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Abstract: In recent years, web novel submission platforms have emerged in Japan. Numerous online narratives
centered around fantasy worlds (or alternate worlds) have also seen publication. These works, collectively known
as “Isekai,” are a defining facet of contemporary youth culture in Japan. Our focus is directed towards exploring
the possibility of introducing educational practices rooted in scientific and logical thinking by using magic in
fantasy worlds. A spotlight is also cast on the educational potential of harnessing generative Al. Our objective is
to refine scientific interpretations concerning the principles and mechanisms of magical occurrences through
interactive dialogues between virtual learners powered by generative Al and real human students. Furthermore,
we place significant emphasis on utilizing microworld as a platform to materialize this style of learning. This
paper describes the construction and utilization of a simulated fantasy microworld featuring virtual learners, with

the intention of facilitating abduction-based learning.

Keywords: fantasy world, magic, scientific interpretation, abduction-based learning, generative Al

1. Introduction

In recent years, numerous web novel submission sites have
emerged in Japan. A plethora of online novels featuring
fantasy worlds (or alternate worlds) has also seen the light
of day. Several well-received pieces have been adapted
into novels, comics (manga), and even animated series.
Collectively known as “Isekai[1],” these manga, novels,
and animations stand as defining elements of
contemporary Japanese youth culture.

With this background, we are considering the
feasibility of introducing an educational approach focused
on scientific and logical thinking within a university course
centered around magic in fantasy worlds. As the first
investigation, our exploration involved assessing how
university students comprehend the underlying principles
of magical occurrences within these fantasy worlds[2]. We
assigned them the task of explaining the principles and
mechanisms governing magical phenomena known as
"fireballs" in such fantasy world. We observed that some
of the explanations were lacking in depth. We recognized
that no rationale was presented to explain the occurrences
of magical abilities and phenomena. Consequently, it
appears that a straightforward application of our proposed
educational methodology may not sufficiently cultivate a
profound understanding of scientific and logical reasoning.

We particularly emphasize the concept of abduction in
the context of fostering scientific and logical thinking.
Abduction, also known as hypothetical reasoning, involves
a process of analogical reasoning wherein hypotheses
(ideas) are formulated to successfully account for observed
phenomena using preexisting knowledge. Abduction is
also recognized as an effective approach in addressing
complicated problems. When our established knowledge
of the physical laws governing the actual world is applied,
the observed phenomena pertain to magical occurrences.
By concentrating on a fitting Isekai novel, these magical
phenomena can be considered as facts of a distinct
alternate world. Additionally, a hypothesis can be
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constructed to serve as an explanatory framework for the
occurrence of these magical phenomena.

To establish a conducive learning for the application
of abduction, we put forth the idea of leveraging generative
Al for educational environment[3]. Recently, generative
Al is strongly expected in education[4]. Our objective is to
enhance the precision of scientific interpretations related
to magical principles and mechanisms through an
interactive exchange between virtual learners employing
generative Al and actual human students. Generative Al
produces explanations that may carry an element of
uncertainty, thereby mandating the need for factual
validation. Nonetheless, considering the subject matter
revolves around magical occurrences in fantasy worlds, an
exhaustive grasp of formal knowledge is not imperative.
Instead, the unanticipated explanations generated by the Al
could potentially serve as valuable tools for real students,
aiding them in refining their skills in scientific and logical
thinking.

We are examining two distinct approaches to
abduction-based learning: (1) a form that highlights the
procedure of hypothesis generation and (2) an approach
involving hypothesis inference learning via microworlds.
In the first approach, the initially generated hypothesis is
presumed to be accurate, and subsequently, it undergoes a
process of refinement. Conversely, the second approach
establishes a virtual learning space (microworld) in which
learners can autonomously experiment with magical
phenomena and engage in abduction. However, both
methodologies might encounter challenges in achieving
effective learning outcomes based on the participants’
individual capacities.

Particularly, we emphasis on the latter form of
learning. We introduce a “learning companion” in the
shape of a virtual learner, facilitated by generative Al This
approach centers on enhancing the precision of scientific
interpretations concerning magical principles and
mechanisms through an interaction between a generative
Al-powered virtual learner and a real student, within the



context of a microworld. The generative Al generates
explanations with an element of uncertainty, necessitating
verification. Nevertheless, considering the context
revolves around a fantasy world, exhaustive factual
accuracy is not needed. Instead, the introduction of
extraordinary explanations beyond students’ conventional
thinking might be instrumental in refining their scientific
and logical reasoning skills. Furthermore, this approach
holds the potential to overcome potential learning plateaus
within the microworld. This paper describes a simulated
fantasy microworld incorporating virtual learners,
designed for abduction-based learning.

2. Simulated fantasy microworld

Fantasy worlds are imaginary worlds where things and
phenomena that do not exist in the real world, such as
fairies and magic, exist. However, there exist (or are
presumed to exist) physical laws like those of the real
world. In addition, such world is augmented with fairies
and magic. The fantasy world has similarity with the real
world. It can be accepted as natural. In many fantasy works,
“magic” exists. Many works not only consider magic as a
black box with only activation conditions and phenomena,
but also refer to why magic occurs and the mechanism by
which magic occurs by assuming particles called “magic

elements” called & 3% (maso) in Japanese that do not

exist in the real world. Some of such works focus on the
structure and principles of magic.

Fantasy worlds encompass imaginative
worlds where elements and phenomena that are absent
in the real world, such as fairies and magic, come to life.
Nevertheless, even in these fictional domains, there are
implied (or presumed) physical laws resembling those
of the actual world. The augmentation of such a world
is realized through the incorporation of fairies and
magic. This feature brings about parallels between the
fantasy realm and our reality. The notion of an “Isekai”
can be embraced as a natural extension. Within the
framework of numerous fantasy works, the concept of
“magic” holds a central place. While many works treat
magic as a mysterious enigma with mere activation
criteria and outcomes, there are instances where
explanations for the occurrence and the mechanics
underlying magic are elaborated. This is often achieved
by introducing hypothetical particles termed "magic
elements", which are absent from the confines of reality.
Some of these literary works delve into the very
structure and underlying principles that govern the
functioning of magic.

Taking inspiration from such narrative
frameworks, we embark on the design and development
of a simulated fantasy realm replete with magical
phenomena. We believe that this configuration can be
formulated by layering virtual rules governing magical
occurrences upon a simulated version of the real world
governed by physical laws. Furthermore, we envision
the inclusion of virtual human entities to serve as
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learning companions (virtual learners) within this
environment.

3. Abduction in fantasy world

Ilustratively, we consider the magical phenomenon of
“fireballs” shown in Fig. 1. A plausible hypothesis could
posit that “Magic elements, present in the atmosphere,
serve as foundational particles. These elements catalyze
the generation of magical power, which in turn, is
channeled to create fireballs and heat.” Nonetheless,
the mechanics underlying why magical power manifests
as fireballs and heat remains unresolved, presenting
itself as a black box.

Fig.1 Magic of fireballs

To delve deeper, one might develop a
supplementary hypothesis to elucidate this magical
occurrence. Yet, if the enigma persists, the formulation
of further hypotheses becomes a viable route. Given that
the generation of diverse hypotheses is an intrinsic
feature within the boundaries of the target fictional
universe, we hold the perspective that honing the skill
of generating detailed hypotheses can stand as an
invaluable learning experience, contributing to the
acquisition of adept abduction skills.

We focus on a hypothesis inference learning
facilitated through microworlds for abduction-based
learning. This approach establishes a virtual learning
environment, a microworld, where learners possess the
autonomy to engage in independent experimentation
with magical phenomena and partake in abduction
processes. However, it is important to acknowledge that
the effectiveness of this method might be limited by the
individual capabilities of the participating learners.

Consequently, our primary emphasis is
directed towards harnessing the educational potential of
generative Al. Our objective is to enhance the
comprehension of magical principles and mechanisms
by facilitating an interaction between a virtual learner
powered by generative Al and a real human student. An
illustrated depiction of this concept, outlined in Fig. 2,
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Characteristics of the magical

The magic power generates a ball of fire, and the fireball

phenomena occurring is further exercised by the magic power.

Why does magic power generate or move fireballs?

( . . )
(Hypothesis) Magic can heat matter.

(Explanation of combustion based on the hypothesis)
Magic heats dust in the air, creating a fireball through the
phenomenon of combustion.

(Explanation of movement based on the hypothesis)
Magic heats the air in the opposite direction of the
fireball, and the expansion of the air is used as kinetic

Principles of magic activation
(Level 1)

\e

nergy to cause the fireball to move.

J

Why can they be heated by magic?

Principles of magic activation

(Level 2)

(New hypothesis) Magic can heat matter by XXX.

Fig.2 Explanation of magical phenomena using hypotheses

elucidates how magic phenomena can be explained
through the engagement with a virtual learner. The
statements in the orange box are the questions from the
virtual learner to the real learner. S/he introduces XXX
as a new element or new concept in the answer for the
second question.

Incorporating generative Al introduces the
aspect of uncertain explanations. However, it is
important to note that, given the context of an alternate
world, the strict adherence to conventional factual
accuracy is not a paramount concern. Instead, the
introduction of unconventional explanations beyond the
conventional scope might prove instrumental in refining
students' skills in scientific and logical thinking. This
approach also holds the potential to overcome potential
learning plateaus within the microworld context.

4. Summary

We are currently in the process of implementing an
educational framework that fosters scientific and logical
thinking specifically within the context of magic
occurrences in alternate worlds. Our exploration centers
around the potential implementation of abduction-based
learning, wherein the focal objective revolves around
elucidating the principles and mechanics underlying the
magical elements present in fantasy worlds. To this end,
we are considering the utilization of microworlds as a

- 14 -

platform for learning. In this paper, we detailed the
construction of a simulated fantasy microworld that
features the incorporation of virtual learners, all
conceived with the aim of facilitating abduction-based
learning. It’s worth noting that the pursuit of this
research is made possible through the support of the
Kagawa University Research Promotion Program Grant
(Number 23K0E002).

[1]
(2]

Isekai, https://en.wikipedia.org/wiki/Isekai (access
23/08/25)

Toshihiro Hayashi:“Scientific Interpretation of
Magic Phenomena in Fantasy Worlds - How
University Students Think about It? -7, GAS Game
and Education Research Division Workshop,
2021-GE-1, pp.14-15(2022) in Japanese.
Toshihiro Hayashi, Naka Gotoda, Shuhei Fujisawa,
Kazuhiro Ura, Masanori Fukui, Kaori Kishi:
“Scientific Interpretation of Magic Phenomena in
Fantasy Worlds - How Generative Al as a Virtual
Learner Thinks about It? -”, GAS Game and
Education Research Division Workshop 2023-GE-
1, pp.10-12(2023).

Cem Dilmegani: “Top 6 Use Cases of Generative
Al in Education”,
https://research.aimultiple.com/generative-ai-in-
education/(access 23/08/25)
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An attempt to HMD attachment Olfactory Displays

Noriko Takimoto, Koichi Onuki, Yohei Seta, Yuichi Bannai, and Motofumi Hattori
Kanagawa Institute of Technology, Department of Information Media

Abstract: Metaverse is a virtual space which is constructed on internet. It is very meaningful that a user
(who is looking at the world of the metaverse ) also can feel scent of metaverse world and can feel winds in
metaverse world. If these are satisfied, the user can experience many important effects. These effects in
metaverse will be similar to the effects which the user can experience in the real physical world. Since the
Head Mounted Display ( HTC Vive Pro Eye ) can unify the real physical world and the virtual world made
by Unity, the authors developed an olfactory display which can be attached to the Head Mounted Display
(HTC Vive Pro Eye ). Since this Head Mounted Display has Eye Tracking System, the authors #3741
the position where the user is looking at in the virtual world. The ability of the developed olfactory display
is checked in VR 3D Gallery which was made as a Unity scene. The authors conduct many experiments
about scent in metaverse and wind in metaverse.
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Scientific Interpretation of Magic Phenomena in Fantasy Worlds
- How Generative Al as a Virtual Learner Thinks about It?

Toshihiro Hayashi, Naka Gotoda, Shuhei Fujisawa (Kagawa University)
Kazuhiro Ura (Ehime University)
Masanori Fukui (Tokushima University)
Kaori Kishi (Osaka Electro-Communication University)

Abstract: In recent years, there have been many web novel submission sites in Japan. Many online novels about
fantasy worlds (or otherworld) have also been published. Many media products called "Isekai[1]" are one of the
characteristics of today's youth Japanese culture. We consider if it would be possible to implement an educational
practice of scientific and logical thinking in a university class about magic appearing in fantasy worlds. We will
especially focus on the educational use of generative Al. The goal is to refine scientific interpretations of
magical principles and mechanisms through interaction by dialogue between virtual learners using
generative Al and real(human) student. This paper discusses what explanation generative Al as virtual
learner can generate as scientific interpretations of magical phenomena.

Keywords: fantasy world, magic, scientific interpretation, abduction learning, generative Al

1. Introduction

In recent years, there have been many web novel
submission sites in Japan. Many online novels about
fantasy worlds (or otherworld) have also been published.
Some popular works have been novelized,
comicalized(made into manga), and made into animation.
Manga, novels, and animation programs called "Isekai[1]"
are one of the characteristics of today's youth Japanese
culture.

With this background, we consider if it would
be possible to implement an educational practice of
scientific and logical thinking in a university class about
magic in fantasy worlds. First, we investigated how
university students understand the principles of magical
phenomena in fantasy worlds[2]. We gave them the task of
explaining the principles and mechanisms of magic called
“fireballs” shown in Fig.1 in fantasy worlds. As a result,
we found that some of the explanations were black-box. In
other words, we found that no explanation why magics and
magic powers can occur matter and phenomena. For this
reason, we think that simple implementation of our
proposed educational practices is unlikely to lead to
enough experience in scientific and logical thinking.

Fig. 1: Fireballs generate by Stable Diffusion XL
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As an extension of this educational practice,
we will focus on the educational use of generative Al
The goal is to refine scientific interpretations of magical
principles and mechanisms through interaction through
dialogue between virtual learners using generative Al
and real student(human). Generative Al generates
uncertain explanations, so fact-checking is necessary.
However, since the target subject is magic in fantasy
world, they do not need rigor of knowledge need. Rather,
unexpected explanations by generative Al could be
useful for real students to refine scientific and logical
thinking. This paper discusses what explanation
generative Al as virtual learners can generate as
scientific interpretations of magical phenomena.

2. Fantasy world and magic

Fantasy worlds are imaginary worlds where things and
phenomena that do not exist in the real world, such as
fairies and magic, exist. However, there exist (or are
presumed to exist) physical laws like those of the real
world. In addition, such world is augmented with fairies
and magic. The fantasy world has similarity with the real
world. Otherworld can be accepted as natural. In many
fantasy works, "magic" exists. Many works not only
consider magic as a black box with only activation
conditions and phenomena, but also refer to why magic
occurs and the mechanism by which magic occurs by
assuming particles called "magic elements" that do not
exist in the real world. Some of such works focus on the
structure and principles of magic.

Magics that appear in online novels is
strongly influenced by video game called RPG, as same
as the concepts of level, experience, and status. In some
works, the types, characteristics, activation methods,
principles, and mechanisms of magic are explained in
detail. Typical concepts of magic activation principles

are “magical power(J& /]) ” and “magical elements(f&
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Table 1: Typical magics ChatGPT output

Magic name Phenomena
Divination Gaining knowledge of the future or unseen through magical means.
Fireball A spell that conjures and hurls a ball of fire at the target.
Healing Touch A spell or ability that restores health and heals wounds.
Mind Control The power to influence or control the thoughts and actions of others.
Necromancy The dark art of manipulating and controlling the dead.
Time Manipulation The ability to alter or control the flow of time.
5%).” The definitions of these concepts vary from work ~ hypotheses can be generated in only the target novel

world, we believe that generating hypothesis in detailed
can be used as a learning experience for acquiring
proper abduction skills.

We consider two specific forms of abduction
learning: (1) abduction learning that emphasizes the
process of hypothesis generation, and (2) hypothesis
inference learning using microworlds. In the former, the
hypothesis generated is assumed to be correct, and the
hypothesis is refined. The latter, on the other hand,
prepares a virtual learning environment (microworld) in
which learners can independently experiment with
magical phenomena and perform abduction. Both
methods may fail to learn well due to the ability of the
participating learners.

Therefore, we focus on the educational use of
generative Al. We aim to refine the scientific
interpretation of magical principles and mechanisms
through a wvirtual learner interaction between a
generative Al and the student. Generative Al generates
uncertain explanations, so fact-checking is necessary.
However, since the subject being handled is other world,
rigor of knowledge need not be a concern. Rather,
outlandish explanations that students do not conceive of
could be useful for refining scientific and logical
thinking. It is also possible to escape from the situation
of learning plateau in the microworld

to work. For example, some works explain that magical
elements are particles that exist in the air (and do not
exist in the real world), and that magical power is
generated from magical elements, and that magical
power is used to invoke magic that interferes with the
world.

3. Abduction learning with generative Al

Abduction (hypothetical reasoning) is a method of
reasoning by analogy, in which hypotheses (ideas) that
can successfully explain observed facts based on
existing knowledge. It is also said that abduction is an
effective approach to solving complex problems recent
VUCA world. If the existing knowledge is our
knowledge of the physical laws of the real world, the
observed facts are magical phenomena. This magical
phenomenon can be treated as a fact of a certain other
world by focusing on an appropriate Isekai novel. A
hypothesis can also be taken as an explanation of why
the magical phenomenon occurs.

As for the phenomenon of magic called
“fireballs”, we can hypothesize it like "Magic elements
are particles that exist in the air. Then, magic power is
generated from magic elements. Finally, magic power is
used to generate fireballs and heat”. However, it has not
been explained why magic power can generate fireballs
and heat, leaving it as a black box. We can further
formulate a hypothesis to explain the magic
phenomenon. If the black box is still not fully explained,
further hypotheses can be formulated. Since various

4. Virtual student by generative AI

We are currently investigating how virtual learners with
generative Al generate explanations as scientific

Table 2: Why fireballs cannot be occurred?
Element Reason about difficultness
Fire requires an initial ignition source to start. In the case of a fireball spell, the fire seems
to appear out of thin air without any visible source of ignition. In reality, fire requires a fuel
source (such as wood or gas) and a heat source (such as a spark or flame) to initiate
combustion.
Fireballs are typically depicted as self-sustaining, meaning they continue to burn and emit
flames until they dissipate or hit a target. In reality, sustained combustion requires a

Ignition Source

Combustion continuous supply of fuel and oxygen. Without a visible source of fuel, it is challenging to
sustain a fireball for an extended period.
Fireballs are often shown flying through the air, propelled towards their targets. However,
Flight fire alone does not possess inherent propulsion capabilities. Objects typically require a force

or an engine to propel them through the air, such as an explosion or mechanical means like
a rocket engine.

Fireballs in fantasy often have a defined spherical shape, maintaining their structure as they
Shape and Stability | travel. Flames in reality tend to be chaotic and irregular, lacking the stability required to
maintain a consistent shape.

-11 -



interpretations of magical phenomena. This paper
describes the basic knowledge of generative Al about
magic in other world. Based on examples of scientific
interpretations of magical phenomena, we also discuss
the potential of virtual learners with generative Al in
learning abduction.

We investigated what knowledge of magic in
the other worlds the generated Al has, by giving it a
prompt “In the fantasy world represented in light novels
and other works, a wide variety of magic exists. Please
provide at least 20 examples of names and phenomena
of typical magic used in fantasy worlds” 10 times. Table
1 lists the magic that appeared in every answer. These
are well-known magic in fantasy worlds. Although the
sample is too small to determine whether the generative
Al has proper knowledge of magic in other worlds, we
believe that it provides some supporting evidence.

Next, we investigated what scientific
interpretations of magical phenomena the generative Al
outputs. The following is an example of ChatGPT’s
answer, by giving it a prompt “Fireball is a typical magic
in the fantasy world. Please explain how fireballs are
generated and fly.” This answer can be divided into
three parts: (1) negation based on physical laws, (2) list
of specific reasons for the negation, and (3) supplement
to the negation. The following text is the output
sentence (1).

In the real world, the concept of generating and
throwing fireballs as depicted in fantasy is not
possible using the laws of physics and chemistry as
we currently understand them. Fireballs, as
commonly portrayed in fantasy, typically involve
the instantaneous creation and manipulation of fire
without any physical fuel source.

Table 2 shows the output sentences for (2) edited into a
table (ChatGPT did not automatically output the table).
The following is the output statement (3).

It's worth noting that in the realm of fantasy, the
laws of physics and chemistry are often suspended
or altered to allow for magical phenomena like

-12 -
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fireballs. These concepts are part of the
imaginative  world-building and  storytelling
aspects of fantasy literature, movies, and games,
rather than being based on scientific principles.

While we can appreciate the creativity and
excitement of magical fireballs in fantasy settings,
it's important to recognize that they don't align with
our current understanding of the natural world.

ChatGPT's explanation is well-reasoned and we believe
it is helpful for expressing one's opinion well, but it is
not appropriate for abduction because it is a negative
opinion. Depending on how the prompt is given,
ChatGPT may explain magical phenomena based on
abduction. Although the appropriate prompts are still
under our research, we believe that the possibility of
introducing virtual learners with generative Al into
abduction learning will increase.

5. Summary

We are designing an educational practice of scientific
and logical thinking for magic that appears in other
worlds. We examine the possibility of abduction
learning in which the task is to explain the principles
and mechanisms of magic appearing in fantasy worlds.
Abduction learning that emphasizes hypothesis
generation and abduction learning using microworlds
will be used as specific learning methods. This paper
described the possibility of introducing virtual learners
with generative Al to abduction learning. This research
is supported by Kagawa University Research Promotion
Program Grant Number 23K0E002.
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