which is based on a well-established educational framework can aid
teachers tackle the previously mentioned difficulties and challenges. One interesting feature
of the developed GPT is that it gives 3 options, and some key metrics based on which it offers
a comparison in order to help teachers take a better decision regarding the educational
approach to the subject they want to teach. Moreover, a pilot study was conducted so as to
observe the potential shift in teachers’ beliefs concerning the adoption of Al tools in the
classroom. In particular, teachers’ perspectives on the adoption of artificial intelligence-based
tools for personalizing teaching improved after the use of the developed GPT in their
educational design of a series of lessons regarding Special Relativity at upper secondary School
Level. The same results have emerged regarding the other 3 constructs; Al Knowledge, Al
Pedagogy and science teachers’ self-concept as regards their ability to teach relativistic
concepts have enhanced. More specifically, the scores of the participants after the
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intervention were statistically higher than their scores before the intervention in the four
before-mentioned constructs. After the intervention science teachers’ level of Al Knowledge
and pedagogy was increased and this led teachers to acquire a better view regarding Al
adoption in their classtoom and enhance their self-concept as far a teaching STR in high
school is concerned. These finding come as an addition to the effort of the educational
community to address the difficulties students face when trying to understand the concepts
of Special Theory of Relativity. So, this paper further confirms the benefits of Generative Al
tools in helping teachers to design high quality educational materials and didactic approaches.

5. Conclusions

The trigger of this research was the need of embedding the possibilities of generative Al
in Education. This can be accomplished in several ways, one of which is to be utilized by
teachers in their teaching design. As such, an educational program was designed that involved
the training of 14 science teachers of the generative ai concepts and applications. A
questionnaire was built based on previous research, that measured Al knowledge, Al
pedagogy, adoption of Al in education and self-concept concerning teaching Special Theory
of Relativity in upper secondary students. The results were very encouraging, showing an
improvement of teachers’ view regarding the 4 previous-mentioned constructs. One of the
research limitations is the small number of participants, but it has been, already, designed a
research with a large participant base for more accurate results. Al tools can have a great
impact on Education helping teacher in designing educational approaches tailored to students’
needs, provides students with feedback and suggestions according to their educational needs
and level of their writing skills, can reduce teachers’ workload (repetitive managing tasks, and
grading of simple assighments) and thus focus on more complex teaching tasks and explain
difficult concepts in simple terms, leading the users to understand complex subjects and thus
making them part of scientific developments. As such, more research should be carried out
in order educational scientist to unveil ways that can incorporate Al tools effectively in
education taking into account several concerns related to data privacy, responsible Al usage,
inaccurate and biased information provided by Al tools.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Conflicts of Interest: The author declares no conflict of interest.
Appendix A

Questionnaire
AI knowledge

I can distinguish whether a tool is Al-based or not.

I can create content with Al

I can explain what Al is.

I know how to choose the right Al tools to effectively complete a task.
Al pedagogy

I can choose an Al tool to use in my classroom that enhances what I teach, how I teach, and
what students learn.

I can choose an Al tool that enhances my teaching subject content for a lesson.

I can teach lessons that appropriately combine my teaching subject, Al tools, and
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teaching approaches.

I can help others coordinate the use of subject content, Al tools, and teaching approaches.
ChatGPT Adoption Intention

In the next weeks, I intend to use ChatGPT for my teaching preparation

Iintend to use ChatGPT to get the answers to my teaching-related questions.

I feel that I would use ChatGPT for teaching purposes.

I believe that ChatGPT would be beneficial and more helpful for my teaching work.

Self- Concept

I can give an overview of the topics of Special Theory of Relativity to my students
I can clearly present complicated issues of Special Theory of Relativity to my students

Now I see myself in the position to process a typical question of Special Theory of Relativity

coming from my students

I can work out the contradictions and similarities of learning content (e.g., contradictions

between different models or methods) of Special Theory of Relativity
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