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Abstract

In recent years, generative Al using large language models has come to make dialogue systems
converse as if they were human. As the linguistic capability of dialogue systems improves, their
anticipated roles are going beyond merely transmitting information, such as being long-term
partners. Systems are expected to support people personally through linguistic communication.
The importance of how systems interact with humans and build supportive relationships is
increasing, and social adaptability and personal compatibility issues similar to those in human
relationships emerge. Therefore, interactions with a generative Al-based dialogue system were
investigated to improve relationships between humans and dialogue systems.

A dialogue system was developed to communicate with the subjects in natural language via
voice, featuring a human-like facial expression function. These communication abilities were
achieved with generative Al. The system interacted with healthy adult subjects in the
communication experiment using three interaction settings. The one-to-one dyadic interaction,
triadic interaction with joint attention to a topic, and non-communicative settings were designed
with reference to the developmental stages of children’s social communication ability. The system
demonstrated its communication abilities in the dialogues, behaving differently depending on the
settings. Subjective evaluations of the system and the dialogues were conducted through the
questionnaire regarding the dialogue quality and the system impression. The evaluations resulted
in various responses. The results were analyzed from two perspectives regarding the system: how
it should interact as a social being and how it can be personally accepted by individuals.

To investigate the system’s social behavior, the dialogue evaluations were discussed based on
the interaction structures, that is, the positions the system took in the interactions. The
communication experiment was conducted under the hypothesis that the progressive development
of interaction structure in the system settings would improve the system’s interaction and provide
favorable dialogues for the subjects. The hypothesis was partially confirmed. The dialogues with
the system received positive evaluations on the basis of well-constructed interaction structures.
The system’s inappropriate behavior in failed structures decreased the quality of the dialogues

and worsened the evaluation of the system. The interaction structures in the system settings



needed to match the structures intended by the subjects. Under the matching and successful
construction, the system fully demonstrated its dialogue capability and behaved pleasantly for the
subjects. When the constructions were successful, the more advanced triadic interactions were
evaluated more positively. By switching interaction structures in systems to adapt to users’
demands, the structures can be successfully constructed between users and systems, and the
behavior would become more appropriate for users. Socially correct behavior of systems,
adapting to social contexts on partners’ intention and expectation, affects users’ evaluations
similar to interpersonal relationships. Dialogue systems could build better relationships through
the interaction in well-constructed interaction structures.

To investigate individual preferences regarding the system’s behavior, the diverse subjective
evaluations among the subjects from the communication experiment were discussed. The links
between the evaluations of the system’s impressions and the dialogue quality were analyzed for
each subject using hierarchical cluster analysis. Based on the analysis results, the dialogue
system’s properties were classified into two types: generally and individually relational to a
positive evaluation of the dialogue. The former included inspiration, a sense of security, and
collaboration, while the latter included a sense of distance, personality, and seriousness. In
addition, it was also shown that human-like behaviors were preferred in the dialogues. Properties
of generally relational type are expected to improve dialogues for most users. Properties of
individually relational type influence users’ perception depending on individual preferences, and
adjusting them can contribute to the personalization of systems. A design approach in accordance
with individuality would be useful for making human-like dialogue systems more compatible
with users.

In this thesis, ways to build better relationships between users and dialogue systems were
explored. It was clarified that adjusting interaction structures is effective for adapting to social
contexts, and adjusting system properties is effective for improving relationship compatibility.
Appropriate and favorable behaviors of systems can be achieved with these adjustments. These
findings contribute to building better relationships with advanced dialogue systems and realizing

human well-being supported by future systems.
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Chapter 1

Introduction

1.1 Dialogue Systems as Communication Partners

In recent years, interactive systems that humans can operate in natural language are in demand
and have been put into practical use. Dialogue systems, such as customer support chatbots on
corporate websites and virtual assistants, are becoming part of daily life. They are mainly used in
temporary interactions replacing human workers. For example, answering vague questions, which
is a task previously performed by humans in inquiry services, is handled through linguistic
processing and searching. In the near future, along with the development of relevant technologies,
dialogue systems are predicted to build longer-term and closer personal relationships with users
[1]. Such relationships would be built to provide more personalized and effective support for users.
If supportive relationships are built, mental benefits could be provided in addition to conventional
practical benefits.

It has been shown that systems can demonstrate human-like value in communication. The
media equation, which suggests that interactive systems can be perceived as equally human [2],
is widely recognized. Conversations with chatbots have positive psychological effects similar to
conversations with humans [3], and apologies from robots have value for people [4]. Through
communication, people mentally influence each other, which directly affects their well-being and
often triggers practical actions that affect their quality of life. As interactive systems could also
influence users in a similar way, they are expected to provide support from both practical and
mental aspects. Systems can be helpful partners for people supporting their life through
communication in personal relationships. Dialogue systems equipped with advanced linguistic
abilities are increasingly expected. This is because language plays a crucial role in human

communication.



1.2 Human Communication Based on Language

Communication is essential for humans as social beings. Linguistic communication is especially
important in social activities. Through conversation, people develop shared understandings and
build relationships of trust and cooperation. Due to its importance, people have been interested in
linguistic communication skills. There are many instructional books on speaking and listening
skills [5, 6]. People’s ultimate goals in using these skills are not merely to enhance linguistic
ability. They generally aim to build relationships in which they are trusted and listened to by
others through face-to-face conversation [7, 8]. Based on those relationships, they benefit from
each other. Linguistic communication is a primary tool for building relationships.

Some people are engaged in linguistic communication to build trustworthy relationships in
their profession. Healthcare professionals are a representative example. In the medical field, it is
first necessary to build a relationship of trust in order to hear the patient's story, make a diagnosis,
and provide treatment with the goal of achieving health. While treatment is conducted for the
patient's benefit, this is not acceptable without trust. Therefore, methods for conducting interviews
and engaging with patients are proposed [9, 10]. Particularly, mental health care providers give
special attention to such relationships. Treatment is provided through linguistic communication
within a trustworthy relationship [11, 12]. For such important benefits, interpersonal relationships
built through linguistic communication are fundamental.

At the same time, human relationships can also have negative aspects. Relationships in care
work are built for treatment based on their profession without involving personal selves. However,
relationships tend to be personal. For example, personal self-disclosure is sometimes used during
the process of relationship building in care work [13], and such relationships in their work
involving personal feelings and stances can become a burden [14]. Not only in the medical field,
but also jobs in the service industry involving conversation often carry a burden in relationships,
so-called emotional labor [15]. These are negative effects resulting from unintended interpersonal
relationships formed through situations that require linguistic communication.

It goes without saying that in personal relationships, people can be made happy or sad by what
friends, family, and others say. People live in interpersonal relationships built through linguistic
communication, giving, taking, and co-creating practical and mental benefits. Naturally, such
relationships are a matter of great concern for them.

Research on interpersonal relationships has been conducted from multiple viewpoints.



Developmental science investigates how humans develop the ability to build relationships. Social
developmental stages of recognizing and interacting with others as children become mature
humans are studied [16]. In the fields of psychology and sociology, it is approached to resolve
interpersonal conflicts and achieve well-being [17, 18]. The issues include how to tell others about
oneself [19], how to build relationships at the first meeting [20], and what the ideal state of such
relationships is, and how to maintain it [21]. Building better relationships is also addressed as an
important issue in education. Students from kindergarten to university learn how to express their
thoughts and emotions, how to convey and receive feelings with others in their society [22, 23,
24]. Social skills, the ability to build and maintain relationships with others effectively, have
become highly valued in recent years [25]. These are a subject of considerable interest, including
among adults. In these various fields, linguistic communication is regarded as an essential element

in managing interpersonal relationships.

1.3 Dialogue Systems with Human-like Linguistic Capability

Generative Al using large language models has emerged, making dialogue with systems more
human-like. Systems can generate new sentences as if they had their own mind. For example,
ChatGPT-4 (OpenAl) demonstrated advanced linguistic abilities, answering a theory-of-mind test
including a false belief scenario correctly, and the score matches the performance of six-year-old
children [26]. Additionally, it was recognized as a human in a Turing test [27]. Dialogue systems
based on generative Al have acquired advanced linguistic abilities that allow them to converse as
if they were human.

To date, interactive robots and systems have tried to become partners with humans. They
aimed to become friends [28], invited cooperation from humans [29], and talked about existing
relationships involving users [30]. Even non-interactive products have been designed to evoke
affectionate emotions in addition to their functions [31]. What they needed was to be recognized
as members of human relationships, through attachment, collaboration, and relational knowledge,
and to work as full participants in each situation. While they were welcomed, they have remained
in a secondary role in most cases, such as in care work with pet robots [32]. They could not take
part in conversations, although this is an important part of building relationships. Now, generative

Al-based dialogue systems are emerging as conversational partners much like humans. They can



talk in natural language using broad knowledge and join conversations with human users. In
human interpersonal relationships, linguistic communication is a primary tool for building
relationships. Human-like linguistic capability would help interactive robots and systems become
members of their users’ interpersonal relationships.

However, generative Al-based dialogue systems have had mere ability to converse and have
not had social ability to handle relationships yet. What matters to people is not conversation itself,
but the interpersonal relationships built through it. Dialogue systems with human-like linguistic
capability are expected to provide benefits similar to those in human relationships, that is, they
need to handle relationships through conversation. On the other hand, although linguistic
communication between humans has been widely explored, no single correct method has been
identified for building and maintaining relationships. It is often concluded that people should
manage relationships by adapting to each case and individual as fellow human beings. Therefore,
what exactly systems should do has also been uncertain. It is necessary to explore how dialogue
systems with human-like linguistic capability handle relationships through linguistic
communication as social beings participating in human relationships.

Furthermore, when dialogue systems participate in human relationships with their social
abilities, they can support not only human-computer interaction but also human-human
interaction. In today’s society, collaboration in confirming each other’s intentions through
linguistic communication has come to be valued in humans, rather than simply engaging in joint
actions. Increasing attention to social skills is one reflection of this. Tools assisting with
interactions will be welcomed, just like tools for strength or vision. Dialogue systems could stand
by people as linguistic data processors, interpreters between people, and instructors in activities,
sharing the effort in their personal relationships. They would be helpful partners for people
supporting their life in relationships through linguistic communication from both practical and
mental aspects.

Interpersonal relationships have various aspects, such as the handling changes depending on
whether the relationship is being built or maintained. Dialogue systems will require much further
development of social abilities to handle relationships. This thesis investigates how to build better
relationships with humans as the first step of systems’ social development, so that systems can

become supporters of human well-being.



1.4 Structure of This Thesis

This thesis presents approaches for dialogue systems with human-like linguistic capability to
become social and favorable partners in human life through communication. A human-like
dialogue system based on generative Al was developed for investigation. The communication
experiment between the system and human participants was conducted. The results of the
system’s operation and participants’ subjective evaluations are analyzed and discussed. There are
two concepts regarding the system: how it should interact as a social being, and how it can be
personally accepted by individuals.

Chapter 1, Introduction, introduced the aim of this thesis with background.

Chapter 2, Human-like Dialogue Systems in Human-Computer Interaction, reviews previous
research on dialogue systems, focusing on their development toward more human-like interaction.
Social interaction ability and relationship compatibility are mentioned to indicate the two
concepts of this thesis.

Chapter 3, Development of Generative Al-based Dialogue System, describes the development
of the dialogue system and the design of the communication experiment. Outline of the dialogue
system operation and the subjects’ responses is indicated. Experimental results are summarized
in this chapter and examined in detail from each viewpoint in the following chapters.

Chapter 4, Subjective Evaluation of Generative Al-based Dialogues, considers the
construction of interaction structures. Subjective evaluations of the dialogues with the system in
different interaction structure settings are investigated to clarify how the system interacts as a
social being.

Chapter 5, Generative Al-based Dialogues Considering Individual Preferences, considers the
properties of the dialogue system. Evaluation items are investigated to clarify what properties can
be generally or personally well-received by individual subjects.

Chapter 6, Conclusions, summarizes the findings and describes future work.

Figure 1.1 shows the structure of this thesis.
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Chapter 2
Human-like Dialogue Systems

in Human-Computer Interaction

2.1 Dialogue Systems

Dialogue systems are interactive systems that engage in communication with humans using
language in the field of human-computer interaction. When dialogue is interactive, people often
perceive their dialogue partner as human-like, even if it is clearly non-human. Even early dialogue
systems using simple pattern matching gave a human-like impression. This is natural considering
that similar conversational strategies are also used in human-human conversation, such as
answering relevant words based on the conversation partner’s utterance and repeating what the
partner said [33]. Assisted by such human recognition, interactions with dialogue systems have
been accepted as conversations without particular difficulty. Conversational human-computer
interaction with dialogue systems is helpful due to its ease of use. Users can operate systems in a
way similar to everyday human-human conversations, without prior knowledge of the systems.
Dialogue systems with easy to talk to appearances have shown a certain level of success in actual
use, such as guidance characters on digital signage installed at train stations [34].

More human-like conversations have been considered effective in improving relationships
between users and systems. Some conversational software applications have been developed to
make interactions more human-like by introducing emotions, personas, or personal stories [35,
36, 37]. Contests involving systems that engage in casual conversation with people have been
held [38]. These systems have been greeted with joy and attention. However, it has also been
shown that human-like performance is sometimes perceived as unpleasant [39]. The uncanny
valley hypothesis, which concerns eerie feelings arising as human-likeness increases, is

inconclusive [40]. This is still a complex issue regarding user feelings toward human-like systems,



including dialogue systems. Previous research on chatbots’ responses shows some necessary
characteristics for positive user experiences, while the answers to each question, choosing the
preferred chatbot’s response, in the survey, were mixed [41]. The best response differs from
person to person.

Dialogue systems have developed and become more human-like. As a result, they have come
to need to adapt their behavior to users’ situations and personal preferences. In personal
relationships, it is natural that people have various ways of interacting with others and perceive
them differently, depending on personal factors. When systems relate to users personally, they are
required to adapt to the range of individual differences. The more personal the relationship, the
more important it is that the behavior during interactions is acceptable to individual users.
Behaviors of dialogue systems are further developing. Systems have acquired advanced linguistic
abilities using generative Al, have developed their non-verbal behavior in conversation [42], and
are attempting to handle participants’ emotions in conversations [43]. Such advanced features
would improve the quality of conversations with systems, and advanced behavior resulting from
those would make users more selective. Dialogue systems that communicate with human-like

capability should develop their behavior while adapting to each user’s purpose and preference.

2.2 Human-like Social Interaction

As stated in Chapter 1, linguistic communication is essential in human society. Because of the
importance, generative Al-based dialogue systems that can converse like humans attract high
expectations. Language is used to influence human behavior. Next-generation Al agents [44]
including management of everyday issues in healthcare, education, and whole lifestyles [45, 46,
47] need dialogue systems as actuators to influence and assist users’ activities using their linguistic
capability. For such an interventional purpose, it is necessary to consider that humans are unlikely
to accept words without basic relationships. They first build cooperative relationships through
conversations to confirm their situation and reliability before accepting intervention. If systems
work using language in order to assist and sometimes instruct human behavior, they should first
build supportive relationships with users as well. Building relationships is precisely a social action.
They should interact with users socially in human-like ways, adapting to social contexts according

to their conversational partners’ intentions and expectations. Systems’ linguistic abilities need to



be used with social abilities.

The importance of social interactions with users is shown in other perspectives. While humans
tend to perceive only living beings as communication partners, they sometimes feel a sense of
animacy, recognizing non-living things as living [48]. Especially, when the objects indicate social
or communal relationships interacting with each other, a sense of animacy and empathy toward
the objects can arise even if the objects are geometric figures [49, 50]. An example of animacy on
geometric figures is shown in Figure 2.1. Additionally, although ordinally brain cortical activity
differs when interacting with objects versus living beings [51], it has been shown that the brains
of patients with autism and Asperger syndrome who have social communication difficulties
indicate activity similar to that observed in object interactions, whether they are interacting with
humans or objects [52]. Communication and building relationships through it are based on
recognizing someone or something as a partner capable of social interaction. Interacting socially
would help dialogue systems be recognized as partners.

Regarding human social interaction ability, it has been shown that infants have higher level
interaction abilities for social relationships, such as sharing goals, compared to apes [16]. These
abilities develop through interactions with others. Children learn how to relate to people by
imitating familiar adults’ behavior in interactions [53]. The ability to build relationships gradually
develops through interactive communication. Some behaviors observed in early childhood that
attempt to share attention with a partner are shown in Figure 2.2. Since human attention is shown
in head movement [54], turning one’s face toward something of interest and toward what a partner
is gazing at is a way of sharing interests in social communication. Children begin to visually
follow people and objects around them as their eyesight develops from around three months, and
they also start to make eye contact. Next, they attempt to share attention with others. This is called
joint attention in the field of developmental science, an essential development for social
relationships in human communication at around nine months [16].

Development of social abilities in children, such as joint attention, has been referenced and
applied to communication robots to improve their interaction in the field of developmental
robotics [55, 56]. For instance, the fundamental communication skills related to theory of mind
are applied to robots and show the potential for application [57]. Therefore, applying human-like
social interaction behaviors in conversation to dialogue systems is expected to help build
relationships with humans. Particularly, the essential social behaviors, which are observed during

the developmental stages of children, would be necessary for systems.



(a) The acute angles of the triangles are pointing toward the circle.

Yy ¢ ¥
AO y
v

(b) The acute angles of the triangles are oriented at 90 degrees to the direction of the circle.

Figure 2.1. An example of animacy. The positions of the triangles and the circle are the same
in both (a) and (b). When people move the circle, they avoid the triangles feeling

targeted even if it is not necessary, more in the (a) case than in the (b) case [49].
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Joint attention. Direct the partner’s attention by pointing, and check the attention.

Figure 2.2. Examples of behaviors in early childhood. Children recognize the presence of

others and objects, and then attempt to share the things around them.
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Therefore, the dialogue system for the communication experiment was designed to be
equipped with human-like social interaction behavior, with reference to child development.
Chapter 3 describes the dialogue system and the communication experiment. Chapter 4 discusses
the system behavior focusing on interaction structures that communication participants construct
during conversation. The system participated in the constructions as a social being in the

interactions with the human subjects.

2.3 Relationship Compatibility Between Users and Systems

As is often remarked, relationship compatibility is a key factor in personal relationships.
Advanced human-like dialogue systems would be liked or disliked depending on users’ varied
preferences of interactions in interpersonal relationships. For systems, personality adaptiveness
can become a valuable feature [58, 59]. To be accepted in human personal relationships, systems
should adjust their properties depending on users’ preferences and the roles expected of them.
However, adjustments of system properties often include contradictory factors. For example,
politeness is one of the standard characteristics of dialogue systems [41]. In general, polite people
tend to be more liked, and systems are similarly liked. On the other hand, people sometimes
behave impolitely in close relationships to express their familiarity. In practice, while impolite
behavior of systems was evaluated by users as having humanity, it caused unintended discomfort
involving a risk of negative evaluations [60].

As an approach, system properties can be designed in correspondence to personality traits in
humans. It is possible to use characters whose personality traits have already been established.
This approach can be effective for users who prefer personality-driven system behaviors [61].
Positive feedback can be received through consistent behaviors based on the established
personality. Nevertheless, being anonymous or non-human is one of the distinctive features of
dialogue systems. This is sometimes an advantage in communication with users [62, 63]. The
behavior expected of systems differs from the behavior expected of humans. Users behave
differently toward humans and chatbots [64, 65], and productivity is the primary expectation for
chatbots [66]. Desired properties of dialogue systems with human-like linguistic capability may
differ from preferred personality traits in humans or characters.

Therefore, it is necessary to clarify what properties of dialogue systems influence users’
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evaluations. Additionally, system properties would have different effects depending on individual
preferences. The differences should be considered to adapt to individual users. Chapter 5
investigates the system properties considering individual preferences in system behavior to

improve relationship compatibility between users and systems for more favorable relationships.
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Chapter 3

Development of Generative Al-based Dialogue System

The dialogue system was developed using generative Al for the communication experiment,
which was designed for one-on-one linguistic communication with the system as a partner.
Human-like conversations were achieved by generating response texts in real time. The system
communicated with the subjects in natural language via voice and featured a facial expression
function, reflecting the fact that people communicate with others in voice-based and face-to-face
interactions in everyday situations. To investigate different types of behavior in communication,
the settings of dyadic and triadic interactions were applied to the system. These settings referenced
the change of interaction structures from dyadic to triadic in the developmental stages of children
regarding social communication. The dialogue system and the dialogue with the system were
evaluated through a questionnaire. The system demonstrated its communication capability in the

experiment.

3.1 Development of the Dialogue System

3.1.1 System Overview

A laptop PC was used for the dialogue system. The subjects input their voice into the PC
microphone. The dialogue system output voice, reading texts, from the PC speakers and displayed
facial expression images on the screen. The PC screen was masked except for the facial
expressions. An overview of the dialogue system is shown in Figure 3.1.

The dialogue was conducted in a question-and-answer format. The subject switched on the
microphone to input a voice comment and then switched it off. The dialogue system responded

to this. The system did not refer to what the subject had said in the previous turn. A generative
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Figure 3.1. An overview of the dialogue system.
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Figure 3.2. The face images displayed on the screen for five levels of

emotional expression.

Al, ChatGPT (gpt-3.5-turbo-0613 model, OpenAl), was used to generate sentences for the
dialogue system’s voice output.

The dialogue system for the communication experiment was a human-like communication
partner. To help the subjects feel this, a facial expression function was developed. It is known that
emotional information can be conveyed to humans through expressions by machine systems.
Regarding the emotional expressions, the effectiveness of combining different forms of
expression [67], using human-like expressions [68], and using color-based representations [69]
has been shown. Accordingly, the face image displayed on the screen of the dialogue system
changed the shape of the mouth and the face color, as shown in Figure 3.2. There were five levels
of emotional expression, with the images on the left side used to express more negative emotions
and the images on the right side used to express more positive emotions. To select the face image
related to a dialogue, ChatGPT (gpt-3.5-turbo-0613 model, OpenAl) was used. This feature did
not classify emotions in detail but simply determined whether the emotion was positive or
negative. It is known that cultural differences exist in emotional expression and classification
between Eastern and Western cultures. However, “happy” and “sad” are commonly used for
positive and negative emotions [70]. Therefore, the prompts for emotional evaluation included

the degree of happiness and sadness.
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Figure 3.3. Triadic interaction structure between a child, a partner,

and an object of interest.

3.1.2 Settings of Dyadic and Triadic Interactions

The dialogues were conducted in three types of interaction settings with reference to the
development of social interaction ability in early childhood. The referenced development is the
emergence of joint attention around nine months, which is considered an essential development
for social relationships in human communication [16, 71]. During stages of communication
development in children, relationships with someone or something begin as a one-to-one dyadic
interaction between oneself and a partner or between oneself and an object of interest. Next,
relationships progress to a triadic interaction involving joint attention between oneself, a partner,
and an object of common interest, as shown in Figure 3.3. At this stage of development, children
share objects with others and begin to cooperate as social beings.

This development of interaction structures from dyadic to triadic was applied to the interaction
structure between the dialogue system and the subject in the system settings. The dialogue system
interacted in the role of the child shown in Figure 3.3. The subjects were assigned to the partner
role. The topics were assigned to the object of common interest, since talking about a shared topic
was considered a joint and cooperative action. Figure 3.4 shows the interaction structures between
the subject, dialogue system, and topic. The system operated to construct the structures enclosed
by the dotted line in Figure 3.4 according to each setting.

Taking the case where the topic is “Which is better, orange or apple”, as an example, the
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behaviors of the system in each setting were as follows:

e In the dyadic interaction (between the system and the subject) setting, the system responds
to what the subject says. If the subject goes off-topic, the system follows the subject. For
example, the subject asks, “What do you like?”, the system responds, “One of my absolute
favorite hobbies is traveling. Exploring new places and experiencing different cultures brings
me so much joy!”

e Inthe dyadic interaction (between the system and the topic) setting, the system reads out the
prepared sentences one at a time and does not respond to what the subject says. For example,
the subject asks, “What do you like?” the system responds, “Both oranges and apples have
their own wonderful qualities!”

e In the triadic interaction (between the system, the subject, and the topic) setting, the system
responds on topic to what the subject says. If the subject goes off-topic, the system continues
to talk about the topic and sometimes points it out. For example, if a subject asks, “What do
you like?” the system responds, “I enjoy both oranges and apples, but my choice depends on

my mood or the season. They’re both nutritious and delicious fruits, don’t you think?”’

3.1.3 Algorithms

The prompts and the processing for the dialogue system in each setting are shown in Table 3.1.
In the vertical axis of Table 3.1, the actions of the subject and system are listed with the
progression of the experiment. In the horizontal axis, three types of interaction settings are
arranged. The subjects and the system communicated in Japanese, and the prompts were also
written in Japanese.

To generate responses, ChatGPT (gpt-3.5-turbo-0613 model, OpenAl) was prompted in its
system role to respond to a subject input in a polite tone with approximately 25 words, and in its
assistant role to provide a reply to a subject input or to provide a reply to a subject input on a
specified topic.

To evaluate emotions, ChatGPT (gpt-3.5-turbo-0613 model, OpenAl) was prompted in its
assistant role to provide a happiness degree and a sadness degree on a scale of 100, evaluating the
emotions present in a combination of a subject input and a generated response to this. The
difference in numbers between the degree of happiness and sadness was converted into five levels
with equal intervals, and these levels were used to select a face image.

Unity (Unity 2022.3.0, Unity Technologies) was used to integrate and present these functions.
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Table 3.1. The prompts to ChatGPT and the processing of the dialogue system

in the experiment.

Interaction setting

pll‘)olgrl'zsgsuizn Dyadic inte?action Dyadi? intergction Triadic interaction
(with subject) (with topic)
Neutral level facial expression image is displayed, and a standard phrase is
Start  announced, e.g., “Hello. The first topic is which fruit is better, orange or apple.
Let’s talk.”
Sltlltl’iI;Ct Some voice input, e.g., “I like an orange. I think, an orange is better.”
Prompt for a response: Prompt for a response.
Respond to a subject input Resp onc.i on tgp e to a
in a polite tone with subject input mna polite
approximately 25 words. All response.texts and faceftone of approx1.mately 25
image selections are words on a topic.
Prompt for emotional prepared in advance. .
evaluation: Rate happiness Prompt- for emotlonall
 and sadness on a scale of The gener.ated sentences evaluation: Rate happiness
Processing 100 about “a subject input about tOPlCS are cut into  [and sadness on a_scalg of
and a generated response”, appropriate lengths, and . 100 about “a subject input
The difference in face images are selected injand a gen'erated response”.
numbers between the the same way as the . The difference in
degree of happiness and chers, except for subject numbers betwe_en the
sadness is changed to five inputs. degree of happiness and
levels and used to select a sadness is changed to five
face image. 1eve1§ and used to select a
face image.
S{lsl:f;m A selected face image is displayed, and a response text is read out.

Repeat Subject turn, Processing, and System turn for 5 min.

End

A standard phrase is announced, “Thank you. That’s all for this topic. Please fill
out the questionnaire. Please talk to me after you’ve finished.”
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3.2 Evaluation of the System and the Dialogue

Japanese questionnaires were created for subjective evaluations: the pre-experiment questionnaire
and the post-dialogue questionnaire. The subjects were asked to respond to each item on a six-
point visual analog scale.

Before the experiment, the subjects’ conditions were surveyed. If the subjects’ mood,
sociability, and expectations for dialogue systems were especially negative, the evaluations would
be affected. The pre-experiment questionnaire confirmed these.

The subjects were asked about themselves using the following items: “Your mood” from
negative to positive, “Meeting people”, “Listening to people”, “Speaking to people”, and
“Becoming friends with people” from dislike to like, and “Talking to AI” (To make it easier for
the subjects to understand, the dialogue system was referred to as Al.) from negative to positive.

Additionally, a free-form comment section was provided. The pre-experiment questionnaire
sheet is shown in Appendices.

The post-dialogue questionnaire was provided for evaluations of the system and the dialogues.

For the dialogue system evaluation, items were developed with reference to research on
communication partners in Japan. The items from the research on the attractiveness factors of a
friend [72] were as follows: “Independent”, “Sincere”, “Inspiring”, and “Easy to talk to”. The
items from the research on the impression of the communication robot [73] were as follows:
“Awkward”, “Has personality”, and “Inhuman”. Additionally, “Friendly” was included with the
expectation that a friendly system would be evaluated positively as a dialogue partner.

For the dialogue evaluation, some subjects were asked what types of dialogue they consider
to be good in advance. Dialogue evaluation items were developed based on the answers. The items
for the dialogue evaluation were as follows: “Fun”, “It listens”, “Can have a smooth conversation”,
and “Want to talk about other topics too”.

Additionally, “Your mood” from negative to positive was asked, and a free-form comment

section was provided. The post-dialogue questionnaire sheet is shown in Appendices.
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3.3 Communication Experiment

3.3.1 Conditions

The dialogue system conducted first-meeting conversations with the subjects in the experiment.
The subjects were only told that there were three types of partners and were not given any prior
information about their respective settings. Social abilities for building relationships in first
meetings are exhibited in order to be recognized as a favorable conversational partner. In a first
meeting scene of interpersonal relationships, after talking for a while, one judges whether the
other person is someone who can communicate well with them, based on their satisfaction with
the conversation. The system interacted with the subjects in three interaction settings with
different stages of social ability development. The subjective evaluations of the system and the
dialogues were examined to investigate the effect of these differences on satisfaction with the
dialogues.

To avoid interference from others in the relationships between the system and each subject,
the experiment was conducted in a room with only the subject, and the contents of the dialogues
were not saved. The time series of the number of characters spoken during the experiment was

saved and used to verify that a dialogue had taken place.
3.3.2 Topics

The topics in the experiment were “Which is better: orange or apple, airplane or bullet train, and
summer or winter”, which did not contain a strong meaning or emotion for the subjects. When
subjects were asked to talk about emotional topics in pilot experiments, the results showed
differences in the degree of feelings depending on their chosen topics, and some subjects felt a
resistance to talking. Although exchanging emotions is important in communication, research on
emotional conversations and conversation contents was not the purpose of this study. Therefore,
topics with a strong meaning or emotion were avoided to ensure the equality of the experimental

conditions.
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3.3.3 Subjects

The subjects were 13 healthy adults (5 males, 8 females, age 35.8 £ 14.4 years) including
university students and working adults. It was confirmed in advance that they do not feel specific
difficulty with communication.

The contents of the experiment were explained to the subjects in advance. Informed consent
was obtained from all subjects involved in this research. The experiment involving human
participants was conducted with careful consideration in accordance with Research Ethics at Kobe

University.

3.3.4 Experimental Procedure

1. The subject inputs any voice, such as hello, into the system.
2. The dialogue system announces a topic and starts a dialogue.

After five minutes, the system announces the end of a dialogue and asks the subject to fill out

the post-dialogue questionnaire.

These steps were repeated for the three types of system settings. When three dialogues were
completed, the dialogue system announced the end of the experiment.

When the experimenter explained how to talk with the dialogue system, the subjects practiced
talking with the system for up to two turns. Considering that impressions would change depending
on order, the order of the settings was switched for each subject to ensure equality. The six
possible orders for the three settings were assigned to the subjects in the order of their
participation in the experiment. Regardless of these orders, the topics were presented in the
following fixed order: fruits, transportation, and seasons.

The experimental procedure is shown in Figure 3.5 and an overview of the system workflow

in the experiment is shown in Figure 3.6.
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Figure 3.5. The experimental procedure.
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3.4 System Operation in Communication with the Subjects

All the subjects who participated in the experiment communicated with the dialogue system. They
responded to the pre-experiment questionnaire and evaluated the system and the dialogues
through the post-dialogue questionnaire.

The average and standard deviation of the results for the pre-experiment questionnaire are
shown in Figure 3.7. In the responses, one subject rated “Talking to Al item the lowest value of
1. This was the only one especially negative response. All the other ratings were between 3 and
6. The one subject who dislikes dialogue with systems evaluated the dialogue in the dyadic
interaction (with the topic) setting the highest. The subject might have perceived the one-sided
system as the system requiring the least effort to communicate.

The average and standard deviation of the results for the post-dialogue questionnaire are
shown in Figure 3.8. The system behaved differently in each applied setting. The system in the
dyadic interaction (with the topic) setting, ignored the subjects in their interactions. The dialogue
evaluations in this setting were negative, and the dialogue impossibility was indicated in the free-
form comments. In the dyadic interaction (with the subject) and triadic interaction setting, the
dialogues took place between the subjects and the system. The evaluations were positive on
average, and there was no mention of the impossibility of dialogue in the comments.

The evaluation of dialogue quality was examined based on the total evaluation value for the
four evaluation items about dialogue. There was a strong positive correlation (r=0.9) between this
total value and the value of the “Your mood” item in the post-dialogue questionnaire, as shown
in Figure 3.9. The total value reflected the satisfaction with the dialogue.

The system’s face with emotional expressions was not mentioned in the free-form comment
section by any subject. The facial expression changed 18.0 + 4.4 times during the three dialogues
for each subject in the experiment, and the number of displays for each expression level was as
follows, from the most negative to the most positive: 0, 2.5 +£1.7,42+19,7.1£2.1,and 4.2 £+
1.4 times. This feature was naturally accepted by the subjects and did not leave a strong
impression. It seems that the system naturally expressed appropriate emotional responses to the
subjects. However, the experimental condition avoided emotional topics. Considering that the
most negative expression was never used, the dialogues in the experiment were likely light and
polite, typical of a first meeting. In such dialogues, the system’s somewhat positive emotional

responses probably did not have meaningful impacts. Further research on emotional dialogues
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Figure 3.7. The results for the pre-experiment questionnaire.

could provide additional findings regarding the effects of systems’ emotional expressions.

The system became a conversational partner in natural language in the two settings. The
subjects variously evaluated the system and the dialogues. When the dialogue system repeated
what they said, some subjects evaluated it as reassuring that the system understood what they
were saying, while the others evaluated it as mechanical and parroting. These were contrasting
evaluations for the same behavior of the system. The results of evaluations are investigated in
detail in the following chapters. In Chapter 4, desired behaviors of the system are discussed from
perspective of the social interaction. In Chapter 5, the properties of the system are classified based

on the cluster analysis results of the links in the evaluations focusing on individual preferences.
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Figure 3.8. The results for the post-dialogue questionnaire.
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Figure 3.9. The relationship between the dialogue evaluations and the subjects’ mood

after the dialogues.
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Chapter 4

Subjective Evaluation of Generative Al-based Dialogues

In this chapter, subjective evaluations of dialogues are investigated in the settings of paired dyadic
and topic-sharing triadic interaction structures. The settings referenced the change of interaction
structures from dyadic to triadic in the developmental stages of children regarding social
communication.

The communication experiment was conducted under the hypothesis that the progressive
development of interaction structure in the system settings would improve the system’s interaction
and provide favorable dialogues for the subjects. The hypothesis was partially confirmed. The
dialogues with the system received positive evaluations on the basis of well-constructed
interaction structures between the subjects and the system. When the construction failed, the
evaluations of the dialogue and the system worsened. If the construction succeeded, the dialogues
received more positive evaluations in the setting of the triadic structure, which is a developed
form of interaction. The structure in the system setting needed to match the structure that the

subject was oriented toward.

4.1 Methodology

Dialogue systems with human-like linguistic capability should behave socially for building
relationships with humans. Essential social behaviors are observed during the developmental
stages of children. Therefore, the dialogue system for the communication experiment was
designed to be equipped with human-like social interaction behavior referencing child
development. The referenced development was the change of interaction structures from dyadic
to triadic.

The system started the dialogues in the experiment with a standard phrase that invited the
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subjects to talk about the topic, e.g., “Hello. The first topic is which fruit is better, orange or apple.
Let’s talk.” After such a phrase, the system played a designed role in the dyadic and triadic
structures depending on the interaction settings. In the dyadic (with the subject) setting, it
responded to what the subject said. In the dyadic (with the topic) setting, the system talked about
only the topic. In the triadic setting, it responded on topic to what the subject said.

The triadic interaction structure is an advanced structure emerging in a later developmental
stage than the dyadic one. The system could cooperate by sharing the topic in the triadic setting,
in other words, it could engage in a discussion on the topic. The hypothesis was that the triadic
interaction setting would improve the system’s behavior and provide favorable dialogues for the
subjects. However, some subjects’ evaluations indicated that the dialogues with the system in this
advanced setting were not comfortable. How the system should participate in the construction of

interaction structures as a social being is considered based on the results.

4.2 Experimental Results

All the subjects interacted with the system and evaluated the dialogues and the system through
the post-dialogue questionnaire. First, overall trends in the dialogue evaluations are presented.
Second, the dialogue evaluations in the dyadic and triadic settings are described according to the
subject groups divided based on their high-rating setting. Third, the system evaluations regarding

the impressions it made on the subjects are presented.
4.2.1 Dialogue Evaluation

The average and standard deviation of the results for the dialogue evaluation items in the post-
dialogue questionnaire are shown in Figure 4.1. In the remainder of this chapter, the items in the
post-dialogue questionnaire with a mean evaluation value of 3.0 or less are treated as negated
items, and items with a mean of 4.0 or more as affirmed items. Comments in the free-form section
are cited in relevant discussions. In the results of the dyadic interaction (with the topic) setting,
all four items were negated. These were negative results compared with the evaluations in the
other two settings. The results of the dyadic (with the subject) and triadic interaction settings

showed that “Fun”, “It listens”, and “Want to talk about other topics too” were affirmed in
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Figure 4.1. The results for the post-dialogue questionnaire regarding the dialogue

evaluations.
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common. However, the results in the triadic interaction setting showed many differences across

the subjects. The following section exams this in more detail.

4.2.2 Dialogue Evaluation from High-Rating Groups
in the Dyadic and Triadic Settings

The subjects were divided into three groups based on the sum of evaluation values for the four
items regarding the dialogue in each interaction setting. The dyadic interaction (with the subject)
high-rating group consisted of 5 subjects, and their evaluation values were as follows: dyadic
(subject) 18.2 + 2.5, dyadic (topic) 9.6 + 5.1, and triadic 11.0 = 2.3. The dyadic interaction (with
the topic) high-rating group consisted of 1 subject, and their evaluation values were as follows:
dyadic (subject) 9, dyadic (topic) 16, and triadic 13. The triadic interaction high-rating group
consisted of 6 subjects, and their evaluation values were as follows: dyadic (subject) 15.5 £ 2.6,
dyadic (topic) 9.2 + 3.0, and triadic 19.8 & 3.0. There was one subject who gave the same rating
of 24 in all three settings. Since this result is unsuitable for comparison, it is excluded from the
following discussion. The dyadic interaction (with the topic) high-rating group was small with
one subject, and the comparison of the results focusing on this group is omitted.

Figure 4.2 shows the averages and standard deviations of the results in the dyadic interaction
(with the subject) setting by the dyadic interaction (with the subject) high-rating group and the
others. The Wilcoxon rank-sum test was conducted to compare the dyadic interaction (with the
subject) high-rating group and the others with the evaluation value of the dialogue. The results
indicated no significant difference between the two groups (p=0.088). Comparing the average
values of the results between the two groups, there were no notable differences such as reversing
the affirmed and negated evaluations for the same item.

Figure 4.3 shows the averages and standard deviations of the results in the triadic interaction
setting by the triadic interaction high-rating group and the others. The Wilcoxon rank-sum test
was conducted to compare the triadic interaction high-rating group and the others with the
evaluation value of the dialogue. The results indicated a significant difference between the two
groups (p=0.005). The subjects in the high-rating group evaluated the items “Fun”, “It listens”,
“Can have a smooth conversation”, and “Want to talk about other topics too” as affirmed. The
other subjects evaluated the items “Fun”, “It listens”, and “Can have a smooth conversation” as

negated.
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Figure 4.2. The results for the post-dialogue questionnaire regarding the dialogue
evaluations in the dyadic interaction (with the subject) setting by the

dyadic interaction (with the subject) high-rating group and the others.
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Figure 4.3. The results for the post-dialogue questionnaire regarding the dialogue
evaluations in the triadic interaction setting by the triadic interaction

high-rating group and the others.
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4.2.3 Dialogue System Evaluation

Figure 4.4 shows the averages and standard deviations of the results for the items about
impressions of the dialogue system in the dyadic interaction (with the subject) setting by the
dyadic interaction (with the subject) high-rating group and the others. Comparing the average
values of the results in the dyadic interaction (with the subject) setting, there were no notable
differences such as reversing the affirmed and negated evaluations for the same item. The subjects
commonly evaluated the items “Friendly”, “Independent”, and “Sincere” as affirmed and
“Awkward” and “Inhuman” as negated.

Figure 4.5 shows the averages and standard deviations of the results for the items about
impressions of the dialogue system in the triadic interaction setting by the triadic interaction high-
rating group and the others. The subjects in the high-rating group evaluated the items “Friendly”,
“Independent”, “Sincere”, “Inspiring”, “Has personality”, and “Easy to talk to” as affirmed and
“Awkward” and “Inhuman” as negated. The others evaluated the items “Awkward” and “Inhuman”

as affirmed and “Inspiring”, “Has personality”, and “Easy to talk to” as negated. The evaluations

were reversed for five items.

4.3 Discussion

In the experiment, the subjects communicated with the human-like dialogue system using
generative Al in the three types of interaction settings and evaluated the dialogues and the system.
The settings of interaction structures changed the system behavior. The dialogue evaluations in
the dyadic interaction (with the topic) setting were negative, and the dialogue impossibility was
indicated in the free-form comments. In the dyadic interaction (with the subject) setting and triadic
interaction setting, the dialogues took place between the subjects and the system. The evaluations
were positive on average, and there was no mention of the impossibility of dialogue in the
comments.

The triadic interaction setting was applied to enable more socially advanced interaction. The
evaluations were expected to be higher than those in the dyadic settings. The results partially
confirmed this expectation. The evaluations of the dialogue in the triadic interaction setting were

both highly positive and negative, and the impressions of the system were contrasting among the
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Figure 4.4. The results for the post-dialogue questionnaire regarding the impressions
of the dialogue system in the dyadic interaction (with the subject) setting

by the dyadic interaction (with the subject) high-rating group and the others.
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Figure 4.5. The results for the post-dialogue questionnaire regarding the impressions
of the dialogue system in the triadic interaction setting by the triadic

interaction high-rating group and the others.
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Figure 4.6. The interaction structure that the system constructed without the subject

in the dyadic (with the topic) setting.

subjects. On the other hand, the dialogues in the dyadic (with the subject) interaction setting,

which is the basic interaction setting, received positive or not negative evaluations. The results

are explained based on the successful or failed construction of the interaction structures,

depending on the structure that the subject was oriented toward, as follows:

In the case of the dyadic (with the topic) setting, the structure in the system does not include
the subject and does not match any structure to which the subject belongs, as shown in Figure
4.6 with the red dotted line. In this case, the structure construction fails between the system
and the subject. In the experiment, the subjects were ignored by the system which talked
one-sidedly. In the results, they evaluated the dialogues negatively and commented on the
impossibility of dialogue.

In the case that the subject is oriented toward dyadic interaction, the subject intends to
construct the structure as shown in Figure 4.7 with the blue dotted line. This structure
matches the structure in the dyadic (with the subject) setting of the system as shown in
Figure 4.7(a) with the red dotted line, and they can interact well on the successful
construction. However, the structure in the triadic setting of the system extends beyond this
structure, as shown in Figure 4.7(b). In this case, the structure construction fails due to the

system’s undesirable action for the subject. In the experiment, the subjects in the dyadic
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Figure 4.7. The interaction structures desired by the subjects who were oriented toward
dyadic interaction (blue dotted line) and the interaction structures in each

system setting (red dotted line).
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(with the subject) setting high-rating group, would have been oriented toward dyadic
interaction. In the results, they evaluated the dialogue in the dyadic (with the subject) setting
positively and the dialogue in the triadic setting negatively. Their comments in the triadic
setting included discomfort with the dialogue system’s inflexibility in persisting with the
topic and forcing them to say something that the system wanted. They evaluated the system
in the triadic setting as an awkward and inhuman dialogue partner.

* In the case that the subject is oriented toward triadic interaction, the subject intends to
construct the structure as shown in Figure 4.8 with the blue dotted line. This structure
includes the structure in the dyadic (with the subject) setting of the system as shown in Figure
4.8(a) with the red dotted line and matches the structure in the triadic setting as shown in
Figure 4.8(b) with the red dotted line. When the structure is included, the structure
construction succeeds even if it is something lacking for the subject, and they can interact
relatively well on the successful construction. In the experiment, the subjects in the triadic
setting high-rating group, would have been oriented toward triadic interaction. In the results,
they evaluated the dialogue in the dyadic (with the subject) setting not negatively and the
dialogue in the triadic setting positively. In their comments in the triadic setting, they
mentioned that they felt they were listened to attentively.

Positive evaluations were based on well-constructed interaction structures. The system’s
inappropriate behavior in failed structures decreased the quality of the dialogues and damaged the
impressions of the system. The interaction structures in the system settings should match the
structures intended by the subjects, whether the structures were dyadic or triadic. Under the
matching and successful construction, the system fully demonstrated its dialogue capability and
behaved pleasantly for the subjects.

The triadic interaction in this experiment involved sharing interest with others. The system in
the triadic interaction setting attempted to cooperatively discuss the topic. Thus, whether the
subjects intended the triadic or dyadic interactions can be rephrased as whether the subjects
wanted to cooperate toward the common aim. When the subjects wanted the system to cooperate
in their interaction, they intended triadic interactions. When they did not, their interactions were
naturally dyadic. The correct behavior that the system had to choose differed in each case.
Avoiding unintended relationships is also important. It is necessary to identify whether
cooperation is needed in interaction.

By switching interaction structures to adapt to users’ demands, the behavior of systems can

become more appropriate for users. For example, if a user wants to be listened to for relaxation,

41



A== === === A=

ll| Dialogue :

N - - e e = = = 4

Subject

(b) In the triadic interaction setting.

Figure 4.8. The interaction structures desired by the subjects who were oriented toward

triadic interaction (blue dotted line) and the interaction structures in each

system setting (red dotted line).
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this user wants to interact in a dyadic interaction structure between just the user and the system,
without focusing on any topic seriously. The system should behave in a dyadic setting as a casual
listener following casual changes in topics. If a user attempts to discuss a topic to solve a problem,
this user wants to interact in a triadic interaction structure between the user, the system, and the
topic. The system should behave in a triadic setting for a positive evaluation as an active listener.

In some cases, being fixed in a simple and unbreakable structure can be a better choice for
systems. The setting of the basic dyadic interaction structure, which is easy to construct, resulted
in moderately positive evaluations from most of the subjects. On the other hand, the setting of the
advanced triadic interaction structure was effective in improving the evaluations when the
construction succeeded. Superior evaluations can be expected in more advanced structure settings.
The structures including additional social factors, for example, the structure in relationships
between the user, the other, and the system that supports their interaction, could be useful for
further development of systems.

Systems should choose better responses in diverse contexts, that is, socially correct responses
adapting to partners’ intentions and expectations. As appropriate structures can improve behavior
of systems overall, the perspective of choosing the desired interaction structure would help in
responding to situations. The social communication capability of dialogue systems indicated in
this chapter consists of two stages. First, systems are equipped with applicable interaction
structures as behavioral patterns. Second, systems select a suitable structure according to users’
choice or identification of users’ needs. Systems’ appropriate behavior within adapted interaction
structures enables the building of better relationships.

The pleasantness of the system’s behavior was also reflected in the evaluations of the system.
This is discussed in further detail in the next chapter from the perspective of individual

preferences.
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Chapter S
Generative Al-based Dialogues

Considering Individual Preferences

This chapter focuses on individual preferences in system behavior to improve personal
relationship compatibility between users and systems. The properties of the dialogue system,
which were evaluated through the questionnaire items, are investigated to clarify their effects on
the dialogue evaluations for each subject.

The communication experiment resulted in diverse subjective evaluations among individual
subjects. The links between the evaluations of the system and the dialogue were analyzed for each
subject using hierarchical cluster analysis. Based on the analysis results, the properties of the
dialogue system were classified into two types: generally and individually relational to positive
evaluations of the dialogue. The former included inspiration, a sense of security, and collaboration,
while the latter included a sense of distance, personality, and seriousness. Since the latter

properties were evaluated based on individual preferences, they should be adjusted to individuals.

5.1 Methodology

As interpersonal preferences vary widely, relationship compatibility is an important factor for
dialogue systems with human-like linguistic capability. To build favorable relationships, system
properties enhancing relationship compatibility between users and systems should be clarified to
adapt to individual preferences.

In the communication experiment, the dialogue system behaved differently depending on each
interaction setting, such as listening or ignoring, and compliant or independent. The differently

behaving system made different impressions, and the subjects variously evaluated the system
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through the questionnaire items. Additionally, even the same behavior of the system in the
dialogues was sometimes received either positively or negatively by the subjects. The variations
in the evaluations of the system among the subjects reflected individual preferences.

The subjects’ evaluations indicated links between the impressions of the system and the
qualities of the dialogues. When a dialogue quality was evaluated positively by a subject, some
impressions of the system were evaluated highly at the same time. The links are analyzed using
hierarchical cluster analysis for each subject, regarding which items for system evaluations were
related to positive dialogue evaluations. Based on the analysis results, the evaluation items in the
questionnaire are classified. The classification results are discussed for generally and individually
favorable design of system properties. Additionally, a part of the evaluation items was developed
with reference to research on human friends. These items might be perceived differently by the
subjects when applied to the system. Therefore, the interpretations of the evaluation items are also

considered.

5.2 Experimental Results

All the subjects interacted with the system and evaluated the system and the dialogues through
the post-dialogue questionnaire. The evaluation results are presented from the perspectives of

overall trends and individual subjects.
5.2.1 Questionnaire Results

The average and standard deviation of the results for the post-dialogue questionnaire regarding
the dialogue system evaluations and the dialogue evaluations are shown in Figure 5.1. The
dialogue system in the dyadic interaction (with the topic) setting ignored the subjects in the
dialogues, and the evaluations were negative on average. In the dyadic interaction (with the
subject) setting and in the triadic interaction setting, dialogues took place between the subjects
and the system, and the evaluations were relatively positive on average. On the other hand, each
of the subjects gave various evaluations of the system and the dialogues across the three settings.
The evaluation results for one subject are shown in Table 5.1 as an example, and the evaluation

results for all subjects are shown in Appendices.
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Independent

Sincere

Inspiring
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Inhuman
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Easy to talk to
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Can have a smooth
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‘Want to talk about other
topics too
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M dyadic interaction (with subject) ' dyadic interaction (with topic)

¥ triadic interaction

Figure 5.1. The results for the post-dialogue questionnaire regarding the dialogue system

evaluations and the dialogue evaluations.
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Table 5.1. Questionnaire responses for one of the subjects.

Setting
Evaluation Item Dyadic Interaction Dyadic Interaction Triadic
(with Subject) (with Topic) Interaction
Friendly 5 3 4
Awkward 3 5 3
Independent 4 4 4
Sincere 4 4 5
System
Inspiring 5 2 5
Has personality 5 2 2
Inhuman 2 5 4
Easy to talk to 5 2 5
Fun 4 2 5
It listens 4 2 6
Dialogue ~Cap have a smooth

: 4 2 4

conversation
Want to talk about 4 ) 4

other topics too
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5.3 Analysis and Classification

Hierarchical cluster analysis was conducted on each subject. The analysis results were aggregated
to investigate the cumulative results on all subjects. Next, the system evaluation items in the

questionnaire were classified according to the cumulative results.
5.3.1 Analysis of Links Between Evaluations of the System and the Dialogue

The post-dialogue questionnaire results were analyzed for each subject to investigate the
individual evaluations. Hierarchical cluster analysis with the Ward method was used to examine
the links between the evaluations for items about the system and the evaluation for each item
about the dialogue. Figure 5.2 shows the dendrograms from the analysis for one subject’s
evaluations (from Table 5.1) as an example, and the dendrograms for all subjects are shown in
Appendices. The strength of the links was quantified with hierarchical closeness on the
dendrograms from the analysis. The system evaluation items at the same hierarchy on the
dendrograms with a dialogue evaluation item were assigned a step number of 0, items merged at
one hierarchical level were assigned a step number of 1, those at two hierarchical levels were
assigned a step number of 2, and so forth. A smaller number of steps means a stronger link. The
step numbers are shown in brackets after each item in Figure 5.2.

For the subject, as shown in Figure 5.2, the following system evaluations were most strongly
linked to each dialogue evaluation. When the system was “Easy to talk to” and “Inspiring”, the
dialogues were “Fun”. When the system was “Easy to talk to”, “Inspiring”, and “Friendly”, the
dialogues were “It listens”. When the system was “Friendly”, the dialogues were “Can have a
smooth conversation” and “Want to talk about other topics too”. The other system evaluations
were linked more weakly.

The analysis results for all 13 subjects were aggregated to create the graphs in Figure 5.3,
which show the distribution of the subjects for each number of steps. These graphs indicate the
number of subjects who linked each system evaluation to each dialogue evaluation and the
strength of these links. The color coding of the graphs in Figure 5.3 is based on the distribution
shapes, which are explained in the next subsection.

In the remainder of this chapter, a link with a strength of 0 or 1 step is considered to be

relational, and a link with a strength of 2 or more steps is non-relational. A step number of 0
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means that the evaluation values for the two items were completely connected, and a step number
of 1 means that the values were not the same but were close. A link with a strength of 2 or more
steps is considered weak in comparison to these. According to this distinction, the items for system
evaluation that were strongly linked to the dialogue evaluation are treated as relational items,
while the others are treated as non-relational items. For example, in the graph of “Friendly” in the
“Fun” section, four subjects link “Friendly” for the system to “Fun” for the dialogue with a
strength of O or 1 step, and the other nine subjects link them with a strength of 2 or more steps.
This graph indicates that “Friendly” for the system and “Fun” for the dialogue were relational for
four subjects, while they were non-relational for the other nine subjects.

As shown in Figure 5.3, the distributions of subjects in the “Awkward” and “Inhuman” graphs
are all at 2 or more steps, except for one subject in each item. While “Awkward” and “Inhuman”
functioned as evaluation items for the system as shown in Figure 5.1, the results of the analysis
did not show distinct relationships with the dialogue evaluation. The reason would be that these
items were negative expressions for a dialogue partner and were difficult to link with the positive
dialogue evaluation in the questionnaire. These also showed that the possibility of a positive
evaluation of awkward or inhuman behavior was denied. Additionally, since the impressions of
words cannot easily be reversed, it is decided not to use reverse scoring values. An exceptional
result of “Awkward” is for one subject at 0 steps in the “Fun” section. The subject may have
perceived “Awkward” as humorous and linked it to “Fun”. An exceptional result of “Inhuman” is
for one subject at 1 step in the “Can have a smooth conversation” section. The subject may have
perceived “Inhuman” as neutral and linked it to “Can have a smooth conversation”. Although
there are these possible relationships, the exceptional results are too small. The results on
“Awkward” and “Inhuman” are excluded from the following classification as these items have no

relationship to the dialogue evaluation.

5.3.2 Classification of the System Evaluation Items

The system evaluation items were classified according to the types of relationships with each
dialogue evaluation. The classification consists of four categories whether an item is relational or
non-relational and whether the relationship is general or individual, based on the characteristics
of the subject distributions in Figure 5.3.

The shapes of the distributions in each graph of Figure 5.3 have one or two peaks. The peak

positions indicate the evaluation tendencies of the subject groups that are distributed around the
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Figure 5.4. The distribution patterns.

peaks. When there is one peak, the subjects form one group with the same evaluation tendency.
When there are two peaks, the subjects form two groups with different evaluation tendencies.
When a peak is at 0 or 1 step, the subject group around this peak tends to relate the system
evaluation to the dialogue evaluation. When a peak is at 2 or more steps, the subject group around
this peak tends not to relate them. Figure 5.4 shows the distribution patterns, simplified for
illustration, based on the number and positions of peaks. If one of the two peaks is at 0 or 1 step
and the other peak is at 2 or more steps, as shown in Figure 5.4(b), one subject group tends to
relate the system evaluation to the dialogue evaluation, while the other group tends not to relate
them.

The color coding in Figure 5.3 corresponds to that used in Figure 5.4. The distribution of

53



Table 5.2. The classification of the system evaluation items.

Generally Individually

Dialogue Evaluation Non-Relational Non-Relational

Relational Relational
Fun Inspiring Independent Friendly
Easy to talk to  Has personality Sincere
Independent -
It listens Easy to talk to Sincere 11:1 rsle?rcilrlly
Has personality piing
Can have a smooth . . Indepe.:n.dent
. Friendly Sincere Easy to talk to Inspiring
conversation .
Has personality
Want to talk about Friendly Independent

other topics too Easy to talk to  Has personality Sincere Inspiring

subjects on “Inspiring” in the “It listens” section in Figure 5.3 has a peak at 1 and 2 steps with
equal values. It is determined that there is one peak at 2 steps, matching pattern (d) in Figure 5.4,
because the sum of the number of subjects at 2 or more steps is larger than that at 0 or 1 step.
The classification results of the six evaluation items, except for “Awkward” and “Inhuman”,
are shown in Table 5.2. Items with one peak at 0 or 1 step, as shown in Figure 5.4(a), were
classified into the first column. Items with two peaks, one at 0 or 1 step and the other at 2 or more
steps, as shown in Figure 5.4(b), were classified into the second column. Items with two peaks
both at 2 or more steps, as shown in Figure 5.4(c), were classified into the third column. Items
with one peak at 2 or more steps, as shown in Figure 5.4(d), were classified into the fourth column.
The items in the first column of Table 5.2 are generally relational items. The subjects formed
one group and tended to relate the system evaluations for the items to the dialogue evaluation.
The items in the second column are individually relational items. The subjects formed two groups,
and the evaluation tendencies differed across subjects for the items. Some subjects in one of the
two groups related the evaluations, and the others did not. The items in the third and fourth

columns are non-relational items. In this study, the items in the third column are treated as simply

54



non-relational, along with the items in the fourth column. Although there were two groups of
subjects and they may have differed in their evaluations for the items in the third column, neither
group related the evaluations. Since the aim is to investigate how the subjects related the
evaluations, how they did not relate them is not addressed. Further research on negative

evaluations, such as indifference or negative impacts, could provide additional findings.

5.4 Discussion

In this experiment, the subjects communicated with the human-like dialogue system using

generative Al. The system behaved differently in three interaction settings. The subjective

evaluations of the system and the dialogues varied among individual subjects. Focusing on the
individual evaluations, a cluster analysis of the links in the evaluations was conducted. Based on
the analysis results, the cumulative results of all subjects’ evaluations were organized, as shown
in Figure 5.3. According to the cumulative results, the system evaluation items were classified, as
shown in Table 5.2. The “awkward” and “inhuman” items were excluded from the classification
since they were not related to the positive dialogue evaluations. The irrelevance of “inhuman”
indicates that the human-likeness of the system was preferred in the dialogues.

To identify the system properties that influenced the subjects’ evaluations, the items in Table

5.2 are discussed. The subjects’ interpretations of the item words are considered with the premise

that the system is not human.

The system evaluation items in Table 5.2:

e The “Inspiring” item was developed to evaluate an attractiveness factor of a friend that
provides positive inspiration [72]. The “Inspiring” item was only related to the “Fun” from
the dialogue category. In other words, dialogues with an inspiring partner were fun. This is
a reasonable result of a literal interpretation of “Inspiring”. The property of inspiration was
evaluated through the item “Inspiring”.

o The “Easy to talk to” item was developed to evaluate a sense of security. An interpersonal
relationship with a sense of security means a relaxed relationship without worries or barriers.
As shown in previous research on friendships, the sense of security is the most fundamental
attractiveness factor of a friend, and the survey item “Easy to talk to” best reflects this [72].

The “Easy to talk to” item was related to three dialogue evaluations, except for “Can have a
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smooth conversation”. The result indicates that the item was most commonly related to
positive evaluations, as it was the most frequent and generally relational among the subjects.
It is also natural that a sense of security is a fundamental element of the relationship with the
system. Similarly to interpersonal relationships, the property of a sense of security was
evaluated through the item “Easy to talk to”.

The “Friendly” item was developed with the expectation that a friendly system would be
evaluated positively as a dialogue partner. The “Friendly” item was related to “Can have a
smooth conversation”, which indicates linguistic abilities, and “Want to talk about other
topics too”, which indicates a wish to continue the relationship, but not to “Fun” or “It
listens”, which involve feelings. It seems that the “Friendly” item was interpreted as being
collaborative, which refers to the system’s dialogue capability to make dialogue easy for the
subjects. Compared with being friendly, being collaborative is a more plausible expectation
for the system. The property of collaboration was evaluated through the item “Friendly”.
The “Independent” item was developed to evaluate a sense of distance, an attractiveness
factor of a friend that maintains a moderate distance [72]. The “Independent” item was
related to “Fun”, “It listens”, and “Want to talk about other topics too” among some subjects.
In other words, dialogues with an independent partner made some subjects feel good and
caused a wish to continue. This is a reasonable result for an interpretation of “Independent”
as maintaining a moderate distance, similar to the case of human friends. The property of a
sense of distance was evaluated through the item “Independent”.

The “Has personality” item was developed with reference to a survey about impressions of
robots [73]. The words “Has personality” are reasonably interpreted literally regarding
systems. The “Has personality” item was related to three dialogue evaluations, except for
“Can have a smooth conversation”, among some subjects. It is natural that some subjects
preferred a partner with a personality. The property of personality was evaluated through the
item “Has personality”.

The “Sincere” item was developed to evaluate the attractiveness factor of a friend. Sincerity
is an important factor in lasting friendships [72]. However, the “Sincere” item was not related
to “Want to talk about other topics too”, which indicates a wish to continue the relationship.
It was related to “Can have a smooth conversation” and “It listens” among some subjects,
but not to “Fun”. When the dialogue system listened well and responded fluently, the system
was evaluated as sincere. Unlike in interpersonal relationships, “Sincere” in the system was

interpreted in terms of reliability rather than trust. Considering that an attentive attitude and
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conversational ability were evaluated individually through the word sincere, the “Sincere”
item is referred to as seriousness. The property of seriousness was evaluated through the item
“Sincere”.
The properties of the system related to the positive dialogue evaluations included inspiration, a
sense of security, collaboration, a sense of distance, personality, and seriousness.

These properties are divided into two types, generally and individually relational,
corresponding to the first and second columns of Table 5.2. The three properties of inspiration, a
sense of security, and collaboration generally received positive evaluations. The other three
properties of a sense of distance, personality, and seriousness had different effects on individuals.
Equipping with the former properties is expected to make dialogues more comfortable for people.
Adjusting the latter properties is expected to make dialogues more compatible for individuals.

In particular, to adopt individual preferences, personalizing properties of individually
relational type would be effective. For example, tuning the level of interference with users’ actions,
characterization, and the frequency of repeated confirmations. On the other hand, for general use,
modest designs in these individually relational properties are predicted to reduce the risk of the
system being disliked. This prediction is consistent with the results of previous research as follows.
Although there are individual differences, the setting supported by a larger number of people
involves avoiding small talk and maintaining a formal tone, identifying itself as a bot, and asking
follow-up questions [40], that is, maintaining a formal distance, having less personality, and
expressing a serious attitude. A dialogue system in a highly serious setting, with a single focused
topic, receives both positive and negative evaluations, while a system in a less serious setting,
with no focused topic, receives positive evaluations generally, as indicated in Chapter 4. When
diagnosing a disease through medical interviews, patients are more likely to self-disclose honestly
with a virtual anonymous agent, which has less personality, than with a human specialist about
some topics [63].

The properties of the dialogue system were classified and examined. Although favorable
properties of dialogue systems have been approached mainly by analogy with personality traits
in humans, it was clarified that they differ from humans in several respects. Dialogue systems can
be developed to have their own unique advantages. It was also revealed that some properties have
no generally correct setting beyond individual adjustments. The approach in this chapter to
address system properties considering individual preferences would help to identify what

properties should be targeted for adjustment of dialogue systems.
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Chapter 6

Conclusions

6.1 Conclusions of This Thesis

As the linguistic capability of dialogue systems improves, their roles are going beyond merely
transmitting information. Advanced dialogue systems are expected to support people personally
through linguistic communication. The importance of how systems interact with humans and
build supportive relationships is increasing, and social adaptability and personal compatibility
issues similar to those in human relationships emerge. This thesis investigated subjective
evaluations of interactions with the generative Al-based dialogue system to improve relationships
between humans and dialogue systems.

The dialogue system was developed to communicate with the subjects in natural language via
voice, featuring a human-like facial expression function. These communication abilities were
achieved with generative Al. The system behaved differently in interactions with the subjects
depending on three interaction settings. The one-to-one dyadic interaction, triadic interaction with
joint attention to a topic, and non-communicative settings were designed with reference to the
developmental stages of children’s social communication ability. The dialogues were both
successful and failed, and the subjective evaluations of the system and the dialogues were
conducted through the questionnaire. The evaluations resulted in various responses.

The dialogue evaluations were discussed based on the interaction structures, that is, the
positions the system took in the interactions. As a result, positive evaluations were based on well-
constructed structures. The system’s inappropriate behavior in failed structures decreased the
quality of the dialogues and worsened the evaluation of the system. The interaction structures in
the system settings needed to match the structures intended by the subjects, whether the structures
were dyadic or triadic. Under the matching and successful construction, the system fully

demonstrated its dialogue capability and behaved pleasantly for the subjects. By switching
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interaction structures in systems to adapt to users’ demands, the structures can be successfully
constructed between users and systems, and the behavior would become more appropriate for
users. Socially correct behavior, adapting to social contexts on partners’ intentions and
expectations, affects users’ evaluations similarly to interpersonal relationships. Dialogue systems
could build better relationships through appropriate interactions.

The evaluations of the system and the dialogues were analyzed focusing on individual
preferences. The analysis results showed that human-like behaviors were preferred in the
dialogues and the system properties were classified into two types. Properties of inspiration, a
sense of security, and collaboration generally improved the dialogue evaluations. Properties of a
sense of distance, personality, and seriousness individually affected the dialogue evaluations
depending on each subject. Properties of individually relational type need to adapt to users’
individual preferences. A design approach to system properties in accordance with individuality
would be useful for making human-like dialogue systems more compatible with users.

Dialogue systems with human-like linguistic capability are required to participate in users’
interpersonal relationships in order to support human life through linguistic communication. In
this thesis, how systems should behave to build relationships with humans was explored as the
start of their relationships. It was clarified that adjusting interaction structures is effective for
adapting to social contexts, and adjusting system properties is effective for improving relationship
compatibility. Appropriate and favorable behaviors of systems can be achieved with these
adjustments. These findings contribute to building better relationships with advanced human-like

dialogue systems and realizing human well-being supported by future systems.

6.2 Limitations and Notes

The sample size of 13 subjects in the experiment was small for statistical verification, and the
reliability of the results is limited. The effects of interaction structures in the generative Al-based
system were demonstrated to some extent, and the findings regarding system properties are able
to explain the participants’ responses from previous research. However, further verification is
needed.

Furthermore, it is necessary to note the risks associated with Al dialogue systems. Al

technology has been discussed in terms of social and ethical risks that may undermine people’s
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autonomy, privacy, and equity. Systems that include Al technology need to be developed ethically
and safely for users [74, 75, 76, 77]. Human-like Al dialogue systems, adapted to persons, will
become comfortable partners in daily life. However, they also involve these risks, so their

development should be ethical.

6.3 Future Work

In future work, some trials are needed to complement this research. To further verify the
effectiveness of the findings, a test of a renewed system that adapts to users’ desired behaviors in
contexts and preferences is planned. Interaction structures including additional participants and
social factors are also worth a try. In addition, emotional functions will be examined as an
important factor in systems. The emotional expression function of the system was active with
mainly positive expressions during the dialogues. Although the effect in non-emotional dialogues
was merely that the system was perceived as natural in this research, handling emotions is
important in terms of addressing individuals. There would naturally be socially appropriate
behavior and individual preferences in the emotional responses of systems. Adapting to users’
emotions could improve their relationships. Emotional functions should be explored with
affective computing technologies, including human emotion recognition and sentiment analysis,
which aim to identify and express emotions and respond intelligently to human emotions [78].
These examinations plan to include quantitative data from temporal and biometric measurements
in order to enhance validity. On the other hand, interactive systems targeting specific users, such
as children and the elderly, are needed and should be researched [79, 80, 81]. Results different
from those in this study could emerge for specific groups, and research concerning these aspects
is also required.

Generative Als continue to evolve. ChatGPT has been updated from 3.5, which was used in
the experiment, to 4 and now responds more skillfully. More advanced linguistic capability will
refine the responses of systems and provide participants with enjoyable conversations. However,
OpenAl announced that they reverted the update to GPT-40 due to issues with overly agreeable
responses on April 29, 2025. Its sycophantic behavior was disliked by users. In social interactions,
behavior merely following others is a basic and low-level attitude. The social abilities to use

appropriate words and actions in relationships are required. Damage to relationships between the
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subjects and the dialogue system due to the lack of such abilities was observed in this research as
well. Not only linguistic abilities but also social abilities are essential for future systems. Further
research is necessary to explore the favorable behavior and the design with social abilities for

supportive relationships between humans and systems.
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Appendices

The appendices include the questionnaire sheets used in the experiment and the experimental
results of all 13 subjects omitted in Chapter 5. Beginning on the next page, these are presented in
order: the pre-experiment questionnaire sheet (original Japanese version and English translation),
the post-dialogue questionnaire sheet (original Japanese version and English translation), the table
of the post-dialogue questionnaire results, and the dendrograms of Subjects 1-13 from the

hierarchical cluster analysis of the post-dialogue questionnaire results.
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Pre-experiment questionnaire sheet
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Pre-experiment questionnaire sheet

Pre-experiment 2023. . No.

Current feelings

Negative Positive

Your mood I I I I I |

About you

Dislike Like

Meeting people

Listening to people

Speaking to people

Becoming friends

with people

About conversational Al

Negative Positive

; l I | I | I
Talking to Al I 1 I 1 I I

Free comments
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Post-dialogue questionnaire sheet
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Post-dialogue questionnaire sheet

Post-dialogue(Time: ) 2023. . No.

The impression of this conversational Al

Disagree Agree

Friendly

Awkward

Independent

Sincere

Inspiring

Has personality

Inhuman

Easy to talk to

About this conversation with Al

Disagree Agree

Fun

It listens
Can have a smooth

conversation
Want to talk about

other topics too

Current feelings

Negative Positive

Your mood I I I I I I

Free comments: thoughts that came to mind while talking, things you want to say to this Al, etc.
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Has personality (3)
Independent (3)
Sincere (3)
Friendly (3)

Fun

Awkward (0) |

Inspiring (1)
Easy to talk to (2)
Inhuman (2)

Dendrograms from the hierarchical cluster analysis

Fun

|
]
—

0.0 05 1.0 15 20 25

Distance

Can have a smooth conversation

Inspiring (2)
Awkward (2)

Easy to talk to (2)
Inhuman (2)
Independent (2)

It listens

Has personality (0)
Sincere (1)
Friendly (1)

It listens

—

I

0.0 05 10 15 20 25

Distance

Want to talk about other topics too

Inspiring (2) Inhuman (2)
Awkward (2) E Independent (2)
Easy to talk to (2) Has personality (2)
Inhuman (2) Awkward (2)
Independent (2) :'— Sincere (2)
Can have a smooth Friendly (2)
com'?rsalian Want to talk about other
Has personality (0) 4}— topics too
Sincere (1) Inspiring (0)
Friendly (l)w — Easy to talk to (1)
Subject 1
Fun It listens

Easy to talk to (1) Easy to talk to (1)
Sincere (1) Sincere (1)
Has personality (0) It listens
Friendly (0) Has personality (2)
Fun Friendly (2)
Independent (2) Independent (3)
Inspiring (3) _’ Inspiring (4)

Awkward (3) | Awkward (4) |

Inhuman (3) Inhuman (4) |

Can have a smooth
conversation

Sincere (0)

Easy to talk to (1)
Has personality (2)
Friendly (2)
Independent (3)
Inspiring (4)
Awkward (4)
Inhuman (4)

Can have a smooth conversation

Ny

o 2 4 6 8 10

Easy to talk to (1)
Sincere (1)

Has personality (0)
Friendly (0)

Want to talk about other
topics too

Independent (2)
Inspiring (3)
Awkward (3)
Inhuman (3)

Subject 2

Distance

Want to talk about other topics too

|

o 4 6 8 10
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Dendrograms from the hierarchical cluster analysis

Fun

Inhuman 3)[—

Awkward (3)F———

Easy to talk to (1)

Inspiring (1)

Has personality (0) M
Independent (0)

Fun

Sincere (2)

Friendly (2)

o 1 2 3 4 5 6 7

Can have a smooth conversation

Inhuman (3)
Awkward (3)

Easy to talk to (1)
Inspiring (1)

Has personality (0)
Independent (0)

It listens

Sincere (2)
Friendly (2)

Inhuman (2)[——— Inhuman (3)
Awkward (2) ——] Awkward (3)
Has personality (1) Easy to talk to (1)
Independent (1) Inspiring (1)
Sincere (1) ] Has personality (0)
Friendly (1) Want ot abons i
Easy to talk to (0) tapics t00
“ In:piring (0’)1 Sincere (2)
an gije::fr?c:no I Friendly (2)

Subject 3

Fun

Sincere (3) } Sincere (4)
Friendly (3) Friendly (4)
Easy to talk to (1) It listens
Independent (1) Independent (0)
Fun Easy to talk to (1)
Has personality (0) Has personality (2)
Inspiring (2) Inspiring (3)
Inhuman (4) —— Inhuman (5)
Awkward (4)— Awkward (5)

Can have a smooth conversation

Has personality (2)

Independent (2)
Easy to talk to (2)
Inspiring (2)

Can have a smooth
conversation

Friendly (1)
Sincere (3)
Inhuman (4) |
Awkward (4) |

o 1 2 3 4 5 6 7 8

Sincere (3)
Friendly (3)

Easy to talk to (1)
Independent (1)

Want to talk about other
topics too

Has personality (0)
Inspiring (2)
Inhuman (4)

Awkward (4)

Subject 4
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Easy to talk to (1)
Inspiring (1)

Fun

Sincere (2)
Friendly (2)

Has personality (3)
Independent (4)
Awkward (4)
Inhuman (4)

Can have a smooth
conversafion

Sincere (0)
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Friendly (2)
Independent (3)
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Friendly (3)
Sincere (3)
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Dendrograms from the hierarchical cluster analysis
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Dendrograms from the hierarchical cluster analysis
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Sincere (3)|

Independent (3)
Friendly (3)
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Easy to talk to (0)
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Dendrograms from the hierarchical cluster analysis
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