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Abstract

Chapter 1: Introduction

In recent years, the evolution of artificial intelligence (AI) has been remarkable, and its range of
applications is rapidly expanding. In the medical field, Al applications are being integrated into products
such as endoscopes for cancer screening and definitive diagnosis support, attracting attention as innovative
technologies. Image recognition Al, which has the ability to recognize specific objects or patterns from
image data, is being applied in medical diagnostic support and autonomous driving. For example, in
regenerative medicine, quality control is often performed through subjective identification. This presents
issues such as the lack of uniformity and accuracy in quality. Additionally, insufficient information sharing
between medical and research institutions is also a challenge. To address these issues, the first objective
of this study is to develop and validate effective image recognition applications that can provide stable
products with expert—level identification capabilities using image recognition Al. Another direction for
medical applications is to consider that most of the current support in the field of therapeutic education is
passive training support in the form of teaching materials. Ideally, interactive support tailored to individual
characteristics would be ideal, but resource issues and the provision of individual teaching materials have
not been resolved. Here, conversational Al, which has the ability to generate natural dialogue, is beginning
to be used for communication therapeutic support for developmental disabilities and entertainment. In
examining this applicability, there is a problem that subjective opinions are biased due to the difficulty of]
quantitatively evaluating the psychology and behavior that support communication. This results in the
inability to accurately assess the necessity and effectiveness of support. To solve these issues, the recent
trend is to develop applied technologies that utilize conversational Al to quantitatively evaluate children’s
communication and behavior. By conversing with conversational Al, a system that can visualize the
correlation between emotional fluctuations and heart rate using biosensors (heart rate monitors) is proposed
as the second objective of this study, aiming to develop next—generation tools for tension relief support.
The purpose of this study is to construct and evaluate the practicality of (1) a regenerative medicine cell
quality management system that can provide cultured cells with safe and stable quality (Chapter 2), and (2)
a communication support application system for children with developmental disabilities using
conversational Al (Chapters 3 and 4). The goal is to prototype and examine the usefulness of each element
technology in each field for future development that integrates these technologies.

Chapter 2: Human Subjective Judgment Bias Revealed by Automated Measurement Techniques in
Confluency of Mesenchymal Stem Cells

The quality of therapeutic cells in regenerative medicine is extremely important from a safety perspective.
Currently, cell quality control relies on manual work involving subjective judgment by skilled personnel
through microscopic observation, posing challenges in evaluation efficiency and quality stabilization. By
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using image automatic recognition Al, it is expected to objectively and quantitatively measure cell viability,

proliferation rate, and functionality, thereby improving the safety and effectiveness of regenerative medicine
through more reproducible quality control. Additionally, Al can efficiently manage and share information|
related to cell quality. Furthermore, automation of the production process is expected to improve
production efficiency and enable mass production. However, ICT implementation involves high costs. The
introduction of equipment and system development can be expensive, potentially leading to high costs.
Considering these challenges, the study conducted the establishment of cloud—based network technology
for cell growth prediction and visualization methods, as well as verification related to the quantification of]
regenerative medicine cells.

Chapter 3: Emotional Features of Short Conversations between a Generative Al-Controlled Virtual
Communication Trainer and Four Children

In recent years, the number of cases in pediatric psychiatry with developmental disabilities and
communication disorders has been increasing, becoming a social issue. While there is a hypothesis about
the etiology of the internet society, chat—type generative Al, which emerged with the development of
machine learning technology, is hypothesized to contribute to communication training. In this study, a|
prototype tablet PC system was developed that displays dialogue with ChatGPT through the voice and
expressions of a 3D moving boy avatar using the free application “VRoid Studio.” For evaluation, qualitative
emotion evaluation was conducted using Google BERT. The results showed that the Al avatar tended to
respond significantly faster than children, and children tended to take longer to respond in expressing
neutral emotions compared to positive emotions, which was not observed in the Al avatar. These results
indicate important improvement requirements for the development of an Al avatar and child interaction
system that fosters socio—emotional humanity.

Chapter 4: Design of a Conversational Voice Visualization System in Alerting an Interlocutor’s Elevated
Heart Rate Using Chat—Type Generative Al

In Chapter 3, we aim to develop support technologies for the treatment of intractable developmental
disorders through a generative Al communication therapy application. Considering the coexistence of|
adjustment disorders and emotional disorders in developmental disabilities, we attempted to expand the
functionality of the current prototype based on biosensing that reflects changes in psychological states.
Specifically, we focused on heart rate, an indicator known for its dependency on negative psychological
dynamics such as tension. We developed a prototype application that intervenes in conversations when the
heart rate exceeds tachycardia (100 bpm) and informs the user of their heart rate to help alleviate tension.
Furthermore, we evaluated the technology with the restricted chat—type prototype between fourteen of]
Autistic children and the similar aged ones who randomly participated in a public events. Consequently,
the technology visualized specific differences in the patient group.

Based on the prototypes and verifications referencing the fields of regenerative cell medicine and
communication therapy, we confirmed the potential for advanced interactive product management systems
and the scalability of treatment for intractable diseases by combining image recognition Al, generative Al,
and physiological monitoring technologies according to the purpose. In future developments, which involve
the quantitative analysis of human sensitivity evaluation—a task generally considered difficult in the field of
machine development—we aim to realize applications that better guide individual interests and superior
characteristics through interdisciplinary approaches based on neuroscience, such as concretely visualizing
and sonifying dialogues with images, videos, and music, ultimately aiming for the essential well-being of]
humanity.
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