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Abstract

As virtual and augmented environments become increasingly central to everyday social in-

teraction, supporting emotionally sustainable and effective communication in these spaces has

emerged as a critical design challenge. Prior research has predominantly focused on how in-

dividuals’ own avatars influence behavior, while the role of interaction partners’ appearance in

shaping emotional experience and performance remains underexplored. Addressing this gap,

this dissertation adopts an individual-level experimental approach to examine how adjusting the

appearance of others can regulate interaction experiences in mediated contexts.

Two empirical studies form the foundation of this work. Study 1 investigates high-pressure

oral communication in video-mediated interviews, examining how different forms of interaction

partner appearance—familiar faces, stylized representations, and neutral strangers—affect per-

ceived social presence, state anxiety, attentional engagement, verbal behavior, gaze patterns, and

physiological responses. Results show that familiar appearances reduce anxiety and promote

deeper engagement, whereas stylized faces disrupt emotional interpretation and offer limited

relief from evaluative stress.

Building on these findings, Study 2 extends the investigation to embodied interaction through

augmented reality (AR) exercise companions. Across three experiments, the results demon-

strate that emotionally resonant AR companions enhance enjoyment, reduce perceived pres-

sure, and improve physical performance. Familiar avatars foster psychological safety through

emotional bonding, while stylized companions support motivation and comfort when aligned

with users’ aesthetic preferences. Qualitative interviews further reveal that users assign distinct

social and functional roles to avatars based on appearance, favoring companions that convey

supportive presence without surveillance or judgment.

Together, these studies identify appearance (familiarity and liking as affective channels)

mediated modulation of social presence as a unifying mechanism linking emotional experience

and performance across cognitive and physical tasks. By extending social presence research

beyond self-avatar effects to interaction partner appearance, this dissertation contributes the-

oretical insight into interpersonal regulation in mediated interaction. The findings also offer

practical design implications for communication platforms, AR fitness systems, and future AI-

driven companions, pointing toward more adaptive, empathetic, and psychologically supportive

virtual communities.

Keywords: Avatar appearance; Social presence; Augmented reality; Human–computer in-

teraction; Emotional experience; Performance.
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Chapter 1

Introduction

1.1 Overview

The Introduction chapter presents the conceptual framework of the dissertation (Fig 1.1), il-

lustrating the motivation, theoretical grounding, and research structure of the present work.

Starting from a community-level objective of supporting healthy and psychologically sustain-

able virtual communities, the framework identifies two prevalent individual-level interaction

challenges: anxiety in video-mediated oral communication and motivational difficulties in self-

regulated physical activity. Drawing on social facilitation theory, social presence is introduced

as a theoretically grounded construct that may shape emotional experience, motivation, and

task performance in mediated interaction. Prior work on emotional attachment to virtual oth-

ers (LOVE) provides empirical inspiration by suggesting that increased perceived realness can

enhance presence-related effects. Building on these foundations, the dissertation hypothesizes

that adjusting the appearance of interaction partners through emotional channels (e.g., famil-

iarity and liking) can modulate perceived social presence, thereby influencing emotional and

performance outcomes. This hypothesized mechanism is empirically examined through two

individual-level experimental studies situated in complementary interaction contexts.

1



Figure 1.1: Conceptual framework
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1.2 Human Interaction in an Increasingly Virtual World

Human interaction is increasingly mediated by digital technologies. Video conferencing sys-

tems, augmented reality (AR) applications, and AI-driven virtual agents have become integral

to how people communicate, collaborate, and participate in social life. These mediated environ-

ments are no longer temporary substitutes for face-to-face interaction; instead, they are evolving

into persistent social spaces that support ongoing relationships, evaluation, and collective activ-

ity. As such environments scale and stabilize, they increasingly resemble virtual communities

whose long-term health depends not only on technical reliability, but also on whether everyday

interactions within them are emotionally supportive, motivating, and psychologically sustain-

able.

A central challenge for the design of future virtual communities is therefore not merely

enabling interaction, but ensuring that mediated interactions promote well-being, engagement,

and effective participation over time.

1.3 Individual-Level Interaction Challenges in Mediated Con-
texts

As virtual interaction becomes routine rather than exceptional, recurring difficulties in everyday

mediated encounters have begun to shape users’ long-term participation in virtual communities.

Experiences such as heightened anxiety during video-mediated interviews or declining motiva-

tion in self-regulated digital exercise are not isolated usability issues; they influence whether

users feel willing, confident, and sustained in engaging with mediated social environments over

time. Addressing such recurring interaction-level difficulties is therefore central to supporting

the broader social viability of virtual communities.

Against this backdrop, the present work focuses on two representative interaction contexts:

1. Video-mediated oral communication and interview anxiety: High-stakes oral commu-

nication tasks conducted via video conferencing, such as presentations and interviews,

often induce elevated anxiety. Users may experience social evaluation pressure, self-

consciousness, or nervousness, negatively affecting both emotional well-being and per-

formance.

2. Self-regulated physical activity and motivation challenges: Individuals engaging in self-

regulated exercise, including home-based workouts with virtual companions, often strug-

gle to maintain motivation and adherence. Without social facilitation cues, users may

3



experience lower engagement and reduced enjoyment, limiting the effectiveness of such

interventions.

These contexts serve as empirically tractable micro-level scenarios, allowing the investiga-

tion of how modulating social presence can influence emotion and performance.

1.4 The Role of Social Presence in Mediated Interaction

Social presence—the sense of being with another socially salient entity—has been widely stud-

ied as a determinant of both emotional experience and behavioral performance. According

to social facilitation theory, the mere presence of others can enhance performance on simple or

well-learned tasks while sometimes impairing performance on complex or novel tasks [166, 14].

In mediated interactions, perceived social presence has been shown to influence task engage-

ment, motivation, and anxiety levels [7]. These findings provide theoretical and empirical jus-

tification for targeting social presence as a mechanism: modulating perceived social presence

may be able to influence emotional and performance outcomes in specific interaction contexts.

1.5 Design Insight: Appearance Adjustment via Emotional
Channels

Prior research on emotional attachment to virtual others (e.g., LOVE) suggests that people can

develop meaningful emotional connections with virtual agents, which increases the perceived

realness of these virtual others and facilitates social engagement [49]. This body of work in-

spires the current research: if social presence can affect performance and attachment increases

perceived realness, then manipulating the appearance of interaction partners via emotional chan-

nels (e.g., familiarity, liking) may provide a practical mechanism for modulating social presence

and its downstream effects on emotion and behavior.

Building on this insight, this dissertation investigates how emotional channels—specifically

familiarity and liking—can be leveraged to adjust the visual appearance of interaction partners.

The hypothesis is that by enhancing familiarity or positive affect toward a partner’s appearance,

users may experience greater perceived social presence. In turn, changes in perceived social

presence are expected to influence users’ emotional experiences (e.g., reducing anxiety, in-

creasing comfort or enjoyment) and potentially support improved behavioral engagement (e.g.,

motivation or communicative performance). The proposed studies empirically examine these
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mechanisms in controlled yet ecologically valid settings, providing foundational evidence for

how appearance-based design can support adaptive, socially facilitative virtual interactions.

1.6 Motivation

Because existing research has largely focused on self-representation, a critical gap remains in

our understanding of how the appearance of others—such as interaction partners, audiences,

or virtual agents—shapes emotional experience, social perception, and performance outcomes.

Yet in everyday interactions, individuals are often more influenced by how others appear than

by how they represent themselves.

As virtual environments increasingly incorporate diverse social actors, including AI-driven

agents and hybrid human–agent interactions, this gap limits both our theoretical understanding

of mediated social presence and the development of effective design practices. Addressing this

academic gap therefore constitutes a central motivation for the present research.

Moreover, given the growing prevalence of virtual presence and virtual environments in fu-

ture societies, it is crucial to understand how the roles and visual representations of avatars or

agents—whether representing oneself or others—shape users’ perceptions and influence inter-

action processes. Promoting more effective communication and interaction on virtual platforms,

thus represents another key motivation for pursuing this line of research.

1.7 Augmented Reality as a Methodological Lens

Augmented reality provides a uniquely suitable platform for this investigation. Unlike fully

virtual environments, AR preserves real-world social cues—such as facial expressions, gaze,

and physical context—while enabling targeted visual augmentation. This hybrid quality allows

appearance to be manipulated without stripping away the richness of embodied interaction.

By leveraging AR, this dissertation examines how subtle adjustments to others’ appearance

can recalibrate social presence in everyday interaction contexts, offering both experimental con-

trol and ecological validity.
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1.8 Overview of the Two Studies

To explore appearance-mediated social presence across different forms of interaction, this dis-

sertation presents two empirical studies situated in complementary contexts.

Study 1 examines high-pressure oral communication in video-mediated interviews. By aug-

menting the interviewer’s appearance using AR face filters, the study investigates whether re-

ducing or reshaping perceived social presence can alleviate anxiety and improve communicative

performance.

Study 2 extends this inquiry to embodied physical activity, examining AR-based exercise

companions. Here, the appearance of a virtual agent is designed to enhance social presence,

with the goal of increasing motivation, engagement, and physical performance.

Although these studies differ in task demands and interaction goals, they are unified by

a common mechanism: manipulating the appearance of others as a means of regulating per-

ceived social presence and, in turn, shaping user experience and performance. By connecting

these individual-level mechanisms to broader community-level objectives, the research aims

to provide insights for designing virtual environments that are both socially and emotionally

supportive.

1.9 Contributions and Scope

Together, these studies advance understanding of how interaction partner appearance operates

as a key yet understudied mechanism in mediated interaction. By extending social presence

research beyond self-avatar effects, this dissertation addresses a significant theoretical gap and

offers practical design insights for communication platforms, AR applications, and future AI-

driven companions.

Ultimately, this work lays foundational groundwork for designing virtual and augmented

environments that are not only functional but also emotionally intelligent, adaptive, and sup-

portive of human well-being.

1.10 Thesis Structure

This dissertation is organized into six chapters (see Fig 1.2), each addressing a specific compo-

nent of the research program and collectively building toward a comprehensive understanding
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of how the appearance of others influences user experience in augmented and virtual communi-

cation environments.

Figure 1.2: Thesis structure

Chapter 1: Introduction

This chapter introduces the dissertation’s conceptual framework, outlining the research motiva-

tion, theoretical foundations, and overall structure of the study. It describes the key interaction

challenges addressed in the dissertation and positions social presence as the central theoretical

construct guiding the subsequent empirical investigations.

Chapter 2: Literature Review

This chapter reviews prior research that provides the theoretical foundation and design rationale

for the two empirical studies in this dissertation. The literature is organized around the role

of social presence in shaping emotional, motivational, and performance-related outcomes in

mediated interaction. The chapter is structured in two parts: the first examines social presence

and anxiety in evaluative communication contexts, while the second reviews social facilitation

and mediated companionship in physical activity. On this basis, the chapter also articulates a

conceptual model proposing that strategic engagement of emotional appearance channels can

mitigate anxiety in evaluative communication and support motivation in self-regulated physical

activity.

Chapter 3: Study 1 — Relieving User Anxiety in Video Interviews

This chapter details the first empirical study, which investigates the framework’s predictions in a

high-stakes evaluative communication context by examining how augmenting the interviewer’s
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appearance through AR face filters affects user anxiety, comfort, and communication perfor-

mance in video interviews. It presents the study design, methodology, experimental procedure,

and quantitative analyses. The chapter concludes with a discussion of key findings and their

implications for anxiety reduction in high-stakes digital interactions.

Chapter 4: Study 2 — Enhancing User Engagement in Physical Exercise

Study 2 extends these predictions to embodied physical activity, examining how the appearance

of an AR-based virtual agent influences user engagement, motivation, and behavioral adherence

during physical exercise. The chapter describes the agent design, experimental setup, data

collection procedures, and analytic methods. Results are presented alongside an interpretation

of how augmented agent appearance shapes user perception and activity participation.

Chapter 5: General Discussion

This chapter integrates findings from two empirical studies to examine how the appearance of

others regulates emotional experience and behavioral performance in mediated interaction. By

comparing familiarity, realism, and stylization across contexts, the chapter synthesizes how ap-

pearance cues calibrate psychological distance, shape appraisals of social evaluation or support,

and influence affective and performance outcomes. Then develops a cross-study synthesis high-

lighting common mechanisms, contextual differences, and implications for theory and design.

Chapter 6: Conclusion

This chapter concludes the dissertation by summarizing its motivation, research approach, and

contributions, and by discussing its significance, limitations, and future directions.

1.11 Summary

As virtual and augmented environments become increasingly central to everyday social inter-

action, supporting healthy, effective, and emotionally sustainable communication within these

spaces has become a critical challenge. Rather than approaching this problem at the community

level directly, this work takes an individual-level experimental approach as a first step toward

understanding how interaction experiences can be shaped and regulated. Across two studies
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situated in distinct yet representative contexts—high-pressure oral communication and self-

regulated physical exercise—we examine how adjusting the appearance of interaction partners

can modulate perceived social presence. By demonstrating that appearance-based social pres-

ence regulation influences both users’ emotional experiences and performance outcomes, this

dissertation extends prior social presence research beyond self-avatar appearance effects and

provides empirical grounding for new design strategies. Together, these findings point toward

more adaptive and psychologically supportive interaction environments, offering early insights

for the design of future virtual communities.
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Chapter 2

Literature Review

2.1 Overview

This chapter reviews prior research that informs the design and theoretical grounding of the

two empirical studies in this dissertation. Rather than treating appearance, social presence,

and performance as independent factors, the reviewed literature is organized around how the

visual representation of others shapes users’ emotional and behavioral responses in mediated

interaction. The chapter is structured in two parts. The first part focuses on appearance-based

modulation of anxiety in evaluative communication contexts, examining how familiarity, styl-

ization, and visual abstraction influence perceived safety and evaluation pressure. The second

part reviews research on social facilitation and virtual or augmented companions in physical

activity, highlighting how different forms of mediated presence affect motivation, engagement,

and performance. Together, this review establishes appearance as a central yet underexplored

mechanism for regulating social presence across cognitive and embodied interaction domains.

2.2 Appearance and Social Presence in Mediated Interaction

Social presence—the sense of being with another social entity—has long been recognized as a

central factor shaping interaction quality in mediated environments. Prior research demonstrates

that social presence is not determined solely by communication bandwidth or system fidelity,

but is strongly influenced by how interaction partners are visually represented. Appearance cues

shape expectations of agency, evaluative intent, and emotional availability, thereby affecting

how users interpret and respond to mediated interaction.

In virtual and augmented environments, appearance becomes a designable variable. Avatars,
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face filters, and embodied agents allow designers to systematically manipulate realism, styliza-

tion, familiarity, and expressiveness, offering new opportunities to regulate perceived social

presence. Understanding how these appearance manipulations influence users’ emotional expe-

rience and performance is therefore essential for both theory and design.

2.3 Asymmetry in Prior Work: From Self-Avatars to Others’
Appearance

A substantial body of research has examined how users’ own avatars influence their attitudes

and behavior, most notably through the Proteus effect. Studies consistently show that avatar

attributes such as attractiveness, height, and role-related cues can alter self-perception, confi-

dence, and task performance. While this work has established the importance of appearance in

mediated interaction, it has predominantly focused on self-representation.

In contrast, far less research has systematically examined how the appearance of others—interaction

partners, evaluators, audiences, or virtual agents—shapes emotional responses, social judg-

ments, and behavioral outcomes. Yet in everyday interaction, individuals are often more sensi-

tive to how others appear than to how they represent themselves. This imbalance represents a

critical gap in the literature on social presence and mediated interaction.

2.4 Appearance-Based Regulation in Evaluative Communi-
cation Contexts

One line of relevant research examines how the appearance of audiences or evaluators influences

anxiety and performance in public speaking and presentation tasks. Prior work demonstrates

that audience realism, facial expression, and visual abstraction can significantly affect speakers’

emotional responses.

Study A: Girondini et al. [51] – Human vs. Cartoon avatar (Fig 2.1)

This study investigated how variations in graphical realism (human-like vs. cartoon-like avatars)

and acoustic realism (human vs. synthetic voices) within a virtual audience influence users’ per-

ceptions during public-speaking tasks. Participants engaged in multiple virtual public-speaking

scenarios, each featuring different combinations of avatar and voice realism.
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The findings indicated that higher graphical realism—specifically the use of human-like

avatars—substantially increased participants’ sense of presence and perceived realism. Con-

versely, presenting audiences with less realistic, stylized avatars (e.g., cartoon figures) helped

mitigate anxiety during the speaking task.

Relevance. These results suggest that stylized representations create emotional distance and

reduce evaluative pressure, aligning with Study 1’s argument that anime-style visuals function

as a psychological buffer.

Figure 2.1: Cartoon avatar from related work [51]

Study B: Monteiro et al. [102], Barrett et al. [10]

However, the role of familiarity is less consistent. This study examined how audience familiar-

ity influences anxiety during foreign-language speech tasks across both virtual and real-world

settings. Participants delivered speeches to two types of audiences: (1) familiar individuals,

such as teachers or researchers, and (2) unfamiliar individuals. Measures of anxiety and perfor-

mance were collected across conditions.

The results showed that the presence of familiar faces did not reduce participants’ speaking

anxiety, nor did it enhance their performance.

Relevance. These findings suggest that the expected benefits of audience familiarity may

be diminished when the familiar individuals occupy evaluative or authority roles.
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Study C: Leong et al. [88] – AR Filters in Video Presentations, see Fig 2.2

Augmented reality studies further suggest that selectively modifying others’ appearance may of-

fer a practical means of anxiety regulation. In this study, participants delivered video-conference

presentations while applying augmented-reality (AR) filters to the audience’s faces. These fil-

ters included cosmetic enhancements, accessories, and fully non-human (e.g., animal) facial

transformations.

Findings from semi-structured interviews indicated that these face filters reduced perceived

intimidation and increased presenters’ comfort during the task, suggesting that such visual mod-

ifications can serve as an effective anxiety-management tool.

Relevance. This study illustrates the potential of privately altering others’ facial appear-

ances to mitigate evaluation anxiety, providing conceptual support for the AR-filter design used

in Study 1.

Figure 2.2: AR face filters from related work [88]

Study D: Yoneyama et al. [163] – Anime vs. Real Faces in AR Conversation, see Fig 2.3

This study explored the effects of augmented-reality face overlays during casual, non-evaluative

conversations. Participants interacted with partners whose faces were modified using three

overlay types: human-like faces, anime-style faces, and smiling-face augmentations.

Participants reported warm and positive feelings toward anime-style faces. However, ev-

idence for anxiety reduction was inconclusive, potentially due to practice effects and uncon-

trolled facial-expression variables.

Relevance. The findings suggest that anime-style avatars may foster comfort, but controlled
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evaluative contexts are needed to assess their anxiolytic potential—precisely the gap addressed

by Study 1.

Figure 2.3: Visual effects from related work [163]

Synthesis and Gaps

Collectively, these studies reveal that others’ appearance influences evaluative anxiety, but

through inconsistent and insufficiently understood mechanisms:

Visual abstraction shows promise but lacks clarity:

• Stylized avatars (Study A) and AR filters (Study C) reduced perceived intimidation and

anxiety

• However, the specific features responsible—reduced realism, altered expressions, or nov-

elty effects—remain confounded

• Study D’s findings on anime faces were inconclusive due to uncontrolled variables and

non-evaluative contexts

Familiarity effects are contradictory:

• Familiar faces did not reduce anxiety when occupying evaluative roles (Study B)
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• Yet other studies suggest familiarity can provide comfort

• This contradiction suggests that familiarity’s effect depends on perceived relational role—whether

the familiar person is perceived as supportive or evaluative.

Critical limitations of prior work:

• Confounded variables: Most studies manipulate multiple appearance features simultane-

ously (realism + expression + familiarity), making it impossible to isolate specific mech-

anisms

• Lack of controlled evaluative contexts: Studies either use non-evaluative conversations or

fail to systematically vary evaluation intensity

• Insufficient theoretical grounding: No studies explicitly test whether effects operate through

social presence modulation, cognitive distancing, or affective safety pathways

• Neglect of individual differences: Trait anxiety and personal preferences are rarely mea-

sured, despite likely moderating appearance effects

Research gap: A systematic investigation is needed to disentangle familiarity from styl-

ization, test their effects under controlled evaluative pressure, and identify the psychological

mechanisms (social presence, evaluation threat appraisal) through which appearance regulates

anxiety and performance.

2.5 Virtual Social Presence in Physical Activity

A second body of research relevant to this dissertation concerns social facilitation and the pres-

ence of others during physical activity. Classic social facilitation theory predicts that the pres-

ence of others enhances performance on simple or well-learned tasks, while potentially impair-

ing performance on complex tasks. However, evidence for such effects in virtual environments

remains mixed.

Study A: Sterna et al. [139] – Social Facilitation in Virtual Environment

This review examined prior research on how virtual social presence influences task performance

across domains such as public speaking and search tasks. The studies typically explored clas-

sic social facilitation patterns—enhanced performance on simple tasks and diminished perfor-
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mance on complex tasks. However, the overall evidence was inconsistent, with only one study

fully demonstrating the expected facilitation–inhibition effects.

Relevance. These findings indicate that virtual presence alone often fails to reproduce the

robust social facilitation effects observed with real audiences, highlighting the need for more

effective designs for mediated spectators.

Study B: Haller et al. [59] – VR Cycling with Applauding Crowd

This study examined how an active virtual audience influences physical performance during

high-intensity interval training (HIIT) on a cycling ergometer. Participants completed the exer-

cise within a virtual environment under two conditions: (1) a virtual crowd delivering synchro-

nized applause and rhythmic cues, and (2) no audience present.

Results showed that the active virtual crowd elicited higher cycling speeds and increased

heart rates, indicating elevated physical effort. However, it remained unclear whether these

performance gains were attributable specifically to the presence of the crowd, the rhythmic

cues, or the combination of both.

Relevance. This work suggests that virtual audiences can enhance performance, but it also

highlights the need to disentangle social effects from rhythmic or auditory entrainment mecha-

nisms.

Study C: Xu et al. [160] – Encouraging vs. Neutral Virtual Audiences in Exergames, see
Fig 2.4

Participants engaged in gesture-based virtual reality (VR) exergames while being exposed to

virtual audiences exhibiting distinct behaviors. The type of audience feedback was systemat-

ically manipulated, consisting of either encouraging feedback, such as cheering and clapping,

or neutral feedback, in which no response was provided. The results indicated that exposure to

encouraging audiences significantly enhanced participants’ game performance, overall experi-

ence, and levels of physical exertion.

Relevance: The findings suggest that behavioral feedback from virtual audiences exerts a

significant influence on participants; however, it remains unclear whether this effect is primarily

driven by the audience’s visual behaviors or by auditory cues, such as cheering.
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Figure 2.4: Audience feedback and size conditions from related work [160]

Study D: Hamada et al. [60] – Smartglasses Running Partner, see Fig 2.5

More recent work has explored partner-like virtual and augmented companions. In this study,

participants engaged in running while wearing smartglasses that displayed a virtual running

partner. The experimental conditions consisted of jogging alone, jogging with a human partner,

and jogging with a virtual partner, with variations in the representation of the virtual partner.

The results demonstrated that running with virtual partners significantly influenced participants’

motivation and behavior compared to running alone. Moreover, the specific representation of

the virtual partner shaped how participants perceived and interacted with the agent.

Relevance: These findings indicate that partner-like virtual agents can effectively support

exercise engagement and may serve as a valuable tool for promoting sustained physical activity.

Figure 2.5: AR runner from related work [60]
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Study E: Nam et al. [107] – AR Fitness Dog, see Fig 2.6

In this study, participants exercised while accompanied by an augmented reality (AR) virtual

dog that mirrored their actions. The experimental conditions included exercising with a mim-

icking virtual dog, exercising with a randomly behaving virtual dog, and exercising without a

virtual dog. These conditions were tested in both solo and paired group exercises. The results

indicated that the mimicking virtual dog significantly enhanced the exercise experience for solo

participants by fostering a stronger sense of companionship.

Relevance: These findings suggest that AR companions can provide emotional support and

promote a feeling of “not exercising alone,” thereby potentially increasing exercise engagement

and adherence.

Figure 2.6: AR fitness dog from related work [107]

Synthesis and Gaps

While these studies demonstrate that virtual and AR companions can influence exercise moti-

vation and performance, several critical questions remain unanswered:

1. Appearance is underexplored:

• Studies focus primarily on behavior (encouraging vs. neutral, Study C) or synchrony

(mimicking vs. random, Study E)
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• The visual appearance of companions has not been systematically manipulated

2. Mechanisms are unclear:

• Prior work conflates social presence with behavioral feedback (cheering, clapping)

• It remains unknown whether visual presence alone, without behavioral cues, can

modulate motivation

3. Pressure vs. support tradeoff is unexamined:

• Real audiences boost performance but also increase pressure (classic social facilita-

tion)

• Virtual companions may reduce pressure, but can they maintain motivational bene-

fits?

• No study has directly compared real spectators, realistic virtual agents, and stylized

companions to identify optimal presence calibration

Research gap: Prior work confounds companion appearance with behavioral feedback (cheer-

ing, synchrony), preventing a clear assessment of whether visual design alone can modulate mo-

tivation and pressure. This gap is critical because if appearance can calibrate perceived social

presence, it offers a scalable design strategy for AR fitness systems.

2.6 Research Gaps and Dissertation Approach

The literature reviewed above reveals critical gaps in understanding how appearance regulates

social presence across interaction contexts. While existing work demonstrates that social pres-

ence is not uniformly beneficial—it can enhance performance through motivation (physical ac-

tivity) or impair it through evaluation anxiety (public speaking)—research remains fragmented.

Evaluative communication studies examine anxiety reduction but rarely manipulate appearance

systematically. Physical activity research focuses on behavioral feedback but neglects visual

design. No work systematically compares how the same appearance manipulations operate

across cognitive-evaluative versus embodied-motivational tasks, nor accounts for individual dif-

ferences such as trait anxiety.

This dissertation addresses these gaps through two complementary studies:

• Study 1 systematically manipulates interviewer appearance (familiar, unfamiliar, stylized)

in high-pressure video interviews to isolate appearance effects on anxiety and communi-
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cation performance.

• Study 2 extends this investigation to exercise, comparing real audiences, video spectators,

and AR companions with varying appearances to test whether appearance can provide

motivational support while reducing evaluation pressure.

By examining others’ appearance as a regulator of social presence across both contexts, this

work establishes appearance as a generalizable design mechanism, providing both theoretical

clarification and practical guidance for adaptive virtual interaction systems.

2.7 General Framework

Conceptual Model: Appearance-Mediated Social Presence Regulation

Building on prior work in social presence, mediated interaction, and digital embodiment, this

dissertation adopts a conceptual model in which the appearance of interaction partners functions

as a primary design lever for regulating perceived social presence, thereby shaping users’ emo-

tional experience and behavioral performance. Within this model, appearance is not treated as

a static visual attribute, but as an interpretable social signal that conveys cues about evaluative

intent, emotional availability, and relational distance.

Specifically, variations in appearance—such as familiarity, stylization, and aesthetic align-

ment—are proposed to modulate how intensely others are perceived as socially present. These

modulations, in turn, influence how users appraise an interaction situation, including perceived

safety, pressure, and support. Rather than assuming social presence to be uniformly beneficial,

this model emphasizes its context-dependent and bidirectional role: elevated social presence

may increase motivation and engagement in supportive contexts, while reduced or softened

social presence may alleviate anxiety and evaluative stress in high-pressure situations.

Downstream, these appearance-mediated changes in perceived social presence are expected

to affect both subjective outcomes (e.g., anxiety, comfort, enjoyment, perceived support) and

objective or behavioral outcomes (e.g., attentional engagement, verbal fluency, persistence, and

physical performance). Importantly, the model also accommodates individual differences, such

as trait anxiety, which may moderate how appearance cues are interpreted and how social pres-

ence is experienced.

Together, this conceptual model provides a unifying framework for examining how targeted

appearance design can systematically regulate social presence and interaction outcomes across
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distinct domains. It motivates the two empirical studies in this dissertation, which investi-

gate this mechanism in evaluative communication and embodied physical activity, respectively,

offering a foundation for more adaptive and psychologically supportive mediated interaction

design, shown in Fig 2.7.

Figure 2.7: Appearance-Mediated Social Presence Framework
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2.7.1 Research Objectives

Validate the proposed appearance-based social presence regulation mechanism for addressing

real-world challenges in mediated interaction.

Objective 1 — Appearance → Perception

To examine how variations in others’ appearance (e.g., familiarity, stylization, and likability)

influence users’ perception of social presence and evaluation in mediated interactions.

Objective 2 — Emotion Regulation

To investigate how these appearance cues regulate users’ emotional states, particularly anxiety

reduction in evaluative cognitive tasks and affective up-regulation in physical activities.

Objective 3 — Performance Consequences

To assess how appearance-driven emotional and perceptual changes translate into behavioral

and performance outcomes in both communication and embodied action tasks.

Objective 4 — Integration & Design

To integrate findings across contexts in order to develop a generalizable framework of appearance-

mediated social presence and derive design implications for AR-based communication systems

and virtual companions.

2.7.2 Overview of Empirical Studies

• Study 1 focuses on reducing evaluative anxiety by softening social presence in video-

mediated interviews.

• Study 2 examines how enhancing supportive social presence through AR companions

facilitates motivation and performance in physical exercise.
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2.8 Summary

This chapter reviewed prior research on appearance-based modulation of social interaction

across evaluative communication and embodied physical activity, highlighting how visual rep-

resentations of others shape emotional experience, engagement, and performance in mediated

contexts. The literature on public speaking and video-mediated interviews suggests that modi-

fying evaluators’ appearance—through familiarity or stylization—can influence anxiety by al-

tering perceived safety and evaluative pressure, yet existing studies often confound familiar-

ity, expressiveness, and task context. Research on social facilitation and virtual companions

demonstrates that the presence of others can enhance physical performance and motivation, but

frequently at the cost of increased pressure, and with limited attention to how appearance and

emotional closeness shape these effects.

Building on these findings, this chapter introduced a General Framework that is explic-

itly predictive. The framework proposes that the appearance of others functions as a control-

lable social cue that systematically modulates perceived social presence, which in turn predicts

emotional and behavioral outcomes. Specifically, it generates testable predictions that appear-

ance cues associated with intimacy increase psychological safety and reduce evaluative anxiety,

whereas cues associated with distance or stylization reduce perceived scrutiny by weakening

evaluation-related signals. In action-oriented contexts, the same mechanism predicts that so-

cially supportive appearances enhance motivation and performance without eliciting excessive

pressure.

Importantly, the framework further predicts that these effects are context- and person-dependent,

with task demands (evaluative vs. action-oriented) and individual differences such as trait anx-

iety moderating how appearance-based social presence is interpreted. Rather than assuming

social presence to be uniformly beneficial or harmful, the framework treats it as a regulative

variable whose optimal level depends on both situational goals and user characteristics.

The framework carries broader implications for the design and sustainability of future vir-

tual and augmented communities. As social interaction increasingly takes place in persistent

digital spaces, individuals will be exposed to a growing volume of mediated social presence.

By conceptualizing others’ appearance as a mechanism for regulating social presence rather

than merely increasing it, this work highlights a pathway toward more harmonious and psy-

chologically supportive virtual communities. The framework supports a vision of future virtual

communities in which interaction is not only engaging and effective, but also emotionally sus-

tainable—promoting inclusion, well-being, and long-term social harmony.

Together, this literature review and predictive framework motivate the two empirical studies
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presented in the following chapters. Study 1 tests the framework’s predictions in a high-stakes

evaluative communication context by examining how interviewer appearance modulates anxi-

ety and performance in video interviews. Study 2 extends these predictions to embodied phys-

ical activity, examining how the appearance of augmented companions regulates motivation

and engagement. Collectively, these studies provide a systematic empirical test of appearance-

mediated social presence as a mechanism for regulating emotion and performance in mediated

interaction.
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Chapter 3

Study 1: Relieving User Anxiety in Video
Interviews

3.1 Overview

Chapter 3 investigates how different forms of mediated social presence influence emotion reg-

ulation during an evaluative cognitive task. It opens with a theoretical rationale connecting

social facilitation and cognitive reappraisal, framing interviewers using face-filter as affec-

tive stimuli that can either heighten or relieve presentation anxiety. The method section de-

tails a three-condition design—Friend (familiar), Anime (stylized figure), and Stranger (neu-

tral)—with measures of state anxiety (STAI-S), perceived performance, word count, gaze be-

havior, and physiological indices (nasal temperature, prefrontal blood flow). The results section

reports significant reductions in anxiety and improved perceived performance in the Friend

condition, but limited differences for Anime. Behavioral and eye-tracking data reveal that emo-

tional familiarity promotes engagement, whereas detachment weakens social focus. These find-

ings highlight how mediated appearance modulates evaluative stress: familiar representations

promote mediated affective co-regulation, thereby alleviating anxiety, whereas anime-style styl-

ization facilitates cognitive distancing by reducing perceived realism—but the reduced feedback

cues can also introduce a sense of unease.

3.2 Introduction

Anxiety is generally considered a feeling of worry, unease, or apprehension about an uncertain

outcome [36]. From a psychological point of view [77], it is considered an emotional state
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manifested through sensations of tension, worrying thoughts, and physical changes [147]. Ac-

cording to cognitive-behavioral theory [11], anxiety often stems from negative thoughts and

irrational beliefs. The anxiety sensitivity theory [127] suggests that anticipatory anxiety occurs

before an event, as individuals fear the potential occurrence of negative outcomes. Meanwhile,

the evolutionary paradigm [109] views anxiety as an adaptive response that helps enhance alert-

ness when facing challenging environments. Anxiety permeates various aspects of our daily

lives, including communication anxiety, test anxiety [147], programming anxiety [165], math

anxiety [70, 151], computer anxiety [28], among others.

Oral presentations have long been regarded as one of the most anxiety-inducing events

[38, 96, 138, 102]. Given that prolonged anxiety can lead to various adverse effects, such

as limitations in personal social interactions, erosion of self-esteem and confidence, and nega-

tive impacts on work performance [165, 70, 54, 67], various measures have been proposed to

alleviate such anxiety. For instance, previous studies have leveraged virtual reality (VR) to help

them overcome presentation anxiety by being repeatedly exposed to public speaking scenarios

[55, 133, 63, 123, 145, 134]. Additionally, one study explored the usage of speech-based feed-

back to address anxiety. It first recorded the speaker’s voice under stable emotional conditions

to capture its characteristic features. During the presentation, the speaker receives the modi-

fied voice which reflects the characteristics of their stable-state voice, effectively creating the

illusion that they were composed and confident aiming to reduce the speaker’s anxiety [72].

Oral presentations are typically considered to take place in face-to-face settings. However,

with the rapid development of computer-mediated communication technology in recent years,

giving presentations through video conferences has become very common. However, there is

limited research on the anxiety experienced by speakers in video conferences which is based on

computer-mediated communication platforms.

In our investigation of video conferences, we found that although it has revolutionized com-

munication by providing a platform for efficient and instantaneous connections across various

settings, this technology also presents challenges, including video conferencing fatigue, which

is perceived as more mentally taxing than face-to-face interactions [75]. Previous studies have

suggested that heightened anxiety levels during video conferences may stem from platform

characteristics, particularly the sense of close proximity [19, 69]. The intimacy created by the

proximity between users and screens can make people feel uncomfortable when interacting with

unfamiliar individuals, thereby increasing anxiety. According to interpersonal distance norms,

the personal distance for interactions among close friends or family falls within a close range of

0.46 to 0.76 meters. Maintaining a social distance of 1.2 to 2.1 meters is generally considered

more comfortable when interacting with strangers [58]. However, during video conferences, the

physical distance between participants and the unfamiliar faces on the screen typically shrinks
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to about 0.5 meters, leading to discomfort and anxiety due to the significant deviation from

expected social norms.

Additionally, the limited environmental cues in video conferencing settings amplify the

prominence of participants’ gazes [4, 37, 62, 116]. In traditional face-to-face conferencing

scenarios, various environmental factors and body language cues help distribute attention and

reduce the intensity of direct eye contact. However, in video conferencing scenarios, the ab-

sence of these contextual elements makes participants’ gazes more pronounced. This increased

eye contact not only creates discomfort from being constantly observed but also leads to the

anxiety of maintaining it, thus causing anxiety [66]. In summary, performing a presentation in

video conferences triggers inherent anxiety not only from the event itself but also due to the

platform of video conferences.

Video conferences offer a distinct advantage of modifying visual contents on the screen that

may influence our perception. Virtual background selection plays a vital role in shaping others’

perceptions. Previous research revealed that concealing the original setting using virtual back-

grounds effectively mitigated extreme ratings of speakers’ personality traits [69]. A commonly

recommended strategy for reducing anxiety during oral presentations is to mentally reframe

the audience in a less intimidating and more familiar context. For instance, speakers are often

advised to imagine their audience in humorous or mundane situations—such as picturing them

wearing mismatched socks or having holes in their socks—to reduce the perceived threat of neg-

ative evaluation [12, 88, 87]. Such mental reframing techniques aim to foster a more relaxed

internal environment by lowering the audience’s perceived authority or formality. Extending

this idea into the digital domain, computer-mediated communication platforms like video con-

ferencing now offer technological means—such as Augmented Reality (AR) filters—to visually

transform the audience’s appearance. These filters provide an opportunity to create a presen-

tation context that is less intimidating and more psychologically comfortable. Specifically,

comfort may arise through two complementary pathways: familiarity and visual abstraction.

Familiar faces, such as those of close friends, can evoke a sense of trust and safety, reducing

anticipatory anxiety by minimizing fear of negative judgment [91]. On the other hand, cartoon-

like or anthropomorphic avatars introduce a layer of abstraction that distances the speaker from

the realism of social evaluation. These non-threatening, stylized visuals reduce perceived inter-

personal intensity, creating an emotionally buffered environment that supports more confident

speaking behavior [88, 163]. A previous study surveyed 100 participants to investigate their

perceptions of this private AR face filter technology [88]. The results revealed a high level of

acceptance, even when the filter was privately applied to themselves. One primary reason for

using the filter was to reduce negative emotions such as anxiety and fear, thereby creating a

more relaxed atmosphere. Additionally, applying filters to others’ faces was often motivated by
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the desire to diminish the sense of intimidation posed by others.

Building upon these insights and the psychological mechanisms underlying audience per-

ception, the present study investigates whether visually altering the appearance of the audience

can help reduce oral presentation anxiety in one-on-one video conferencing settings. Specifi-

cally, we examine two types of visual modifications: replacing the audience’s face with that of

a close friend (to evoke familiarity), and with an attractive anime character (to introduce visual

abstraction). To assess their effects, we conducted a between-subjects experiment with 45 par-

ticipants, analyzing physiological signals, user behaviors, and self-reported perceptions. This

approach aims to provide empirical evidence on how different visual strategies may alleviate

presentation-related anxiety and inform the design of supportive communication technologies

in virtual settings.

3.3 Face-filter proposal

In addition to audience behavior [13, 27, 74, 73], attitude [105, 27], presence [46], and size [104,

133, 149], the appearance of the audience [10, 102] has also been found to influence the oral pre-

sentation anxiety levels in virtual environments. In the context of video conferencing, privately

applying AR filters to modify the appearance of the other party on one’s own screen holds great

potential for alleviating users’ social anxiety, especially in anxiety-inducing situations such as

interviews or public speaking [88, 163].

3.3.1 Audience familiarity

Audience familiarity is considered an important factor in eliciting anxiety [10, 5, 91, 21, 99]. Fa-

miliar friends as audience are often perceived as more tolerant and understanding, with a lower

likelihood of giving negative evaluations [91]. Consequently, speakers are likely to anticipate

a pleasant speech environment, allowing them to deliver speeches in a more relaxed manner.

When the actual situation aligns with this expectation, familiar friends as audience evoke the

lowest levels of tension. However, if the expectation is not met and the audience behaves un-

pleasantly, familiar audiences may provoke anxiety levels similar to or even greater than those

caused by unfamiliar audiences [18, 48]. This observation was further supported by MacIntyre

and Thivierge’s study [91], in which participants were asked to imagine giving speeches in front

of audiences that varied in familiarity and emotional expressions. Their findings indicated that

anxiety was lower when speaking in front of friends, as a high familiarity. However, the effect

of familiarity was weaker compared to that of pleasant facial expressions. Future studies should
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focus on designing experiments that measure actual emotional responses to minimize potential

biases arising from imagined scenarios. In particular, it is crucial to control for the influence

of emotional feedback when assessing the effect of familiarity on anxiety. Additionally, the

study required participants to imagine an audience size of 20, raising some questions, such as

20 distinct or 20 identical faces. This ambiguity could impact the interpretation of familiarity

effects. Despite some limitations, this study provides preliminary evidence that highly familiar

audiences can be effective in alleviating anxiety during oral presentations.

Previous study [102, 10] examined how familiar and unfamiliar audiences influence speak-

ers’ anxiety levels during foreign language speeches in both VR and real-world settings. In the

VR environment, familiar audiences were found to induce higher anxiety compared to unfa-

miliar ones. The authors attributed this to the lower realism of computer-generated unfamiliar

audiences, which might have reduced the sense of presence and, consequently, the anxiety they

provoked. In contrast, familiar audiences were represented using scanned 3D images. However,

the authors later challenged their explanation by referencing prior literature [115, 46] suggesting

that photorealism is not a precursor to the sense of co-presence in virtual environments. In the

real-life setting, no significant effect of audience familiarity on anxiety was observed. Addition-

ally, the results indicated that individuals with a moderate fear of public speaking experienced

reduced anxiety when presenting in front of virtual audiences composed of familiar faces. The

small sample size of the experiment (10 participants) and the choice of familiar faces, such as

teachers and researchers, who are often perceived as authoritative figures, who could potentially

heighten anxiety [71], may have influenced the effect of audience familiarity.

To bridge the gap in empirical research on the effects of highly familiar audiences, we

propose using the appearance of good friends as a facial filter to alleviate oral presentation

anxiety during online conferences. Moreover, the choice is likely to minimize the presence of

authoritative audiences, thereby reducing their potential impact on anxiety levels.

Hypothesis 1: Modifying the interviewer’s appearance to resemble a good friend will re-
duce the speaker’s anxiety in one-on-one video conferences.

3.3.2 Non-human entity

Leong et al. [88] found that compared to makeup or accessory-based modifications, most par-

ticipants preferred applying non-human AR filters, such as lions, to the audience’s faces during

presentations. These full-face filters completely masked the real human appearance, reducing

the sense of realism in the online public speaking environment and thereby alleviating the anx-

iety of being judged. Additionally, these non-human characters were perceived as cute and
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friendly, which helped speakers feel more confident and contributed to reducing presentation

anxiety during video conferences [88]. While animal appearances can help mitigate the anxiety

of negative evaluations, they also introduce additional challenges. One major issue is the lack

of facial expression cues, which may lead to uncertainty and discomfort for the speaker. A

promising solution to this problem is the use of anthropomorphic characters. Their human-like

appearance provides a sense of familiarity and facial expression cues [163], while their non-

human nature can still reduce realism and alleviate the anxiety associated with being judged.

This idea is supported by the study conducted by Girondini et al. [51], which found that de-

livering a speech in front of real humans induced higher anxiety levels than speaking in front

of cartoon characters. Moreover, using anime characters to cover the face of one’s conversa-

tion partner is considered similar to positive facial feedback, making interactions feel easier for

individuals with social anxiety [162].

Yoneyama et al. [163] explored the impact of modifying a conversation partner’s appearance

into either an anime character or a real person using AR head-mounted displays (HMD) during

real-life interactions. Their experiment found that anime characters did not significantly reduce

anxiety during casual interview sessions. This result might be influenced by a practice effect, as

participants repeated the experiment across control, avatar, and smile conditions. Furthermore,

in the smile condition, the visual appearance remained the same as in the control condition

(a real human face), which may have introduced familiarity effects. Additionally, both the

control and avatar conditions featured positively biased facial expressions, masking the actual

expressions of the communication partner. This may also explain why anxiety levels in the

smile condition were also not significantly lower than in the control condition. Although there

is no clear evidence that anime characters alleviate anxiety due to their results being mixed

with positive facial feedback and facial familiarity, researchers suggest that anime characters

create a sense of warmth, enhancing the comfort of interpersonal interactions. Considering their

research findings and the advantages of anthropomorphic characters, we are highly confident in

the potential of using attractive anime characters as facial filters to alleviate speakers’ anxiety,

particularly after minimizing practice effects and the influence of positive facial expressions.

Hypothesis 2: Modifying the interviewer’s appearance to an attractive anime character
will reduce the speaker’s anxiety in one-on-one video conferences.
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3.4 Validation experiment

We compared the effects of the two aforementioned face filters on speakers’ anxiety during

presentations in a real video conference scenario. We employed a between-group design to

minimize practice effects. The participants were randomly divided into one of three groups

(conditions):

• The Good Friend Interviewer (GFI) group, where the interviewer’s appearance is modi-

fied to resemble that of the speaker’s good friend.

• The Anime Character Interviewer (ACI) group, where the interviewer’s appearance is

modified to resemble that of an attractive anime character.

• The Stranger Interviewer (SI) group, where the interviewer appeared as a default stranger,

as the control condition.

3.4.1 Experiment design

We designed an experiment in which participants delivered a 3-minute presentation in front of

an interviewer who used existing software to apply face filters, masking his real appearance. We

utilized Avatarify Desk (https://github.com/alievk/avatarify-desktop) to manipulate the appear-

ance of the interviewer as seen by the participants. This software maps real-time facial and head

movements onto a subject in a photograph, enabling characters in still images to exhibit natural

expressions and bodily movements, closely resembling those in actual video interactions.

We invited a 30-year-old male PhD candidate from another unit to act as our interviewer

(practical assistant). Before each experiment, the interviewer conducted thorough tests to en-

sure that his facial expressions (neutral but slightly negative) and movements were accurately

mapped onto the corresponding positions in the photograph. During the presentation task, the

assistant was instructed to maintain eye contact with the participant throughout the session, ex-

cept for 1–2 instances of looking down to simulate note-taking. If a participant finished their

presentation early, the assistant would remain in the note-taking posture until the video confer-

ence automatically ended.

To better simulate an authentic interview environment, neutral reading tasks and quiet wait-

ing periods were arranged before and after meeting the interviewer. These tasks served two

purposes: first, to ensure participants were alone in the room during the video conference, giv-

ing the experimenter time to leave and re-enter; and second, to reduce pre-interview anxiety
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by redirecting participants’ attention to the reading material. The detailed task schedule was as

follows:

• 1-minute neutral reading task: Participants were instructed to read the content displayed

on the screen, which included experimental instructions and an introduction to the auto-

matic transitions.

• 3-minute presentation task with the interviewer: The screen displayed a live video of the

interviewer via Cisco Webex App version 42.6 (https://www.webex.com). To enhance

immersion, the small window showing the participant’s video and the menu bar were

disabled, allowing the interviewer’s video to occupy the entire screen.

• 30 seconds post-presentation reflection: A prompt displayed the message, “Presentation

completed, please wait quietly for the experimenter to return,” simulating a brief period

of reflection after the presentation.

The transitions between tasks were implemented by pre-loading the relevant materials in the

corresponding sequence and setting them to automatically close at specific times. The detailed

settings were as follows:

• Full-screen reading material (top layer): Automatically closed after 60 seconds.

• Adjusted video conferencing software window (middle layer): Automatically closed after

240 seconds.

• Image with concluding text (bottom layer): Automatically closed after 270 seconds.

Based on the prior experiment [53], the preparation time for the presentation was set at 7

minutes, which was sufficient for participants to outline their main points. The speech topic

was assigned as: “Please introduce your strengths and/or weaknesses,” as this is one of the most

common interview questions. Participants could choose to focus on either one aspect or both,

aiming to reduce potential anxiety from prematurely ending their presentation.

For the ACI condition, we selected five male anime character images from the internet.

These images were evaluated by 20 students based on familiarity, anxiety, and likability. The

most highly rated character, which scored highest in likability and familiarity, and lowest in

anxiety, was chosen as the ACI interviewer (See Fig 3.1). For the GFI condition, participants

provided a frontal photo of one of their good friends. For the SI condition, the practical as-

sistant’s own frontal photograph was used as the stranger’s appearance. Thus, in the ACI and

SI groups, the audience appearance was predetermined and consisted of a single character or
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face, whereas in the GFI group, the appearances varied. To standardize the visual presentation

across conditions, we pre-adjusted the images to ensure similar head proportions and position-

ing on the screen. Using Adobe Photoshop, we also ensured uniformity in clothing, head size,

and background, maintaining a light grey backdrop for all three conditions. These appearances

are illustrated in Fig 3.8, showcasing the visual representations of the interviewers across the

conditions in eye-tracking results.

Figure 3.1: Experimental setup under the Anime Character Interviewer (ACI) condition.
An anime character with the highest likability rating was displayed as the interviewer during
the presentation.

The experimental room layout is shown in Fig 3.2, highlighting the equipment worn by

participants, including the eye-tracking device (Tobii Pro Glasses 3) and the functional near-

infrared spectroscopy (fNIRS) device (Hot-2000). Additionally, the setup features an infrared

thermal imaging camera (InfReC R450). Furthermore, we administered questionnaires, in-

cluding the State-Trait Anxiety Inventory (STAI), the Perception of Speech Performance Scale

(PSP), and a self-designed questionnaire, to collect subjective data.

3.4.2 Measures

Eye-tracking We utilized the Tobii Pro Glasses 3 (Tobii AB, Danderyd, Sweden), a wearable

eye-tracking device resembling regular eyewear, designed for precise recording of participants’

eye movements. The system comprises a head unit, a recording unit, and a controller applica-

tion, which can be installed on a computer for data management. The glasses feature removable

lenses tailored to correct near-sightedness and far-sightedness, with lens options ranging from

+3 to -8.0 diopters for each eye, adjustable in 0.5 diopter intervals. With a sampling rate of 100
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Figure 3.2: Layout of the experimental room and devices. Shows the participant’s position
and measurement devices, including eye-tracking glasses, fNIRS, and thermal imaging.

Hz, the device was configured and calibrated for optimal accuracy in tracking eye movements.

The device recorded participants’ eye movements during the experimental tasks. This setup

enabled us to analyze participants’ visual behaviors during the presentation task, offering valu-

able insights into their focus and attentional patterns.

Cerebral blood flow changes We utilized the Hot-2000 device (NeU Corp, Tokyo, Japan) to

measure changes in cerebral blood flow. The device featured two source-detector (SD) pairs

positioned on the left and right sides of the forehead, each consisting of a 1-cm SD pair and a

3-cm SD pair. The device emitted infrared light at a wavelength of approximately 800 nm and

recorded data at a sampling rate of 10 Hz. The 3-cm SD pair functioned as a long-separation

detector, capturing changes in blood flow linked to neural activity, while the 1-cm SD pair acted

as a short-separation detector to filter out interference from the scalp.
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Increased activity in the prefrontal cortex (PFC), particularly in the left PFC, has been shown

to occur during the regulation of negative stimuli [114, 156]. This device enabled us to analyze

changes in participants’ cerebral blood flow before and after seeing the interviewer, potentially

offering insights into the neural responses elicited by the interviewer’s appearance.

Thermal infrared imaging We used thermal imaging with the InfReC R450 device (Nippon

Avionics Co., Ltd, Yokohama, Japan) to measure changes in participants’ nasal temperature.

This non-contact method allows the detection of emotional states by capturing changes in facial

temperature [50, 111, 113]. The InfReC R450 recorded facial temperatures at a rate of one

frame per second, using a 480 × 360 detector pixel array with spectral sensitivity ranging from

8 to 14 micrometers.

Alterations in nasal tip temperature are recognized as reliable indicators of anxiety, with

lower temperatures correlated with heightened anxiety levels [113, 152, 43]. Fig 3.3 displays

the extracted nose region from the thermal images, which were intentionally blurred to preserve

privacy. We employed the open-source project TIPA [26] to automatically track the nasal region

of interest. The device was positioned 70 centimeters from the participants, with blackbody

calibration conducted prior to recording. This setup allowed us to monitor participants’ nasal

temperatures during the presentation task, potentially providing insights into their physiological

responses.

Figure 3.3: Extracted nasal region with privacy blur. Depicts the tracked nasal region used
for thermal analysis while maintaining participant anonymity.

STAI-S The STAI [137] consists of two scales: the State Anxiety Scale (STAI-S) and the

Trait Anxiety Scale (STAI-T). The STAI-S assesses an individual’s feelings and emotions at the

present moment, whereas the STAI-T measures more general and enduring anxiety tendencies.

For our experiment, we utilized the Japanese STAI-S (Form-JYZ), which comprises 20 items

(e.g., “I feel tense”) that are presented in a 4-point Likert scale format. The total score for

state anxiety ranges from 20 to 80. Lower scores (20-44) indicate lower levels of state anxiety,

reflecting calmness or a lack of temporary anxiety. Moderate scores (45-54) suggest moderate
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levels of state anxiety. Higher scores (55-80) indicate higher levels of state anxiety, reflecting

greater temporary anxiety. After completing the presentation task, participants self-reported

their current emotional state using the STAI-S. Previous studies have demonstrated strong inter-

nal consistency for the STAI-S [25, 31]. In our study, the STAI-S exhibited exceptional internal

consistency, with α=.95.

PSP The PSP [125] evaluates speech performance using 17 items, which cover both general

aspects (5 items, e.g., “Appeared Nervous”) and specific aspects (12 items, e.g., “Voice Quiv-

ered”) of the speech. The participants were asked to rate their agreement with various statements

regarding their speech performance on a scale ranging from 0 (“not at all”) to 4 (“very much”).

Previous studies have consistently shown strong internal consistency when using the PSP scale

for self-evaluation [31, 129, 117, 155]. In our current study, the internal consistency of the total

scale score for participant ratings is excellent, with α=.87.

Self-designed questionnaire We designed an 8-item questionnaire using a 5-point Likert

scale (items are listed in Table 3.1), with response options ranging from 1 (strongly disagree) to

5 (strongly agree). The purpose of this questionnaire was to evaluate the extent to which various

factors potentially influencing anxiety levels were effectively controlled during the experiment.

Rather than measuring a single latent construct, the questionnaire captured a broad range of

participants’ subjective experiences across multiple dimensions, including perceived familiar-

ity, perceived kindness, and distraction. Additionally, an open-ended section was included to

allow participants to freely share their thoughts and feelings, providing further qualitative in-

sights.

Table 3.1: Self-designed questionnaire items.
1. The topic of the speech is difficult.
2. I am accustomed to video interviews.
3. I am familiar with the face of the interviewer.
4. The interviewer was kind.
5. I have a strong desire to speak to the interviewer.
6. The expression of the interviewer is stern.
7. The face of the interviewer is distracting.
8. The fear of interviews is alleviated.
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3.4.3 Experiment procedure

Participants We recruited participants by sending an invitation email to all master’s and doc-

toral students at our university. The email outlined the experiment content, which is a real video

interview experiment where participants deliver a presentation to an interviewer who uses a

facial filter. A total of 45 participants, consisting of 33 males and 12 females, aged 22 to 29

years, were evenly distributed across three groups. Participants assigned to the GFI group were

informed of submitting a frontal photo of a good friend. While the sample size of 45 par-

ticipants may appear modest for a between-subjects design involving three conditions, it aligns

with standards in the human-computer interaction (HCI) field. Based on a survey by Caine [24],

the average number of participants per condition in CHI publications is approximately 13. Our

study exceeds this benchmark with 15 participants per condition, providing reasonable confi-

dence in the robustness of the findings within this research context.

Considering that the interview language in the region was primarily Japanese, Japanese was

designated as the language for oral presentations in the experiment. Among the participants,

nine were native Japanese speakers. The remaining non-native Japanese participants possessed

a proficiency level of N2 or above on the Japanese Language Proficiency Test, a standardized

assessment certifying non-native speakers’ Japanese language skills. A passing grade of N2

or above demonstrates strong abilities in comprehending complex texts, engaging in advanced

conversations, and writing at a high level, making it widely recognized for non-native speak-

ers working, studying, or living in Japan. We evenly distributed the participants’ Japanese

proficiency levels across the three groups. All participants had experience in online Japanese-

language interviews, whether for employment, academic advancement, or simulation training.

On the day of the experiment, participants were provided with a verbal introduction by the

experimenter, following the details outlined in a written document. This introduction covered

the purpose and content of the experiment, instructions on the types of equipment to be used,

details about the data to be collected, its storage duration, and the compensation rate set by

the university. They were also informed that the interviewer’s appearance in the video call had

been modified using a facial filter and that behind the filter was a real person from outside

the university who would evaluate their presentation. The experimenter also emphasized that

participants could stop the experiment at any time if they felt uncomfortable. Once participants

fully understood the provided information and had no further questions, they voluntarily signed

a consent form and completed a personal information sheet to receive compensation.

Subsequently, we introduced a separate document containing screen transition demonstra-

tions. This document included the content for the neutral reading task, simple diagrams repre-

senting the interviewer shown during the presentation task, and the quiet waiting instructions
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displayed at the end. We emphasized that any errors or omissions during the reading task would

not affect the experiment, as the data collection focused on the presentation task. This served

to highlight the importance of the presentation task while reducing potential pressure during

the reading task. Participants were given five minutes to familiarize themselves with the read-

ing task, which also included instructions to minimize head movement and avoid ending their

presentation prematurely. Then, participants received a sheet of paper with the assigned speech

topic and blank space to draft notes or prepare their presentations during the 7-minute prepara-

tion time.

Afterward, participants were directed to sit in front of the computer screen. The experi-

menter replaced the necessary lenses and connected the head and recording units as outlined

in the Tobii Pro Glasses 3 manual. Participants wore eye-tracking glasses continuously, even

during rest periods, to adapt to their weight (76.5 grams, including the connecting cable). Par-

ticipants then positioned the fNIRS device on their dry foreheads, ensuring no interference from

hair, as per the Hot-2000 manual. Once the placement was confirmed, device measurements be-

gan. The experimenter also activated the infrared camera at this stage. After a 3-minute rest, the

experimenter calibrated the eye-tracking glasses according to the Tobii Pro Glasses 3 User Man-

ual. During calibration, a calibration card was placed on the computer screen, and participants

were instructed to focus on its center. Calibration was initiated via the application interface,

and upon successful completion, eye-tracking data recording commenced. Fig 3.4 illustrates

the operational status of these devices during the experimental process, while Fig 3.5 presents a

photo of a participant wearing both the eye-tracking and fNIRS devices. Privacy concerns were

addressed by applying image blurring to the photo.

After calibration, the experimenter left the room, and the computer screen displayed the

reading task. Participants independently completed the following tasks shown on the screen.

The room temperature was controlled between 18-20°C, which was considered a comfortable

temperature by the participants. The interviewer was located in a room on the other side of

the campus, and his side of the video call was set to mute to act as the audience. As a result,

participants were in a quiet room while delivering the presentation to the interviewer.

After 250 seconds, the experimenter returned and shut down the types of equipment. Par-

ticipants then completed the questionnaires on the computer screen using a mouse. In the final

section of the self-made questionnaire, they were encouraged to verbally describe their expe-

riences and express their feelings. The experimenter recorded their responses through audio.

Finally, the experimenter engaged in a brief conversation with them to address any questions

they had. The entire experiment lasted approximately 40 minutes, and participants received a

compensation of 1,000 JPY.

38



Figure 3.4: Overview of the experimental procedure. Illustrates task order and device usage
during the presentation experiment.

Figure 3.5: Participant wearing measurement devices. Displays the setup of eye-tracking
glasses and the fNIRS device during data collection.

Ethics and Consent Statement The study was approved (Approved No. 04-013) by the

Japan Advanced Institute of Science and Technology Life Science Committee on July 27, 2022.

All methods were performed in accordance with the relevant guidelines and regulations. The

recruitment period for the validation experiment was from August 1, 2022, to November 1,

2022. Participation was voluntary and signed written informed consent forms. Additionally,

participants were informed that they could withdraw or terminate the experiment at any time

without any negative consequences. Pre-counseling and post-counseling sessions were con-

ducted before and after the experiment, respectively, to alleviate potential discomfort caused by

the measurement devices and to mitigate the potential impact of the experiment.

All figures containing identifying information in this manuscript were obtained with the

informed consent of the respective participants for the publication of their identifying informa-

tion/images in the online open-access publication.

3.4.4 Experiment results

Due to technical issues, three participants required additional data and were subsequently ex-

cluded from the analysis. Thus, the statistical analysis included data from 45 participants,

consisting of 33 males and 12 females between the ages of 22 and 29.

Because the data were not normally distributed (Shapiro-Wilk, p<.05), we employed non-
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parametric tests for the statistical analysis. For each dependent variable, we performed a

Kruskal-Wallis omnibus test followed by Mann-Whitney U tests for pairwise group compar-

isons when appropriate, and Bonferroni correction for multiple comparisons was applied as im-

plemented in IBM SPSS Statistics version 27 (https://www.ibm.com/products/spss-statistics).

However, correction was not applied across the full set of all p values reported in the study.

Perception

STAI-S Fig 3.6 shows the distribution of scores on the self-reported current anxiety state scale

among the three groups, with higher scores indicating higher anxiety levels. A Kruskal-Wallis

test revealed a significant difference in state anxiety scores across the three groups, H(2)=7.81,

p=.020. The median scores were 31 for GFI, 50 for ACI, and 48 for SI. Follow-up Mann-

Whitney U tests with Bonferroni correction showed that the GFI group reported significantly

lower anxiety than both the SI group (Z=-2.41, adjusted p=.048, r=.36) and the ACI group

(Z=-2.43, adjusted p=.045, r=.36). No significant difference was observed between the ACI

and SI groups (Z=.03, adjusted p=1, r=0).

PSP Fig 3.7 shows the PSP scores of the participants’ self-evaluations in the three groups,

with higher scores indicating a poorer perceived performance. A Kruskal-Wallis test revealed

a significant difference in self-perceived performance across the three groups, H(2)=10.72,

p=.005. The median scores were 21 for GFI, 34 for ACI, and 36 for SI. Post hoc Mann-Whitney

U tests with Bonferroni correction indicated that participants in the GFI group rated their per-

formance significantly better than those in the SI group (Z=-3.07, adjusted p=.006, r=.46) and

the ACI group (Z=-2.53, adjusted p=.035, r=.38). No significant difference was found between

the ACI and SI groups (Z=-.54, adjusted p=1, r=.08).

Self-designed questionnaire Item 3 – Familiarity with the Interviewer’s Face. A Kruskal-

Wallis test revealed a significant group difference in perceived familiarity with the interviewer’s

face, H(2)=29.45, p<.001. Follow-up Mann-Whitney U tests with Bonferroni correction showed

that participants in the GFI group rated the interviewer as significantly more familiar than both

the SI group (Z=4.23, adjusted p<.001, r=.63) and the ACI group (Z=5.06, adjusted p<.001,

r=.75). No significant difference was found between the ACI and SI groups (Z=-.83, adjusted

p=1, r=.12).

Item 4 – Perceived Kindness of the Interviewer. A Kruskal-Wallis test indicated a signifi-

cant difference in perceived kindness across groups, H(2)=8.06, p=.018. Post hoc comparisons

revealed that participants in the GFI group perceived the interviewer as significantly kinder than
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Figure 3.6: State-Trait Anxiety Inventory-State (STAI-S) scores across the three groups.
Shows anxiety level differences among the Good Friends Interviewer (GFI), Anime Character
Interviewer (ACI), and Stranger Interviewer (SI) groups, with lower scores indicating lower
anxiety.

those in the ACI group (Z=2.67, adjusted p=.023, r=.40). No statistically significant differences

were observed between GFI and SI (Z=2.18, adjusted p=.088, r=.32) or between ACI and SI

(Z=-.49, adjusted p=1.00, r=.07).

Item 8 – Fear Reduction During the Interview. A Kruskal-Wallis test found a significant

difference in interview-related fear reduction, H(2)=9.45, p=.009. Pairwise tests indicated that

the GFI group reported significantly more reduction in fear compared to the SI group (Z=3.06,

adjusted p=.007, r=.46), while no significant differences were found between GFI and ACI

(Z=1.76, adjusted p=.236, r=.26) or between ACI and SI (Z=1.31, adjusted p=.575, r=.20). No

significant differences were observed between groups for the other items.

Several noteworthy points emerged from the spontaneous expressions of the participants.

In the GFI group, participants mentioned experiencing dissonance when seeing foreign expres-

sions or angles shown on familiar faces. In the ACI group, many participants expressed diffi-

culty receiving feedback from the anime character, which caused unease. In the SI group, some
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Figure 3.7: Perception of Speech Performance (PSP) scores across the three groups. Shows
perceived speech performance in the Good Friends Interviewer (GFI), Anime Character Inter-
viewer (ACI), and Stranger Interviewer (SI) groups, where lower scores correspond to better
self-assessed performance.

participants reported that the interviewer was familiar because it aligned with their expectations

of an interviewer, despite never having met him in real life.

Behavior

Eye-contact The recorded data were analyzed using Tobii Pro Lab version 1.207 (https://www.tob

ii.com/products/software/ behavior-research-software/tobii-pro-lab) to identify and quantify gaze

interactions. We focused on the area of interest (AOI) around the interviewer’s eyes and ana-

lyzed the participants’ gaze duration and frequency within this area. To accurately capture

participants’ gazes in dynamic situations, we utilized a dynamic AOI that can be repositioned

to match targets in the video. We employed an automatic mapping system within the software

to map the positions of an AOI from dynamic videos to static photos. Subsequently, frame-

by-frame visual inspection and adjustments were made to ensure accurate correspondence. To

ensure consistent exposure to the interviewer’s gaze, we analyzed the first 120 seconds of the
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presentation task; two participants finished their speech slightly over two minutes, and the in-

terviewer maintained a downward gaze during the remaining time. We applied the Tobii I-VT

attention filter with a threshold of 100 degrees per second, calculating both the duration and

frequency of the participants’ gazes in the dynamic AOI. The heat maps in Fig 3.8 depict the

overall distribution of the eye movement data for each group. In the GFI, we focused the data

on the specific photo, which is shown in a). Images a), b), and c) are actual screenshots of the

screen participants faced during the presentation task. The gradient from green to yellow to red

represents the continuum of fixation duration, which ranges from short to long.

Figure 3.8: Overlaid heat maps of gaze fixation during the presentation task. Shows the
superimposed gaze patterns from the participants under the Good Friends Interviewer (GFI),
Anime Character Interviewer (ACI), and Stranger Interviewer (SI) groups during presentations.
Colors from green to yellow to red indicate fixation durations from short to long.

The total duration of the whole fixation within the AOI under the three groups is shown in

Fig 3.9. A Kruskal-Wallis test revealed a significant difference in the total duration of fixations

on the interviewer’s eyes across the three groups, H(2)=9.15, p=.010. The median scores were

54.53 for GFI, 12.10 for ACI, and 31.33 for SI. Follow-up Mann-Whitney U tests with Bonfer-

roni correction showed that participants in the GFI group maintained significantly longer gaze

duration than those in the ACI group (Z=3.01, adjusted p=.015, r=.45). No significant differ-

ences were observed between GFI and SI (Z=1.22, adjusted p=1.00, r=.18) or between ACI

and SI (Z=-1.72, adjusted p=.516, r=.26).

The number of whole fixations within the AOI under the three groups is shown in Fig 3.10.

A Kruskal-Wallis test indicated a significant difference in the number of fixations across con-

ditions, H(2)=8.68, p=.013. The median scores were 103 for GFI, 50 for ACI, and 136 for SI.

Follow-up comparisons indicated that participants in the GFI group made significantly more

fixations on the interviewer than those in the ACI group (Z=2.69, adjusted p=.043, r=.40). No

significant differences were found between the GFI and SI groups (Z=.22, adjusted p=1.00,

r=.03) or between the ACI and SI groups (Z=-2.38, adjusted p=.103, r=.36).
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Figure 3.9: Fixation duration within the eye region of interest. Shows the total time partici-
pants spent fixating on the interviewer’s eye region under the Good Friends Interviewer (GFI),
Anime Character Interviewer (ACI), and Stranger Interviewer (SI) groups.

Word count We analyzed the number of complete words spoken by the participants during the

3-minute interview sessions. We employed Whisper software (https://github.com/openai/whisper)

to transcribe the participants’ spoken content into text and subsequently quantified it. A Kruskal-

Wallis test revealed a significant difference in word count across the three groups, H(2)=6.06,

p=.048. The median scores were 517 for GFI, 512 for ACI, and 441 for SI. Post hoc compar-

isons indicated only a trend toward a higher word count in the GFI group compared to the SI

group (Z=2.43, adjusted p=.090, r=.36).

Correlation

We utilized Spearman correlation analysis to individually compare the following variables in

pairs: STAI_S, PSP, fixation duration, fixation number, and word count (see Table 3.2). The

results revealed a strong positive correlation between fixation duration and fixation number.

Additionally, a strong positive correlation was observed between the STAI_S and PSP scales,
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Figure 3.10: Fixation count within the eye region during the presentation task Shows the
total number of fixations on the interviewer’s eye region across the Good Friends Interviewer
(GFI), Anime Character Interviewer (ACI), and Stranger Interviewer (SI) groups.

indicating that higher self-reported anxiety levels were associated with poorer perceived per-

formance. Both scales displayed a weak negative correlation with word count, suggesting that

speaking less during the presentation was somewhat associated with higher self-perceived anx-

iety and lower self-perceived performance.

Physiological data

Nasal temperature To minimize individual differences, we first calculated the nasal temper-

ature changes by subtracting the temperature recorded during a continuous 120-second resting

period from that recorded during the first 120-second presentation task period, using the same

rationale as in the eye-contact analysis. To capture the psychological changes triggered by the

gaze of the interviewer, we further subtracted the average nasal tip temperature from the last 30

seconds of the reading task. The last 30 seconds of the reading task were selected to minimize

the influence of the experimenter’s presence, as participants were alone in the room during this

45



Table 3.2: Correlations among variables in the validation experiment.
STAI_S PSP FD FN Word_count

STAI_S
Spearman correlation 1 0.83∗∗ -0.111 -0.040 −0.301∗

Sig. (2-tailed) 0.001 0.467 0.793 0.044

PSP
Spearman correlation 0.83∗∗ 1 -0.143 -0.058 −0.352∗

Sig. (2-tailed) 0.001 0.347 0.705 0.018

Fixation_duration (FD)
Spearman correlation -0.111 -0.143 1 0.792∗∗ 0.046
Sig. (2-tailed) 0.467 0.347 0.001 0.763

Fixation_number (FN)
Spearman correlation -0.04 -0.058 0.792∗∗ 1 -0.013
Sig. (2-tailed) 0.793 0.705 0.001 0.932

Word_count
Spearman correlation −0.301∗ −0.352∗ 0.046 -0.013 1
Sig. (2-tailed) 0.044 0.018 0.763 0.932
∗ Correlation is significant at the 0.05 level (2-tailed).
∗∗ Correlation is significant at the 0.01 level (2-tailed).

period after the experimenter had left, ensuring a consistent environment for baseline recording.

As shown in Fig 3.11, which displays the average nasal temperature variations across par-

ticipants for each group during the presentation task, the SI group appears to exhibit a more

substantial decrease, while the other two groups show little difference. However, statistical

analysis did not reveal any significant differences in nasal temperature changes among the three

groups during this period.

Brain activity We calculated the changes in cerebral blood flow between -2 and 4 seconds

from the start of the interviewer-interviewee meeting, aligning with the observation time in

the previous study [82]. However, no significant differences were observed across conditions.

Fig 3.12 illustrates the mean change in cerebral blood flow over time in the left PFC. The right

side of the dashed line corresponds to the change in cerebral blood flow after the interviewer’s

appearance, corrected by the mean value 2 seconds before the interviewer’s appearance (left

side of the dashed line). In our experiment, the observed increase in cerebral blood flow within

the left PFC in the SI group could be related to the modulation of anxiety states experienced

when facing the audience.
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Figure 3.11: Group-averaged nasal temperature changes. Shows nasal temperature changes
during presentations under the Good Friends Interviewer (GFI), Anime Character Interviewer
(ACI), and Stranger Interviewer (SI) groups as a physiological indicator of anxiety, with lower
temperatures correlated with heightened anxiety levels.

3.5 Discussion

With the mainstream adoption of video conferencing, an increasing number of studies have

found that the anxiety experienced during remote interactions can be comparable to that of face-

to-face interactions [163, 93]. This is especially true for individuals with high social anxiety,

who may even experience heightened anxiety in video conferences [5]. As video conferencing

continues to play a critical role in academic, professional, and interpersonal communication,

developing strategies to reduce associated anxiety becomes increasingly important [88].

The findings show that participants who saw their interviewer as a familiar friend (GFI)

reported lower anxiety and better self-evaluation than those who saw either a stranger (SI) or

an anime character (ACI). Additionally, participants in the GFI condition exhibited more gaze

behaviors toward the interviewer compared to those in the ACI condition and demonstrated

a greater tendency to produce more verbal output than those in the SI condition. These pat-

terns offer insight into how perceived social context and emotional cues shape user experience

47



Figure 3.12: Group-averaged changes in left prefrontal cerebral blood flow. Shows changes
in left prefrontal cortical blood flow at the time of interviewer appearance across the Good
Friends Interviewer (GFI), Anime Character Interviewer (ACI), and Stranger Interviewer (SI)
groups, reflecting potential anxiety-related neural responses.

in virtual settings, highlighting the potential of leveraging familiar and emotionally resonant

visual representations to foster more comfortable and engaged interactions in video-mediated

communication.

3.5.1 Familiarity promotes a sense of psychological safety

The GFI condition consistently showed more favorable outcomes across subjective measures.

This is consistent with prior work suggesting that familiarity reduces social-evaluative threat by

activating schemas of trust, acceptance, and prior positive experience [91, 85]. The friend’s face

may have served as a cognitive anchor, shifting the user’s interpretation of the situation from

formal evaluation to informal support. This may explain why participants felt more relaxed and

rated their performance more positively—even though the facial expression itself was neutral.

Importantly, these findings extend previous work on face-to-face familiarity [92] into virtual

environments where the familiarity is artificially induced. These results also extend our under-

standing of how social meanings are actively constructed and preserved during interactions.
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According to Constructivist theory [154, 153], individuals interpret external stimuli through the

lens of prior experiences and knowledge, dynamically shaping their perceptions in ways that

align with their expectations and relational histories. In this study, when participants chose

to believe they were interacting with a friend, they not only experienced reduced anxiety but

also engaged in spontaneous meaning-making processes that preserved the social significance

of facial identity. This suggests that the cognitive frameworks individuals bring into social in-

teractions can, to some extent, shield them from the objective reality of the situation, allowing

them to maintain emotional and relational continuity even when the interaction partner is known

to be non-authentic. Although technical limitations during the experiment may have caused

momentary confusion due to changes in facial angles, these disruptions did not fundamentally

undermine participants’ ability to preserve the social and emotional meanings attached to the

interaction. Such findings are consistent with previous research demonstrating that cognition

is inherently situated within social contexts and interactions [135], highlighting the flexibility

of the mind in sustaining social connections through constructive processes. Moreover, these

results imply that interventions leveraging perceived social presence could effectively reduce

anxiety in contexts where in-person interaction is not feasible, such as online therapy or remote

interviews.

3.5.2 Stylized avatars may disrupt social interpretation

In contrast, replacing the interviewer’s face with an anime character failed to reduce anxiety

or improve self-evaluation. The ACI condition elicited the least visual engagement (shorter

and fewer eye fixations), despite being designed to be visually appealing. This suggests that

aesthetic appeal alone is insufficient to foster comfort in evaluative contexts.

One possible explanation lies in the mismatch between the avatar’s expressive capacity and

participants’ expectations. While anime characters are often associated with warmth and ex-

pressiveness [163], the avatar used in this study had a neutral or slightly stern expression,

coupled with formal attire. This inconsistency may have produced a subtle dissonance or ex-

pectation violation [34], undermining the avatar’s intended supportive function. Further, the

simplified and stylized facial features likely limited participants’ ability to interpret emotional

nuance [2], reducing the effectiveness of social feedback. In high-anxiety situations, the ability

to detect affirming or disapproving cues becomes critical [92], and the absence of such signals

may increase uncertainty. The large eyes of the character, a common stylized feature, may

have amplified the sense of being watched, contributing to gaze aversion—a typical anxiety

response [122].

While the avatar was designed to provide a non-threatening social presence, its limited dy-
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namic expressiveness may have constrained its capacity to modulate participants’ anxiety effec-

tively. Additionally, the static or limited gaze behavior of the avatar may have been interpreted

as staring, which, in socially anxious individuals, can be perceived as threatening or evaluative,

thereby inadvertently increasing tension rather than reducing it. Taken together, these factors

highlight the complexity of using stylized avatars as social buffers, indicating that careful cali-

bration of appearance, expressiveness, and context-specific behaviors is critical to achieving the

desired psychological outcomes in high-stress environments.

3.5.3 Anxiety and behavioral correlates

Our correlational analysis revealed a strong positive association between self-reported state anx-

iety and poorer perceived performance, consistent with prior findings [79]. Individuals expe-

riencing higher levels of state anxiety tend to interpret their performance more pessimistically,

potentially due to heightened attentional focus on perceived mistakes or failures. This pes-

simistic interpretation may reduce their sense of accomplishment, which in turn can undermine

their engagement and self-efficacy in future tasks.

Additionally, we observed a weak negative correlation between anxiety and word count,

aligning with earlier findings that anxiety may reduce verbal output in public speaking situa-

tions [65, 121, 10]. Heightened anxiety is likely to increase cognitive load, which can restrict

the cognitive resources available for speech planning and production, leading to reduced verbal

output during presentation tasks.

Interestingly, although gaze behavior (fixation metrics) varied significantly between groups,

it did not directly correlate with STAI-S scores. This may reflect the unique dynamics of video

conferencing environments, where maintaining eye contact or gaze direction carries different

social significance and cognitive demands compared to in-person interactions [66]. In virtual

settings, factors such as screen layout, camera positioning, and the absence of direct physical

presence may decouple gaze behaviors from subjective anxiety levels, suggesting that gaze

metrics alone may not serve as reliable indicators of state anxiety in remote communication

contexts.

3.5.4 Implications for design of virtual interactions

Our findings suggest that familiarity—even when artificially induced—can serve as a powerful

psychological buffer in high-stressful video communication. The mere appearance of a trusted

individual may trigger positive emotional associations and reduce anticipatory anxiety, thereby
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facilitating a more adaptive emotional state during the task. These results highlight the impor-

tance of social context design in virtual platforms, where the interface can be customized to

shape user experience and performance.

Conversely, the limited effect of the anime character on reducing anxiety suggests that an-

thropomorphic design alone is not universally effective. One possible explanation is that such

stylized representations may not evoke consistent emotional resonance across individuals. Emo-

tional comfort in social interactions often depends not only on visual aesthetics but also on

personal associations and affective bonds [88]. For individuals lacking a strong connection to

anime culture, the character may have felt unfamiliar or even distanced, thereby failing to pro-

vide a sense of psychological safety. This highlights the importance of allowing users to select

or customize avatars that reflect their own preferences or emotional anchors.

3.5.5 Limitations and future directions

Several limitations of this study should be acknowledged.

First, the sample size of 45 participants, while consistent with standards in similar HCI

studies [24], limits statistical power in a three-group between-subjects design. Future studies

with larger and more diverse samples are needed to validate and generalize the current findings.

Second, our self-designed questionnaire was intended to assess distinct subjective dimen-

sions—

such as familiarity, friendliness, and fear—rather than a single latent construct. Due to the

conceptual heterogeneity of these items, we did not compute a composite score or perform

psychometric analyses (e.g., Cronbach’s alpha). While this approach allowed us to examine

specific experiential components, analyzing each item separately increases the family-wise er-

ror rate and the possibility of Type I errors. Accordingly, these questionnaire results should be

interpreted as exploratory and supplementary.

Third, although Bonferroni correction was applied within each set of planned comparisons,

and the adjusted p values under SPSS tend to be more stringent, the absence of a global correc-

tion across all statistical tests in the study remains a limitation.

Fourth, participants were given the option to discuss either their strengths, weaknesses, or

both. While this was intended to promote comfort and reduce presentation avoidance, it may

have inadvertently introduced a confounding variable. Future studies should consider control-

ling topic content to ensure more uniform cognitive and emotional demands across participants.

Fifth, although Japanese language proficiency was controlled, other factors such as topic
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familiarity, prior interview experience, and trait anxiety were not measured. These individual

differences may interact with anxiety in complex ways [79, 91, 33] and merit closer attention

in future work. Additionally, the gender of the interviewer as presented via the facial filters was

not standardized across conditions. Participants in the GFI group may have seen male or female

interviewers, whereas SI and ACI were limited to male-presenting avatars. Gender composition

can influence social dynamics and anxiety [23], and should be balanced in subsequent designs.

Sixth, physiological data (infrared thermography and fNIRS) did not reveal significant group

differences. This may be due to single-trial design, equipment limitations, or insufficient signal

sensitivity. More robust physiological measures and multi-trial designs may yield stronger ef-

fects [50]. Additionally, because of practical constraints, the study did not include evaluations

of presentation performance by independent third-party professionals.

Finally, due to technical constraints, real-time audience masking in this study was imple-

mented by the interviewer rather than being controlled by the participants themselves. While

this ensured standardization across sessions, it limited the autonomy of participants in managing

their own anxiety during evaluative interactions.

In the future, under strict adherence to robust ethical principles [163], it would be valuable

to develop systems that allow individuals who are more prone to experiencing anxiety to apply

such facial filters during interactions without requiring disclosure to the other party. For exam-

ple, when designing software, users can be prompted upon first entry to choose whether they

consent to having face filters applied to them by others during interactions. Once the user has

given consent, they will not receive further notifications when others apply these filters.

Such systems could empower users to engage in social, educational, or professional interac-

tions with greater confidence, particularly in high-stakes situations such as interviews or public

speaking, where visual self-presentation can be a significant source of stress. By giving users

the ability to selectively manage the visual cues they receive, these tools could reduce cogni-

tive load associated with self-monitoring and fear of negative evaluation, thereby supporting

smoother and more effective communication.

Additionally, from a design perspective, the integration of customizable audience masking

should be accompanied by clear, transparent consent protocols and opt-out options to ensure

that all parties retain agency over their interaction experience. Such protocols not only uphold

individual autonomy but also help set clear expectations within social and professional inter-

actions, reducing potential misunderstandings or discomfort. Future research should system-

atically explore the psychological and interpersonal impacts of these user-controlled filtering

systems, including their potential effects on trust, authenticity, relational dynamics, and per-

ceptions of social presence. Understanding these impacts is crucial for identifying both the
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benefits and unintended consequences of audience masking in diverse contexts. Insights from

this research could inform the development of ethically grounded, user-centered technologies

that address emotional and accessibility needs while preserving the integrity of interpersonal

communication in both remote and hybrid settings.

3.6 Conclusion

This study provides initial empirical evidence that modifying the visual representation of an

interviewer can affect users’ subjective experience in video calls. Specifically, presenting the

audience as a good friend was associated with lower anxiety and higher self-rated performance.

In contrast, the anime character filter, though theoretically promising, failed to produce the

same benefit—possibly due to reduced emotional expressiveness and mismatched expectations.

These findings highlight the potential of visual customization for anxiety reduction, while also

underscoring the need for careful design considerations. Future work should further explore

adaptive, personalized, and real-time interventions for supporting user comfort in digital com-

munication.
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Chapter 4

Study 2: Enhancing User Engagement in
Physical Exercise

4.1 Overview

Chapter 4 presents Study 2, which investigates how augmented-reality (AR) companions can

support emotional regulation and motivation through designed forms of social presence. Build-

ing upon the findings of Study 1, which demonstrated how intimacy and detachment modulate

anxiety in cognitive tasks, Study 2 examines whether similar mechanisms operate in embod-

ied, action-oriented contexts. Three sequential experiments (shown in Fig 4.1) were conducted

using an AR treadmill system to analyze how variations in social intimacy, aesthetic distance

of stylized figure shape arousal and engagement. Experiment 1 compared real, video, AR, and

no audiences to validate the potential of an AR audience in producing social facilitation effects

within mediated environments. Experiment 2 manipulated relational and aesthetic qualities

of AR companions—friend-like, liked-anime, neutral stylized, or none—to assess how emo-

tional affinity influences motivation. The final validation experiment contrasted With_system

and Without_system conditions and incorporated post-exercise interviews to interpret user ex-

perience. Quantitative results showed that the AR companion improved performance while

reducing evaluative pressure and enhancing enjoyment, particularly among high-anxiety partic-

ipants. Interview data further revealed that participants preferred the companion for its emo-

tional safety and nonjudgmental presence, reporting that it helped them remain focused and

emotionally supported. Collectively, these findings confirm that mediated companionship can

regulate affect through emotional reassurance and attentional redirection. However, individu-

als’ subjective liking for anime characters strengthens affective bonding; under this condition,

anime figures promote task engagement and immersion through a combination of social dis-
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tancing and personal affinity, making them the preferred choice for many participants.

Figure 4.1: Comparative Structure of Experiments in Study 2.

4.2 Preliminary Experiments

4.2.1 Introduction

Sustaining self-regulated physical activity over time remains a persistent and multifaceted chal-

lenge in both clinical rehabilitation settings and everyday life [1, 39, 61, 94]. Although the

physical and psychological benefits of regular exercise are well documented, ranging from im-

proved cardiovascular health to reduced symptoms of anxiety and depression [16, 44, 120, 56,

126, 32, 124], many individuals struggle to maintain consistent motivation, particularly when

engaging in physical activity alone [60]. In solitary environments where social cues, encour-

agement, and accountability are absent, adherence to exercise routines tends to decline [35, 52].

Social facilitation is a well-established psychological phenomenon wherein the mere pres-

ence of others enhances an individual’s performance on tasks that are simple, habitual, or well-

practiced. This concept, rooted in the foundational work of social psychologist Robert Zajonc

[166], proposes that the presence of others increases physiological arousal, thereby enhancing

performance on dominant (i.e., easier or familiar) tasks while potentially hindering performance

on non-dominant (i.e., complex or unfamiliar) tasks. Based on this theoretical framework, an

expanding body of interdisciplinary research, spanning psychology, human-computer interac-

tion, and exercise science, has explored how emerging technologies can simulate or amplify

the effects of social presence. In particular, immersive technologies, such as virtual reality

(VR) and augmented reality (AR), have opened new possibilities for integrating various vir-

tual agents into exercise contexts [78, 150], each of which embodies different social roles to
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increase motivation [110]. For example, virtual rivals in VR-enhanced tasks boost effort and

exercise engagement, especially among older adults and during recovery processes [3, 1]. The

virtual coaches improved user confidence, perceived competence, and motivation through ver-

bal feedback and demonstration-based learning [108, 89]. Other studies have explored compan-

ionship and social connectedness as motivating factors. For instance, an AR dog that mirrored

the user’s actions created a sense of mutual presence and emotional bonding during exercise

[107], whereas smart glasses-based jacket partners encouraged sustained effort by mimicking

the experience of running with a peer [60]. At the group level, immersive rowing simulations

that require coordinated action with virtual teammates increase task commitment and perfor-

mance through perceived group cohesion and shared effort [106]. These digital interventions

aim to replicate the motivation and performance associated with social interaction and offer

novel strategies to support sustained engagement in exercise.

However, a crucial component of social facilitation, the audience effect, has received min-

imal attention in the context of immersive technologies. In real-world settings, audience pres-

ence is typically categorized into two types [142]: passive audiences, whose mere observation

can improve running performance [144, 159], and active audience members who provide feed-

back (positive or negative) and deliver visual or auditory stimuli that positively influence athletic

performance [141, 146, 59].

A mini-review of passive audiences in virtual environments by Sterna et al. [139] high-

lights the limited and inconsistent findings in this area. Only one study reported both social

facilitation for simple tasks and social inhibition for complex ones [119]. Additionally, three

studies have reported that the mere presence of a virtual audience causes social inhibition dur-

ing cognitively demanding or complex tasks [68, 167, 57]. Other studies have observed social

facilitation effects; however, they involved interactions between the audience and participants,

hindering isolation of the impact of mere presence [118, 106, 45]. Several studies found no sig-

nificant effects of virtual audience presence [143, 64, 8, 41, 42]. One possible reason for these

inconsistent findings is that the physical presence of the experimenter may have confounded

the results, obscuring whether the participants’ performance was influenced by real-world so-

cial presence or by the virtual manipulation [139]. As Bond and Titus [14] stated, the presence

of others within a participant’s visual field is not a necessary condition for audience effects to

occur. Therefore, it is essential to control unintended real-world social influences when inves-

tigating audience effects in virtual settings. Although the above findings suggest that the mere

presence of virtual observers may not reliably produce social facilitation or inhibition effects,

this conclusion stems primarily from studies of cognitive task contexts. In physical activity

settings where tasks are more automatic, the impact of virtual passive audiences may differ and

remain underexplored. According to both Activation Theory [166] and Evaluation Apprehen-
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sion Theory [30], the presence of others or fear of being evaluated can increase arousal, thereby

facilitating performance in simple tasks. However, whether this arousal leads to a positive

or negative experience depends on the individual characteristics. For example, individuals with

high social anxiety may experience reduced intrinsic motivation. Individual differences and per-

ceived pressures are critical factors that should not be overlooked in social facilitation studies.

In Experiment 1, we accounted for these two factors to investigate how passive virtual audiences

affect individuals’ physical performance and subjective experience during self-regulated tread-

mill running in comparison with the presence of real spectators (in-person and via video-call).

Additionally, to ensure safety during physical activity and avoid confounding effects of the ex-

perimenter’s physical presence, we presented the virtual audience on large screens positioned

close to each other.

Virtually active audiences, particularly those providing encouragement or applause, have

consistently demonstrated positive effects on performances. For example, in a study by Xu

et al. [160], gesture-based VR exergames featuring virtual audiences (providing both posi-

tive and negative feedback through cheering and clapping sounds) led to improved players’

overall gameplay performance and experience compared with passive audiences. Additionally,

synchronized virtual crowd applause with rhythmic beats in a VR cycling game significantly

increased speed and heart rate during workouts, although it did not affect the subjective expe-

rience [59]. These findings underscore the synergistic effect of audience behavior and auditory

cues in enhancing performance. The independent effects of auditory cues have been exten-

sively explored; for instance, tempo has been shown to significantly enhance pacing, physical

effort, and overall psychological experience during exercise [15, 40, 140, 60]. However, the

individual effects of these visual stimuli remain largely unknown. In addition to audience be-

havior, the appearance of the audience, especially when emotional ties are involved, has been

identified as an important factor that influences performance [86, 142, 41]. Previous studies

have demonstrated that familiar audiences in VR can affect the speakers’ anxiety levels dur-

ing presentations [101, 10]. However, in the context of exercise, it remains unknown whether

the presence of familiar-looking spectators has a measurable impact on physical performance

[59, 164, 160]. While some empirical evidence supports the benefits of emotionally close audi-

ences [142], other findings suggest that such familiarity may increase pressure, especially when

the supporter has higher expectations, potentially leading to performance impairment because of

choking under pressure [91, 48, 18]. This evidence suggests that emotional cues from familiar

audiences may have inconsistent effects on performance. Therefore, in Experiment 2, we fo-

cused on visual stimuli and used an AR character resembling a close friend to examine whether

visual encouragement from a familiar figure enhances performance. Prior research has shown

that emotional engagement with anthropomorphic characters can evoke feelings of warmth and

increase users’ senses of realism and presence [163, 88]. The perceived realism of virtual spec-
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tators has been identified as a key factor influencing individual performance [139, 22, 143].

Therefore, the preferred character chosen by the participants was used as the second condi-

tion, allowing a comparison with a neutral virtual character to evaluate the impact of character

likability on performance. This experiment examined how identity-based personalization of

virtual spectators, combined with visual encouragement, influenced users’ motivation, exercise

experience, and perceived social support.

Two experiments were conducted to advance theoretical and practical understanding of

audience-based social facilitation in immersive exercise environments. By integrating both pas-

sive and active audience forms and considering individual psychological traits and audience-

user relationships, this study offers a more nuanced perspective on how virtual spectators can

support and enhance self-regulated exercise.

This study was approved (Approved No. 05-005) by the Life Science Committee of the

Japan Advanced Institute of Science and Technology on June 20, 2023. All procedures were

performed in compliance with relevant laws and institutional guidelines. The privacy rights of

human subjects have been respected, and informed consent was obtained for experimentation

with human subjects.

4.2.2 Experiment 1: impact of audience presence on treadmill running
experiences

To investigate how virtual passive audiences affect the experience of self-regulated treadmill

running, we conducted an experiment using a within-subjects design, where each participant

completed four experimental conditions in a randomized order. These conditions, ranked by

descending order of social presence, were live spectators (Live), video-call spectators (Video),

AR spectators (AR), and no spectators (Absence). The AR character was generated using the

ReadyPlayer Me software (https://readyplayer.me/) based on a photograph of the experimenter,

as shown in Fig 4.2. It was animated in Unity (version 2022.3.22f1) to simulate natural standing

body movements, such as alternating the supporting foot. The AR scene was developed in Unity,

built using the Universal Windows Platform (UWP), and deployed via Visual Studio. The final

application was executed on a Surface Pro Windows. The experimenter acted as a spectator in

both the Live and Video conditions.
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Figure 4.2: Experimental room layout. Displays the monitoring devices and the AR charac-

ter’s position in the room and on-screen.

Measures

The following measures were used to assess both subjective experiences and objective perfor-

mance.

The State-Trait Anxiety Inventory (STAI) [137] consists of two scales: the State Anxiety

Scale (STAI-S) and Trait Anxiety Scale (STAI-T). The STAI-S assesses an individual’s feelings

and emotions at present, whereas the STAI-T measures both general and enduring anxiety ten-

dencies. For our experiment, we utilized the STAI-T (Form JYZ), which comprises 20 items

(e.g., “I feel pleasant”) rated on a 4-point Likert scale. The total trait anxiety score ranges from

20 to 80, with lower scores (20–44) indicating low anxiety, moderate scores (45–54) indicating

moderate anxiety, and higher scores (55–80) indicating high anxiety. In this experiment, the

STAI-T demonstrated excellent internal consistency, with Cronbach’s α = 0.90. Participants’

scores ranged from 26 to 66 (M = 44, SD = 9.49).
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The physical burden of the running task was assessed using the Rating of Perceived Exertion

(RPE) scale [17], which ranged from 6 (no exertion) to 20 (maximal exertion).

Intrinsic motivation was evaluated using the Intrinsic Motivation Inventory (IMI) [130],

which is widely used in sports and exergaming research [29, 97, 168]. Considering the nature

of our experimental conditions, we selected the pressure/tension subscale of the IMI, which

serves as a negative predictor of intrinsic motivation [60]. Participants rated five items (e.g., “I

did not feel nervous at all while doing this”) on a 7-point Likert scale ranging from 1 (not at all

true) to 7 (very true). This subscale exhibited good internal consistency, with Cronbach’s α =

0.80.

To compare attentional focus across different experimental conditions, we employed the

Focus of Attention Questionnaire (FAQ) [158], which includes two five-item subscales: self-

focus (e.g., “I was focusing on what I thought of the other person”; Cronbach’s α = 0.57) and

external-focus (e.g., “I was focusing on the other person’s appearance or dress”; Cronbach’s α =

0.74). These subscales measure attention directed toward internal bodily reactions and external

environmental cues. Participants responded using a 5-point scale ranging from 1 (not at all) to

5 (in total), selecting the option that best represented their experience during the running task.

The participants’ physical performance was assessed using a treadmill’s built-in calorie con-

sumption display. In addition, real-time heart rate data were collected during the running task

using an Apple Watch SE (2nd generation) paired with the HypeRate API (https://www.hyperate.io/).

Fig 4.2 illustrates the layout of the room used in the experiment.

Procedure

Recruitment emails were sent to students inviting them to participate in the treadmill exer-

cise experiment. The email included information, such as the experiment’s duration, monetary

compensation, a requirement that participants be healthy adults, and a note indicating that the

experiment may involve a considerable physical demand.

A total of 24 students (6 females and 18 males, aged 22–33 years) expressed their willing-

ness to participate during the designated recruitment period (May 7–27, 2024). On the day of

the experiment, upon arrival at the room, participants were provided with a verbal explanation

of the study’s purpose, procedures, data handling (including anonymization), and compensation

based on written materials approved by the Life Science Committee. Furthermore, it was em-

phasized that the participants could discontinue the experiment at any time in case of physical

discomfort without any negative consequences.

The procedures for obtaining the informed consent form and its withdrawal documents are
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explained. After confirming that they had no questions, the participants voluntarily signed a

consent form and retained the withdrawal document. In addition, they completed two surveys to

assess exercise frequency and trait anxiety (STAI-T). Under the supervision of the experimenter,

the participants were equipped with an Apple Watch, and a heart rate monitoring application

was initiated. They completed a 5-minute pre-running stretching routine by following a guided

video. The experimenter instructed participants on treadmill use and allowed sufficient time for

familiarization and adaptation. Once the participants began the task, the experimenter left the

room. The task consisted of a 1-minute warm-up at 3.5 km/h, followed by 7 min of running at a

self-selected pace. After the run, participants stopped the treadmill and performed a small post-

run stretching routine. The experimenter returned to the room and instructed the participants to

complete the RPE, FAQ, and IMI. Following a rest period of at least 10 minutes, the participants

repeated the Running Task under different conditions and completed the same questionnaires.

The entire session lasted approximately one hour.

The procedure varied slightly depending on the spectator’s condition. In the absence con-

dition, the experimenter left the room immediately after the participants began running. In the

AR spectator condition, the experimenter launched the AR application in advance on a Surface

Pro device and projected the AR character onto a large screen before leaving the room. In the

video spectator condition, a pre-opened video call interface was projected onto a large screen.

The experimenter left the room and appeared on the screen when the participant began to run.

In the live spectator condition, the experimenter stood in front of a large screen and observed

the participant directly throughout the running task, occasionally shifting the body weight be-

tween the feet to simulate the movement pattern of the AR character. For safety monitoring,

the experimenter monitored the participants’ safety during the AR spectator and absence con-

ditions using a concealed camera (unknown to the participants) and real-time heart rate data.

Under live and video spectator conditions, the experimenter ensured the participants’ safety by

directly observing their running status.

Across all the spectator conditions, the experimenter or virtual representation maintained a

neutral expression without overt emotional reactions to standardize the spectator role.

After at least two days, the participants returned for a second session, during which the

remaining experimental conditions were tested using the same procedure. Each participant

received a compensation of 2,000 JPY for their participation.

Results

We performed linear mixed-effects modeling on the data from the self-regulated running phase

using the General Analyses for Linear Models module (GAMLj3, version 3.5.1) within the
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Jamovi software (version 2.6.44; https://www.jamovi.org/).

Linear mixed-effects models extend the general linear model by incorporating fixed and ran-

dom effects. Contrarily to traditional repeated-measures ANOVA, these models can handle hi-

erarchical data structures and are sufficiently flexible to accommodate unbalanced data, missing

values, and irregular time intervals [100]. This flexibility allows researchers to model individ-

ual differences effectively and derive accurate estimates of population-level effects [6, 81, 83].

However, the flexibility of linear mixed-effects models increases the risk of overfitting [100].

To minimize this risk, we conducted the following procedure to select a suitable model.

First, we developed a null baseline model containing a fixed intercept and random participant

effects. Next, we added different combinations of fixed effects (condition, STAI-T) to the base-

line model and evaluated each using the maximum likelihood (ML) estimation. By comparing

these models, we determined the optimal set of fixed effects, which were included in the final

model. Subsequently, we re-estimated the model parameters using restricted maximum like-

lihood (REML) to obtain the final fixed-effect coefficients. Table 4.1 summarizes the results

for each dependent variable in the final model, including the fixed coefficients that showed

significant differences or trends between the two groups (p < 0.1).

An a priori power analysis was conducted to determine the required sample size for detecting

audience effects. Prior literature [84] and subsequent meta-analyses [14] have shown that such

effects account for only 1–3% of the variance in motor performance. A similar study [128]

reported a small audience effect with an effect size of Cohen’s d = 0.29, which was used as the

basis for our estimate. In a within-subjects experimental design with 4 conditions, α = 0.05,

and a desired power of 0.90, the required sample size was calculated to be 14 participants.

Table 4.1: Significant fixed coefficients for the measures.
95% Confidence Interval

Name Effect Estimate SE Lower Upper df t p

IMI_Pressure Live - AR 0.81 0.26 0.28 1.33 66.0 3.07 .003**
Live - Absence 0.96 0.26 0.43 1.48 66.0 3.64 .001**
Video - AR 0.53 0.26 0.00 1.05 66.0 2.00 .050*
Video - Absence 0.68 0.26 0.15 1.20 66.0 2.56 .013*

External_Focus Live - AR 2.08 1.00 0.10 4.07 69.0 2.09 .041*
Live - Absence 3.04 1.00 1.06 5.03 69.0 3.05 .003**
Video - AR 1.88 1.00 -0.11 3.86 69.0 1.88 .065
Video - Absence 2.83 1.00 0.85 4.82 69.0 2.84 .006**

Heart_Rate Live - AR 6.86 8.54 1.80 11.92 62.9 2.70 .009*
Live - Absence 7.48 2.50 2.51 12.46 62.8 2.99 .004**
Video - AR 5.53 2.55 0.46 10.61 62.3 2.17 .034*
Video - Absence 6.16 2.51 1.16 11.15 62.1 2.45 .017*

Calorie_consumption Live - AR 1.84 0.99 -0.12 3.80 67.1 1.87 .066
Live - Absence 2.53 1.00 0.54 4.52 67.1 2.53 .014*
Video - Absence 1.69 0.99 -0.27 3.65 67.1 1.72 .091

*p ≤ 0.05, **p < 0.01
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Perceived exertion - RPE The experimental condition had no significant effect on the par-

ticipants’ perceived exertion during the running task, as indicated by similar RPE scores across

groups: AR (M = 11.5, SD = 2.23), live (M = 12.1, SD = 2.39), video (M = 11.6, SD = 2.76),

and absence (M = 11.4, SD = 2.12). However, the STAI-T showed a marginal effect on RPE

scores (F = 4.17, p = .053), suggesting a trend in which higher trait anxiety was associated with

greater perceived exertion.

Intrinsic motivation - IMI Pressure/Tension Higher IMI Pressure/Tension scores indicate

greater subjective pressure. The experimental condition significantly affected the participants’

perceived pressure during the self-controlled running task (F = 5.78, p = .001). As shown in

Table 4.1, the participants reported significantly higher perceived pressure in the live and video

conditions than in the AR and absence conditions. The STAI-T had a significant main effect on

pressure/tension scores (F = 9.72, p = .005), indicating that individuals with higher trait anxiety

reported experiencing greater pressure. Additionally, there was a marginal interaction between

condition anxiety and trait anxiety (F = 2.58, p = .061). As illustrated in Fig 4.3, the perceived

pressure of participants in the live condition was more strongly influenced by their levels of trait

anxiety than those in the AR condition (b = 0.08, p = .009), with a similar trend observed in the

video condition than in the AR condition(b = 0.05, p = .059).

Attention - external focus The experimental condition significantly influenced the partici-

pants’ External Focus in the self-controlled running task (F = 4.37, p = .007). As shown in

Table 4.1, the participants reported significantly higher scores for external focus in the live con-

dition than in the AR and absence conditions. The participants in the video condition exhibited

a trend toward greater external focus than in the AR condition and significantly more focus than

in the absence condition. The STAI-T showed a significant main effect (F = 6.26, p = .020),

suggesting that individuals with higher trait anxiety tended to focus more on external factors,

such as the presence and appearance of others, during the task.

Physiological index - mean heart rate The experimental condition significantly affected par-

ticipants’ heart rate during the self-controlled running task (F = 4.48, p = .007). As shown in

Table 4.1, the participants exhibited significantly higher heart rates during the self-paced run-

ning phase under the live and video conditions than under the AR and absence conditions.

Performance index - calorie consumption The experimental condition had a marginal effect

on participants’ calorie consumption during the self-controlled running task (F = 2.49, p =

.067). As shown in Table 4.1, the participants burned significantly more calories in the live
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Figure 4.3: Interaction between audience condition and trait anxiety on perceived pres-
sure. Perceived pressure varies with trait anxiety across audience conditions: AR, live, video-
call, and no spectators. IMI: Intrinsic Motivation Inventory; STAI: State-Trait Anxiety Inven-
tory.

condition than in the absence condition (p = .014). There was a trend toward higher calorie

consumption in the live condition than in the AR condition (p = .066), and in the video condition

than in the Absence condition (p = .091).

Correlation We conducted a Spearman correlation analysis using IBM SPSS Statistics 27 to

examine the pairwise relationships among the measures. The results (see Table 4.2) showed that

RPE, IMI_pressure, External_focus, and calorie consumption were positively correlated with

one another.

Table 4.2: Correlations between measures.
RPE IMI_pressure External_focus Heart_rate Calorie

RPE 1 .269** .206* -.015 .280**
IMI_pressure .269** 1 .378** -.073 .262*
External_focus .206* .378** 1 .144 .087
Heart_rate -.015 -.073 .144 1 .141
Calorie .280** .262* .087 .141 1
** Correlation is significant at the 0.01 level: 2-tailed
* Correlation is significant at the 0.05 level: 2-tailed
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4.2.3 Experiment 2: impact of different types of supportive AR charac-
ters

To investigate how familiarity or likability of virtual characters influences the effectiveness of

their encouragement, we experimented with a within-subject design. Each participant experi-

enced four conditions: encouragement from an AR character resembling a good friend (FC),

encouragement from a liked AR character (LC), encouragement from a neutral AR character

(DC), and a control condition with no encouragement (NC).

Each participant used Ready Player Me software to create an AR character resembling the

appearance of a close friend for use in the FC condition. The participants were instructed to

upload a photo or use a random character and adjust their body shape, appearance details, and

hairstyle or color to closely resemble their good friends. For the LC condition, we selected

five different styles of female characters from a Unity Asset Store. Each participant chose their

favorite character from these options, which was used as a virtual character in the LC experi-

mental condition. The neutral AR character was a generic female model from Mixamo software

(https://www.mixamo.com/) without facial details, as shown in Fig 4.4. The encouragement an-

imation was created by combining the waving animation and cheering animation from Mixamo

and was applied uniformly across all characters. The configuration of the AR application fol-

lowed the same procedure as in the previous experiment.

Figure 4.4: Encouragement animations under the DC (disliked or natural AR character)
condition. A generic female performs (a) waving and (b) cheering animations.

To investigate the effect of a supportive AR character, we designed a running task, as shown

in Fig 4.5, which was a prerecorded video composed of different segments that changed over

time. Based on preliminary trials and insights from our previous experiment, we set the warm-

up speed at 4 km/h and established the following maximum speed guidelines: For participants

who regularly engaged in exercise, the maximum speed was set at 7 km/h for women and 8
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km/h for men. With a lower exercise frequency, the speed was limited to 6 km/h in women and

7 km/h in men. A 3-minute walking segment at 3 km/h was included after a period of higher-

intensity running, with the dual purpose of facilitating cardiovascular recovery and enhancing

the subjective contrast between exertion and rest. This contrast was intended to amplify the per-

ceived sense of fatigue and increase the psychological urge to stop, which effectively simulated

real-world scenarios in which individuals must decide whether to continue exercising despite

fatigue. In this experiment, the 3-minute self-paced phase began immediately after the partici-

pants viewed a 12-second AR encouragement animation. The visual stimuli depicted in Fig 4.5

show one of the AR friend characters used in this experiment. As shown in Fig 4.6, the video

content was displayed on a monitor positioned in front of the participants while running.

Figure 4.5: Running task procedure in Experiment 2. Sequences of screen content presented
during the running task.

Procedure

The recruitment procedures conducted from September 17 to September 30, 2024, and from

November 11 to November 17, 2024, were identical to those used in previous experiments.

Twenty-one subjects (11 females and 10 males, aged 21-32 years) participated in this experi-

ment.

Fig 4.7 illustrates the experimental procedure. Consistent with the previous experiment, the

participants provided written informed consent following a detailed explanation of the study

procedure. Subsequently, participants completed questionnaires to assess exercise frequency

and trait anxiety (STAI-T). They were informed that they could stop the experiment at any point

if they experienced discomfort, without any negative consequences. The participants wore an

Apple Watch to begin heart rate monitoring. Next, they completed a questionnaire ranking

the likability of various characters. Under the experimenter’s guidance, the participants cre-

ated a character that resembled a close friend. Subsequently, they completed a questionnaire

evaluating the similarity of the character’s appearance and ambiance with that of their friends.

The experimenter then introduced the running task, explaining the treadmill speed display, the

method for determining maximum speed, and the purpose of the all-black screen phase. Partic-

ipants were informed that the suggested maximum speed was only a guideline and they were
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Figure 4.6: Experimental room layout in Experiment 2. Shows the position of the large
screen within the room and the way content appears on the screen.

encouraged to reduce their speed if it became too strenuous. The participants performed pre-run

stretching exercises and familiarized themselves with the treadmill. When the participants were

ready, the experimenter began recording the treadmill data, started the running task video, and

exited the room. During the running task, the experimenter used a hidden camera and monitored

the participants’ heart rate to ensure their safety. After the treadmill was stopped, the experi-

menter returned to the room and administered the RPE scale, IMI-Pressure/Tension subscale,

and a custom questionnaire evaluating the participants’ feelings toward supportive characters.

After a rest period of at least 10 minutes, the participants completed task B under different

conditions and answered the same questionnaires. The entire session lasted approximately one

hour.

Participants returned for a second session after two days. After a 5-minute resting heart

rate measurement, they proceeded with the same procedure for the remaining experimental

conditions. Each participant received a compensation of 2,000 yen for their participation. The

LC, DC, and NC conditions were presented in randomized order across Tasks A, B, and C or

D, as shown in Fig 4.7. Because the characters in the FC condition were created on the day of

the experiment and recording the AR as well as producing the video required additional time,
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Figure 4.7: Experimental procedure. Outlines the participant flow after entering the room,
including questionnaires and the running task.

the FC condition was included only in the second session and was randomly assigned to either

Task C or D.

Measures

The Karvonen formula, also known as the heart rate reserve (HRR) method, was used to cal-

culate exercise intensity [148]. In line with the current guidelines for healthy populations, the

HRmax was estimated using the following age-based formula: 220 – age [90, 47, 112]. Exer-

cise intensity was calculated as: (HR – resting HR) / HRR, where HRR was defined as HRmax

– resting HR. The participants’ heart rates were continuously monitored in real-time during the

experiment using an Apple Watch.

Perceived exertion was measured using the RPE scale; trait anxiety was assessed using

the STAI-T (participants’ scores ranged from 25 to 68; M = 44, SD = 11.4); and intrinsic

motivation was evaluated using the pressure/tension subscale of the IMI. Exercise performance

was quantified using the treadmill’s built-in calorie consumption feature. These measures were

identical to those used in the previous experiment.

Results

We analyzed the data from the three-minute free-running phase using the same method as in the

previous experiment. Table 4.3 summarizes the results for each dependent variable under the

best-fitting model, including the fixed coefficients that showed significant differences or trends

between the two groups (p < 0.1).

RPE The experimental condition had no significant effect on the participants’ perceived ex-

ertion during self-paced running, as indicated by the similar RPE scores across the groups: FC
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Table 4.3: Significant fixed coefficients for the measures in Experiment 2.
95% Confidence Interval

Name Effect Estimate SE Lower Upper df t p

IMI_Pressure FC-LC -0.47 0.19 -0.84 -0.10 60.0 -2.50 .015*
FC-DC -0.50 0.19 -0.88 -0.13 60.0 -2.70 .009*

Exercise_Intensity FC-NC 4.01 2.03 -0.03 8.05 53.0 1.98 .053
LC-NC 5.38 2.03 1.34 9.42 53.0 2.66 .010*
LC-DC 3.43 2.03 -0.61 7.47 53.0 1.70 .096

Calorie_consumption FC-NC 1.86 0.53 0.81 2.90 55.9 3.54 .001**
FC-DC 1.20 0.53 0.15 2.25 55.9 2.29 .026*
LC-NC 1.66 0.54 0.59 2.73 56.0 3.09 .003**
LC-DC 1.00 0.53 -0.07 2.07 56.0 1.87 .067

*p ≤ 0.05, **p < 0.01

(M = 11.1, SD = 1.71), LC (M = 11.3, SD = 2.15), DC (M = 11.6, SD = 2.20), and NC (M

= 11.4, SD = 1.75).

IMI Pressure/Tension The experimental condition significantly affected the participants’

perceived pressure during self-paced running (F = 3.06, p = .035). As shown in Table 4.3,

the participants reported significantly lower perceived pressure in the FC condition than in the

LC (p = .015) and DC (p = .009) conditions.

Exercise intensity The experimental conditions significantly affected exercise intensity dur-

ing self-paced running (F = 2.68, p = .056). As shown in Table 4.3, the participants exhibited

significantly higher levels of exercise intensity in the LC condition than in the NC condition

(p = .010). Additionally, a similar trend was observed when comparing the LC and DC condi-

tions (p = .096), and a marginally significant difference was observed between the FC and NC

conditions (p = .053). There was a significant interaction between condition and trait anxiety

(F = 7.32, p = .001). As illustrated in Fig 4.8, the exercise intensity of participants in the NC

condition was more strongly affected by variations in trait anxiety than those in the FC (b =

0.85, p = .001), LC (b = 0.56, p = .006), and DC (b = 0.63, p = .001) conditions.

Calorie consumption The experimental conditions significantly affected the participants’

calorie consumption during self-paced running (F = 5.44, p = .002). As shown in Table 4.3, the

participants burned significantly more calories in the FC condition than in the NC (p = .001)

and DC (p = .026) conditions. Similarly, calorie expenditure was significantly higher in the LC

condition than in the NC condition (p = .003), with a trend toward higher calorie consumption

than in the DC condition (p = .067). There was a significant interaction between condition and
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Figure 4.8: Interaction between audience condition and trait anxiety on exercise intensity
and calorie consumption. Changes in exercise intensity (left) and calorie consumption (right)
with increasing trait anxiety under four audience conditions: FC (AR character resembling a
good friend), LC (liked AR character), DC (disliked AR character), and NC (no encourage-
ment).

trait anxiety (F = 3.77, p = .015). As illustrated in Fig 4.8, the calories burned by participants

in the NC condition were more strongly influenced by their levels of trait anxiety than those in

the FC (b = 0.10, p = .031) and DC conditions (b = 0.16, p = .002).

Designated questionnaire To explore participants’ feelings about supportive characteristics,

we administered a self-designed questionnaire. The items are listed in Table 4.4. Item 3 used a

scale ranging from 1 (very negative) to 7 (very positive), whereas the other items used a scale

ranging from 1 (not at all) to 7 (very much). As shown in Table 4.4, participants reported

lower familiarity and attractiveness of the character in the DC condition than in the FC and LC

conditions. In addition, they perceived that characters in the DC condition elicited higher levels

of anxiety and negative emotions. There were no significant differences in participants’ feelings

about the characters between the LC and FC conditions, although small trends were observed

in terms of familiarity and attractiveness.

Table 4.4: Differences in self-designed questionnaire items between conditions.
FC-DC LC-DC FC-LC

Estimate p Estimate p Estimate p

1. How familiar do you feel with this character 2.57 .001** 1.67 .001** 0.91 .057
2. How attractive do you find this character 2.52 .001** 1.86 .001** 0.67 .092
3. What emotions do you have towards this character 1.90 .001** 1.81 .001** 0.10 .777
4. How natural do you find the character’s movements 0.91 .052 1.33 .005** -0.43 .349
5. Do the character’s movements provoke excitement 1.19 .015* 0.81 .092 0.38 .422
6. Do the character’s movements evoke feelings of anxiety -1.48 .002** -1.57 .001** 0.10 .829
*p ≤ 0.05, **p < 0.01.
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Table 4.5: Correlations between measures in Experiment 2.
RPE IMI_pressure Exercise_intensity Calorie

RPE 1 .222* .020 -.065
IMI_pressure .222* 1 .000 -.153
Exercise_intensity .020 .000 1 .643**
Calorie -.065 -.153 .643** 1
** Correlation is significant at the 0.01 level: 2-tailed
* Correlation is significant at the 0.05 level: 2-tailed

4.2.4 Discussion

This study investigated the effects of passive and active virtual audiences on self-regulated

physical activity, focusing on perceived exertion, psychological experience, and physiological

performance. Across two experiments, we found that while the presence of a virtual audience

did not significantly influence perceived physical exertion, it did affect participants’ psycholog-

ical pressure and exercise outcomes—particularly when audience characteristics (appearance)

and individual differences (trait anxiety), were considered.

Audience modality and social presence Our first experiment confirmed that real spectators

significantly increased both psychological pressure and calorie consumption, consistent with

the Yerkes–Dodson law [161] and classical findings that social presence enhances performance

on effort-based tasks [14]. This enhancement appears to be driven by heightened evaluation ap-

prehension [30] or attentional conflict [9]. The finding that video-call spectators elicited levels

of perceived pressure and attentional focus comparable to those induced by in-person audi-

ences suggests that mediated communication can effectively convey social presence, consistent

with the social presence theory proposed by Short et al. [132], which emphasizes the role of

perceived interpersonal immediacy in mediated interactions.

In contrast, the mere presence of AR virtual characters did not lead to significant changes in

either perceived pressure or performance. One possible explanation lies in the direction of par-

ticipants’ attention: participants paid significantly less attention to the AR characters than to real

spectators. This may be because virtual characters are unable to provide immediate feedback

or social evaluation, thereby reducing their perceived presence and authenticity. Consequently,

the lower sense of being evaluated could explain the reduced pressure experienced under virtual

spectators compared to real ones. This finding is consistent with previous studies showing that

the presence of virtual agents does not necessarily enhance task performance [42, 160].

Moreover, in the presence of virtual spectators, pressure levels were largely unaffected by
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participants’ trait anxiety. While individuals with higher trait anxiety reliably reported greater

pressure when facing real audiences, a similar trend was observed even in the no-audience

condition. This may be attributed to their heightened sensitivity to potential monitoring, given

their awareness of being part of a lab-based experiment. As suggested by the Hawthorne effect

[98], participants may feel observed regardless of the experimental condition [42]. Notably,

the visible but clearly non-evaluative nature of AR characters may have buffered this imagined

pressure, offering a psychologically safe alternative to real audiences for anxious exercisers.

Audience familiarity and visual encouragement Experiment 2 extended previous research

by examining how audience identity and visual feedback influence psychological pressure and

performance outcomes. Overall, encouragement from virtual characters—regardless of type—did

not significantly increase perceived pressure. This may be due to the relatively simple and low-

stakes nature of the treadmill running task, which likely failed to trigger strong evaluative con-

cerns. However, significant differences emerged across character types. Participants exposed

to familiar, friend-resembling virtual characters reported significantly lower pressure compared

to those exposed to merely liked characters. This suggests that the customization process not

only enhanced character realism but also increased psychological relevance, fostering a stronger

emotional connection. In contrast, static "liked" characters lacked the personal context neces-

sary to elicit similar effects. These findings highlight the importance of identity-based personal-

ization in enhancing the motivational impact of virtual agents. Rather than visual appeal alone,

it is the emotional resonance and personal relevance of the character that shape users’ interpre-

tations of and responses to virtual encouragement. In our custom questionnaire, responses to

the familiarity item revealed a near-significant difference between the two conditions, suggest-

ing subtle but meaningful variations in emotional connection. This aligns with prior research

showing that user-customized agents can influence users’ emotional states [157, 3].

Importantly, both conditions enhanced performance, indicating that high familiarity or emo-

tional affinity with a virtual audience can significantly boost task outcomes. This supports

previous findings that both the perceived relationship between the individual and the audience

[142, 160, 59, 164] and audience characteristics such as attractiveness [60, 41] play key roles

in modulating performance. The lack of a performance benefit from a neutral virtual character

reinforces that encouragement alone is not universally effective—it depends on who delivers it

and how personally meaningful they are perceived to be. While many previous studies have dis-

cussed the theoretical potential of personalized characters [3, 95, 80, 136], few have empirically

demonstrated their practical benefits. Our findings offer empirical support for their effective-

ness, aligning with prior evidence that emotionally meaningful digital companions can enhance

task engagement [49].
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Finally, the interaction between audience condition and trait anxiety revealed that, across all

virtual audience types, performance was less affected by participants’ trait anxiety compared

to the no-audience condition. This suggests that virtual audiences may buffer the negative

impact of individual anxiety, providing a psychologically safer and more supportive exercise

environment.

Collectively, our findings highlight a nuanced tradeoff between performance enhancement

and psychological safety. While real audiences or competitive settings can boost effort, they

also risk inducing pressure, particularly for socially anxious individuals. Passive AR specta-

tors, though less effective at enhancing performance, may offer a low-pressure social presence

more conducive to long-term motivation. Meanwhile, active and emotionally resonant virtual

characters—especially those perceived as close companions—appear capable of enhancing both

performance and subjective experience without inducing stress.

Theoretical and practical implications These findings offer several key implications for the

design and application of virtual audience systems in exercise settings:

• Emotionally Safer Alternatives to Real Audiences: Passive or semi-interactive virtual

audiences can offer a less threatening form of social presence compared to real spectators.

This moderated presence helped buffer the negative effects of trait anxiety while still

providing motivational benefits. Such virtual audiences are particularly well-suited for

individuals who may be sensitive to social evaluation, offering a psychologically safer

environment that supports engagement without inducing performance pressure.

• Importance of Audience Appearance and Emotional Affinity: The appearance and iden-

tity of virtual agents significantly affect their behavioral impact. Characters resembling

familiar or personally meaningful figures are more effective in enhancing user perfor-

mance. These findings highlight the role of emotional resonance and familiarity in shap-

ing users’ responses to virtual encouragement.

• Advantages of Customization: User-involved customization processes—not just charac-

ter aesthetics—are central to maximizing the motivational potential of virtual agents.

Personalized agents foster greater emotional connection and perceived realism, leading

to improved task engagement and performance. Systems that allow users to shape or

co-create their digital companions may yield long-term adherence benefits in fitness and

wellness applications.
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Limitations and future directions This study has several limitations that should be acknowl-

edged. First, to ensure participant safety during treadmill running, virtual characters were dis-

played on a standard computer monitor rather than through a head-mounted display (HMD).

While this setup was practical, it may have reduced the sense of immersion and social presence.

Prior studies suggest that social facilitation or inhibition effects are often amplified in immersive

HMD environments compared to non-immersive displays [164, 41].

Second, the characteristics of spectators—such as their number, visual size, and gender—are

known to influence the experience of performers [160, 41, 57]. In our study, the virtual audience

was represented by a single character, whose on-screen presence was considerably smaller than

that of a real human observer. This difference may have attenuated the perceived salience of the

virtual audience. Moreover, while prior research has examined the impact of audience quantity,

valence, and interactivity, these variables are often intertwined, making it difficult to isolate the

effect of each factor [160].

Third, gender dynamics may have played an unintentional role in influencing outcomes.

For instance, the presence of opposite-gender spectators has been associated with enhanced

social facilitation effects in previous work [39]. In Experiment 1, the real and AR spectators

were female, whereas in Experiment 2, the gender of the virtual characters in the friend-like

condition was not standardized or matched to the participant. This lack of gender control may

have introduced additional variability.

Finally, this study focused on short-term, single-session effects. While the immediate im-

pact of virtual audiences on motivation and performance is encouraging, long-term engagement

may depend more on emotional safety, personalization, and sustained intrinsic motivation. Fu-

ture research should explore the longitudinal effectiveness of virtual audience systems, includ-

ing potential habituation or novelty effects over time.

Emerging techniques such as adaptive feedback—e.g., dynamically triggered encourage-

ment based on physiological metrics like heart rate—could further optimize both motivational

and emotional outcomes. The integration of emotionally intelligent, user-customized virtual

agents into AR/VR exercise platforms offers a promising avenue for supporting long-term ad-

herence and behavioral change in physical activity interventions.

4.2.5 Conclusion

This study explores the psychological and performance effects of different types of audience

presence during treadmill exercise, focusing on both passive and active virtual audiences. In

Experiment 1, real spectators elicited classical social facilitation effects, increasing both per-
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ceived pressure and physical performance. In contrast, passive AR spectators failed to produce

such effects; however, pressure levels under AR conditions remained stable across different

levels of trait anxiety, indicating a less threatening experience for anxiety-prone individuals.

Experiment 2 examined the impact of active virtual encouragement. While neutral characters

had minimal effect, both liked and friend-resembling characters significantly enhanced perfor-

mance, with highly customized, familiar characters also reducing perceived pressure.

These findings address the existing gap in research on non-interactive virtual audiences and

highlight the motivational value of emotionally resonant, personalized digital agents. Such

agents can serve as low-pressure alternatives to real spectators, offering promising design di-

rections for future immersive and adaptive exercise technologies.

4.3 Validation Experiment

To extend these preliminary findings, a validation experiment was conducted to examine whether

the observed effects of virtual audiences could be integrated into an adaptive feedback AR ex-

ercise system. While Experiments 1 and 2 focused on understanding how different types of

audiences (passive vs. active) influence perceived pressure and motivation, the validation ex-

periment aimed to translate these insights into an applied design. Specifically, the study tested

whether a virtual companion that adjusts its behavior based on users’ physiological feedback

(e.g., heart rate) could maintain motivation and comfort during exercise. This final stage served

to bridge theoretical understanding and practical implementation, offering guidance for the de-

velopment of emotionally adaptive virtual audiences in future fitness technologies.

4.3.1 Introduction

Regular physical activity provides substantial physical and psychological benefits, yet sustain-

ing motivation during solitary exercise remains difficult for many people [1, 39, 61, 94, 60]. In

the absence of social cues or companionship, self-paced workouts often feel less engaging and

more effortful, which can undermine adherence over time [35, 52]. This challenge has moti-

vated growing interest in technologies that introduce supportive forms of social presence into

otherwise solitary exercise routines.

Augmented reality (AR) offers a unique opportunity to embed virtual agents directly into

users’ physical environments. Prior research has shown that virtual coaches, teammates, and

companion figures can influence motivation, enjoyment, and perceived support during exercise

[108, 89, 106, 107, 60]. In digital settings, emotionally expressive or anthropomorphic char-
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acters can evoke warmth, social connectedness, and engagement [163, 88]. However, most

existing work has focused on instructional or competitive roles, and relatively little is known

about how emotionally expressive AR companions affect users during self-regulated physical

activity.

Another key but underexplored factor is avatar appearance. Visual style, realism, and famil-

iarity can strongly shape comfort, trust, and emotional responses [163, 143, 142]. While stylized

characters may offer approachability and emotional distance, human-like or familiar avatars can

evoke more complex reactions, sometimes increasing connection but also potentially introduc-

ing social pressure. Understanding these nuances is essential for designing companions that

feel supportive rather than intrusive.

The present study investigates how an emotionally expressive AR companion shapes users’

affective experiences, perceptions, and exercise behavior during self-paced treadmill running.

Using a mixed-methods approach, we examine how participants interpret different companion

designs, how they experience social and emotional aspects of the interaction, and how individual

traits such as anxiety may relate to these perceptions.

This research contributes to a growing understanding of how virtual companionship can be

designed for physical activity and identifies factors that influence comfort, engagement, and the

perceived social presence of AR exercise partners.

This study was approved (Approved No. 05-005) by the Life Science Committee of the

Japan Advanced Institute of Science and Technology on June 20, 2023. All procedures were

performed in compliance with relevant laws and institutional guidelines. The privacy rights of

human subjects have been respected, and informed consent was obtained for experimentation

with human subjects. All procedures were performed in compliance with relevant laws and in-

stitutional guidelines. The privacy rights of human subjects have been respected, and informed

consent was obtained for experimentation with human subjects.

4.3.2 System design

We developed an exercise companion system in which an AR character dynamically responds

to the user’s real-time exercise intensity through corresponding animations. Based on prior

research indicating that 40% intensity is the minimum threshold for improving aerobic capacity

[112], this value served as the system’s baseline.

Upon launch, the software retrieves the user’s resting heart rate and age from the input (in

Fig 4.9) and continuously calculates exercise intensity using real-time heart rate data. When

intensity rises above 40%, the AR character displays a standing animation, functioning as a
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passive observer or presence. When intensity falls below 40%, the character switches to a

cheering animation. The character returns to the standing animation only when the user’s effort

increases sufficiently to reach 50% intensity. The 50% threshold was selected as it represents the

moderate-intensity exercise and, following vigorous activity, is considered to impose a moderate

physiological load [148].

There are five different types of AR characters that can be selected for the feedback system:

1. a custom-made avatar resembling a close friend,

2. a personally preferred anime character,

3. a human-like avatar of the opposite gender to their friend,

4. a simplified blue skeletal male model, or

5. a simplified pink skeletal female model.

The human-like characters were created using ReadyPlayerMe, appealing anime-style char-

acters were sourced from Unity assets, and skeletal models were obtained from Mixamo. All

characters were animated in Unity (version 2022.3.22f1) to simulate natural standing body

movements, such as shifting weight between feet. A cheering animation was implemented by

animating both arms swinging above the head in a forward–backward motion. The AR scene

was developed in Unity, built using the Universal Windows Platform (UWP), and deployed

through Visual Studio. The final application was run on a Surface Pro device.

The layout of the experimental room is shown in Fig 4.9 and Fig 4.10.
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Figure 4.9: Experimental room.

4.3.3 Measures

The study incorporated several measures to evaluate both subjective experiences and objective

performance outcomes.
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Figure 4.10: A simple diagram of the experiment room.

To assess anxiety, we used the State–Trait Anxiety Inventory (STAI; [137]), which includes

the State Anxiety Scale (STAI-S) and the Trait Anxiety Scale (STAI-T). The present study

employed the STAI-T (Form JYZ), a 20-item measure (e.g., “I feel pleasant”) rated on a 4-

point Likert scale. Total scores range from 20 to 80, with 20–44 indicating low anxiety, 45–54

indicating moderate anxiety, and 55–80 indicating high anxiety. Internal consistency in the

experiment was excellent (Cronbach’s α = .94). Participants’ trait anxiety scores ranged from

27 to 73 (M = 46.75, SD = 12.39).

Perceived physical exertion during the self-regulated phase was measured using the Rating

of Perceived Exertion (RPE) scale [17], which ranges from 6 (no exertion) to 20 (maximal

exertion).

Intrinsic motivation was evaluated with the Intrinsic Motivation Inventory (IMI; 130), a

widely used tool in sport and exergaming research [29, 97, 168]. We administered the pres-

sure/tension subscale, a negative predictor of intrinsic motivation [60], consisting of five items

rated on a 7-point Likert scale from 1 (not at all true) to 7 (very true). This subscale demon-

strated moderate internal consistency (Cronbach’s α = .64). Intrinsic motivation was also as-

sessed using the Interest/Enjoyment subscale (seven items; e.g., “I enjoyed doing this activity
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very much”), which showed excellent reliability (Cronbach’s α = .90).

Attentional focus across conditions was examined with the Focus of Attention Questionnaire

(FAQ; 158), comprising two five-item subscales: self-focus (e.g., “I was focusing on what I

thought of the other person”; Cronbach’s α = .63) and external-focus (e.g., “I was focusing on

the other person’s appearance or dress”; α = .78). These subscales capture attention directed

toward internal reactions versus external cues. Items were rated on a 5-point scale from 1 (not

at all) to 5 (in total).

Objective physical performance was captured using the treadmill’s built-in calorie expen-

diture display. Additionally, real-time heart rate data were recorded throughout the running

task using an Apple Watch SE (2nd generation) connected to the HypeRate API (https:

//www.hyperate.io/).

Finally, participants took part in a semi-structured interview lasting approximately 25 min-

utes. They were encouraged to reflect on their feelings during the experiment and to draw on

their recent experiences when responding. The aim of the interview was to explore how the ap-

pearance of different types of virtual characters influenced participants’ emotional responses. A

set of pre-prepared questions provided a loose structure, addressing themes such as attentional

focus, goals, reasoning behind character selection, emotional reactions, perceived pressure, ex-

ertion, and customization preferences. Follow-up questions were used when necessary to clarify

participants’ statements and to elicit more nuanced explanations of the ideas and concepts they

raised.

4.3.4 Procedure

Twenty participants (9 females, 11 males; aged 22–36 years) took part in the study. The exper-

iment comprised two sessions.

Session 1: Preparation Phase Participants first visited the laboratory, received a compre-

hensive explanation of the study procedures, and provided written informed consent. They

completed questionnaires assessing exercise frequency, age, and trait anxiety (STAI-T), and

rated the likability of several appealing anime characters. Resting heart rate was then recorded

while participants wore an Apple Watch.

Next, each participant created an AR character modeled after a close friend, followed by

a similarity questionnaire evaluating how closely the character’s appearance and overall atmo-

sphere matched that friend.
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Participants’ treadmill running speeds were subsequently calibrated. This involved deter-

mining (a) the running pace necessary to maintain a heart rate corresponding to 60–70% in-

tensity for 2–3 minutes, and (b) the time required for heart rate to drop below 40% after tran-

sitioning to a reduced pace. Based on these assessments, the experimenter confirmed each

participant’s individualized “high-speed” and “low-speed” settings.

Session 2: System Experience Phase After a delay of 2–7 days, participants returned for

the second session. At the beginning of the session, the experimenter explained the system’s

animation-triggering principles and presented 3–5-second preview animations of each charac-

ter’s cheering and standing motions within the experimental room. Participants viewed the

previews and selected one companion from five options.

Participants then equipped the heart-rate monitor, completed warm-up stretching, and jogged

lightly on the treadmill. When ready, they signaled to the experimenter, who announced the start

of the trial and exited the room. Participants ran at their predetermined high speed for 4–5 min-

utes. After verifying that the required intensity and duration were achieved, the experimenter

re-entered the room to cue the transition to the low-speed setting without interaction.

In the system condition, the experimenter activated the AR companion software from be-

hind the large display, ensuring that the visual output was correctly mirrored before leaving the

room. Participants then maintained the low speed for an additional 4–5 minutes—timed using

individual calibration data to ensure that heart rate fell below the 40% intensity threshold once

the experimenter had exited.

In the system condition, the experimenter, positioned behind the large display, activated

the AR companion software and entered the participant’s resting heart rate and age into the

system. During the next 4–5 minutes, participants maintained the lower speed. This duration

was calibrated from the first session’s data to ensure that participants’ heart rates fell below the

40% intensity threshold.

Following the experimenter’s departure, participants were allowed to adjust their running

speed freely, with an upper limit set at 85% intensity for safety. After 7 minutes, the exper-

imenter re-entered and announced the end of the running task. Participants then completed a

post-exercise questionnaire and rested for 15–20 minutes before performing the same running

task under the opposite condition (With_system vs. Without_system). The order of conditions

was counterbalanced across participants.

After completing both runs, each participant took part in a semi-structured interview.

The first session lasted approximately 30 minutes, and the second session approximately 90
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minutes. Participants received compensation in accordance with institutional guidelines.

4.3.5 Quantitative evidence

We conducted linear mixed-effects modeling on data from the self-regulated running phase

using the General Analyses for Linear Models module (GAMLj3, version 3.5.1) in Jamovi

(version 2.6.44; https://www.jamovi.org/).

Linear mixed-effects models extend the general linear model by incorporating both fixed and

random effects. Unlike traditional repeated-measures ANOVA, these models are well suited for

hierarchical data structures and can flexibly accommodate unbalanced designs, missing obser-

vations, and irregular time intervals [100]. This flexibility enables more accurate estimation of

population-level effects while appropriately accounting for individual differences [6, 81, 83].

However, the increased modeling flexibility also heightens the risk of overfitting [100].

To mitigate this risk, we followed a stepwise model-building procedure. We first constructed

a baseline null model that included only a fixed intercept and random participant effects. Next,

we added different combinations of fixed effects (condition, STAI-T) to this baseline and eval-

uated each candidate model using maximum likelihood (ML) estimation. Model comparisons

were used to identify the optimal fixed-effects structure, which was then incorporated into the fi-

nal model. Finally, we refitted the selected model using restricted maximum likelihood (REML)

to obtain unbiased estimates of the fixed-effect coefficients.

Perceived exertion - RPE The experimental condition had no significant effect on the par-

ticipants’ perceived exertion during self-paced running, as indicated by the similar RPE scores

across the groups: With_system (mean = 9.4, SD = 2.23) and Without_system (M = 9.3, SD

= 2.38).

Attention - FAQ The experimental condition had no significant effect on the participants’

external focus or internal focus during self-paced running, as indicated by the similar scores

across the groups: With_system (mean = 11.7, SD = 5.00) and Without_system (M = 11.0,

SD = 5.59) in external focus, With_system (mean = 12.0, SD = 3.57) and Without_system (M

= 12.3, SD = 4.42) in internal focus.

Intrinsic motivation - IMI The experimental condition significantly affected the participants’

felt pressure/tension (F = 6.98, p = .016), and interest/enjoyment during self-paced running (F
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= 7.87, p = .011). The participants reported significantly lower perceived pressure and more

interest/enjoyment in the With_system condition than in the Without_system condition.

Performance index - Calorie consumption The experimental condition significantly af-

fected the participants’ calorie consumption during self-paced running (F = 7.96, p = .011).

The participants burned significantly more calories in the With_system condition than in the

Without_system condition. There was a slight interaction between condition and trait anxi-

ety (F = 3.55, p = .076). As illustrated in Fig 4.11, the calories burned by participants with

moderate (F = 7.96, p = .011) and higher (F = 11.04, p = .004) trait anxiety were more in

the With_system condition than in the Without_system condition. Participants’ STAI-T scores

ranged from 27 to 73 (M = 46.8, SD = 12.2).

Figure 4.11: Interaction between condition and trait anxiety on calorie consumption. Par-
ticipants with higher trait anxiety burned more calories in the With_system condition compared
to the Without_system condition. STAI: State-Trait Anxiety Inventory.

Correlation We conducted a Spearman correlation analysis using IBM SPSS Statistics 27 to

examine the pairwise relationships among the measures. The results (see Table 4.6) showed

that RPE and External_focus, IMI_interest and calorie consumption, External_focus and Inter-

nal_focus, were positively correlated.

4.3.6 Qualitative evidence

This subsection presents participants’ overall preference rankings for the different avatar types,

followed by descriptive interpretations of why they favored or rejected certain designs. These

patterns provide contextual grounding for the thematic analysis that follows.
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Table 4.6: Correlations between measures in validation experiment.
RPE IMI_interest IMI_pressure External_focus Internal_focus Calorie

RPE 1 -.209 .293 .392* .201 .167
IMI_interest -.209 1 -.299 .019 .026 .328*
IMI_pressure .293 -.299 1 .210 .236 -.192
External_focus .392* .019 .210 .1 .689** -.140
Internal_focus .201 .026 .236 .689** 1 .029
Calorie .167 .328* -.192 -.140 .029 1
** Correlation is significant at the 0.01 level: 2-tailed
* Correlation is significant at the 0.05 level: 2-tailed

Preference patterns across avatar types

When asked to rank their willingness to use each character, most participants (n = 13) selected

the preferred animated character as their first choice, describing it as visually appealing, emo-

tionally positive, and “comfortable to look at.” Four participants favored the friend-like custom

character, and two preferred the opposite-gender human-like avatar, often citing realism and

familiarity as motivating factors. Only one participant selected the blue skeletal male model as

his most preferred option.

In contrast, the skeletal models were overwhelmingly ranked as the least desirable by fifteen

participants, who described them as “emotionless,” “unnatural,” or “unsettling.” Three partici-

pants least preferred the opposite-gender human-like avatar, and two expressed low willingness

to use their friend-like custom character.

These patterns suggest that participants gravitated toward avatars that conveyed emotional

warmth, aesthetic appeal, or a sense of companionship, while avoiding designs perceived as

abstract, mechanical, or uncanny.

Theme 1: How Avatars Feel to Users (Affective and Social Responses)

Participants described rich emotional and social reactions to avatar appearance. Many sought

avatars that produced comfort, positivity, and warmth—qualities expressed as “harmless,” “friendly,”

and “energetic” (P01–P03, P24). P01 emphasized that comfort was essential: the avatar “looked

non-aggressive, and the appearance is what I like. Comfort is my main criterion—only when I

feel comfortable can I interact with it.” P24 also valued the lively expression: “the anime char-

acter’s colors and expression are very lively and full of energy. When I feel a bit tired, seeing

her cheering makes me want to persist.”

Familiarity shaped social feelings in both positive and negative ways. P23 felt supported—“I
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felt relaxed and supported, like when we used to work out together”—and P16 said familiarity

“made me feel lighter and more natural.” P15 appreciated reduced loneliness: “The friend-like

character gives me a stronger sense of connection because it’s someone from my real life—it

reduces loneliness during exercise.”

But familiarity also generated invisible expectations. P21 said, “Seeing a familiar face

brings invisible social pressure, because you relate it to real-life interactions and feel you must

behave accordingly,” and P12 noted, “The more similar the character is to someone I know, the

less relaxed I feel.”

Participants reacted strongly to the gaze. P13 disliked being observed: “I don’t like being

stared at—it’s awkward. The faceless model was my favorite because it doesn’t have a gaze.”

P21 felt reassured: “I like being looked at—it feels kind and makes me feel noticed by the

character, which relaxes me.”

Visual complexity influenced attention and comfort. P12 said, “I don’t need interaction or

gaze—I just want something bright and strange that keeps my attention off tiredness,” while P20

noted, “The anime character is my favorite, but she doesn’t match the exercise setting—she’s

too vivid and distracts my attention.”

When avatars appeared strict or unrealistic, participants felt pressure or discomfort. P08

said, “The realistic model felt like a strict coach—the emotional support was not gentle, more

like supervision.” Idealized avatars caused anxiety for some: P22 said, “The anime character’s

body and facial features are too perfect, too thin—it makes me anxious,” and P13 said, “Her

body proportions are strange and unrealistic; it feels creepy and distant.” Mismatched realism

also triggered discomfort, as P07 and P19 noted that “when the body shape didn’t match my

real friend’s, it felt uncomfortable.”

Theme 2: What Avatars Do for Users (Motivational and Functional Support)

Participants also evaluated avatars with respect to how they support exercise goals. Many se-

lected avatars that appeared strong, capable, or similar to their gender identity. P03 said that

“He looks strong and is the same gender, which gives me confidence—like exercising with a

reliable partner.” P22 similarly said, “her body and skin color make me feel secure; the same

gender gives a sense of closeness and motivates me to reach that kind of body shape.”

Participants also described role models as strong motivators. P10 said, “if a professional

athlete were the companion, I would feel more driven to exercise.” P07 and P23 added that

“fitness influencers could motivate me more because their body is my goal,” and “knowing their

effort makes me want to move closer to that target.”
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Users also expected functional support from avatars, especially for safety. P19 said, “It

would be better if the avatar reminded me when I overdo it to prevent injury.” Participants also

valued audio cues, noting that “a bit of cheering or voice feedback would make the companion

feel more alive.”

Gamification was widely supported. P22 said, “If my running time determined how long

my virtual dog could walk, I’d definitely keep running longer,” and others (P02, P03, P05)

mentioned coin rewards as engaging features.

4.3.7 Discussion

The validation experiment served as the final stage of this research, extending the two pre-

liminary studies by translating their findings into a feedback system context. Whereas Ex-

periments 1 and 2 investigated the psychological mechanisms underlying virtual audience ef-

fects—specifically, how the presence and emotional qualities of virtual spectators influence per-

formance, perceived pressure, and motivation—the validation experiment aimed to determine

whether these insights could be operationalized into a company AR system that responds to

users’ physiological. This experiment therefore functioned as a bridge between theory and ap-

plication, exploring how emotional companions might sustain motivation during self-regulated

exercise.

This study demonstrates that emotionally expressive AR companions can enhance users’

affective experiences and exercise outcomes during self-paced running. Compared with running

alone, exercising with the companion reduced perceived pressure, increased enjoyment, and

led to higher calorie expenditure. These benefits were especially notable among participants

with moderate to high trait anxiety. The qualitative findings further clarify why these effects

occurred, revealing that users’ emotional responses and comfort levels were strongly shaped by

the companion’s appearance, expressiveness, and perceived social role.

Emotional Safety as a Mechanism for Improved Experience The reduction in perceived

pressure suggests that the AR companion created a psychologically safer environment for exer-

cise. Running alone in a laboratory can heighten self-awareness and subtle evaluative stress[42,

20], particularly for individuals who are sensitive to being observed. In contrast, the presence of

an emotionally positive avatar appeared to redirect attention away from the evaluative context

and toward a more comforting focal point.

Participants described warm, expressive characters as relaxing, encouraging, and less so-

cially demanding. This emotional cushioning likely benefited participants with higher trait anx-
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iety the most: they showed the greatest improvement in calorie expenditure when accompanied

by the system. The companion may have reduced internal tension, allowing them to main-

tain effort more comfortably. This aligns with prior work showing that virtual social presence

can reproduce motivational aspects of social facilitation while reducing the pressure reducing

associated with real or imagined social evaluation [131, 88].

Avatar Appearance Shapes Comfort and Engagement The qualitative results reveal that

users’ acceptance of the companion depended heavily on its visual and social characteristics.

Animated and stylized avatars were consistently preferred; they were seen as friendly, non-

threatening, and energizing. In contrast, human-like or skeletal avatars were judged as unset-

tling, overly strict, or emotionally flat. Even minor discrepancies in realism—such as body

proportions that did not match the expected appearance—reduced trust and comfort, consistent

with perceptual-mismatch accounts of the uncanny valley [76, 103].

Familiarity produced mixed effects. While friend-like avatars strengthened emotional con-

nection for some participants, they also introduced subtle social pressure for others, who asso-

ciated the avatars with real interpersonal expectations. This indicates that social distance is a

critical design factor, determined by whether users perceive the character as providing intimate

support or as being evaluative.

Motivational and Functional Expectations of AR Companions Beyond emotional comfort,

participants evaluated avatars in terms of how they supported their exercise goals. Expressive,

stylized avatars were perceived as effective emotional companions, whereas more realistic or

athletic avatars were viewed as better for performance modeling or credible feedback. This

distinction suggests that users implicitly assign different functional roles to different avatar

types.

Participants also expressed clear expectations for future capabilities, including adaptive en-

couragement, safety alerts, and multimodal feedback such as voice or sound. Many viewed the

companion not as an observer but as a potential training partner. Gamified interactions—such

as earning coins or caring for a virtual pet—were also seen as powerful motivators, indicating

that playful goal structures can complement emotional support.

Design implications for Real-Time Feedback Companions Taken together, the findings

show that AR exercise companions must balance social presence, emotional safety, and mo-

tivational support. Users react not only to what companions do, but to who they appear to be.

Emotional expressiveness and warmth promote comfort and enjoyment, while mismatched or
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overly realistic designs risk inducing pressure or discomfort. Familiarity must be used carefully,

as it can both strengthen and undermine engagement.

Designers should therefore aim for avatars that provide encouragement without surveil-

lance, presence without pressure, and support without imposing real-world social expectations.

As AR fitness applications continue to evolve, understanding how appearance, emotional tone,

and adaptive behavior interact will be essential for creating companions that enhance—not hin-

der—users’ physical and psychological experiences.

Based on both behavioral outcomes and participant feedback, three key design directions

emerge:

• Role-aligned aesthetics – Match avatar visual style to function: stylized or cute characters

for emotional companionship and attention support; realistic, physically fit models for

instructional or goal-oriented feedback.

• Adaptive feedback intensity – Expand beyond low-intensity triggers toward context-aware

responses that balance motivation with relaxation.

• Personalization and emotional distance – Allow users to adjust familiarity, realism, and

gaze behavior to align with their comfort level. Idol-like or aspirational avatars may

provide an optimal middle ground—motivational but emotionally safe.

Limitations and Future Directions In addition to the limitations of the preliminary exper-

iments, the validation experiment also presents several constraints that should be considered.

First, although the company AR system demonstrated promising results in improving user mo-

tivation and comfort, it was tested within a short, single-session context. Longer-term trials

are required to evaluate whether users maintain engagement with virtual companions over ex-

tended use. Second, the feedback mechanism in this version of the system relied solely on heart

rate data, which captures physical intensity but not psychological or emotional states. Future

iterations should integrate additional biosignals such as facial expression, gaze, or affect recog-

nition to enable richer emotional adaptation. Third, the visual and behavioral complexity of the

AR companion was limited to simple animations (e.g., cheering or standing), which may not

fully represent realistic social feedback. Incorporating more naturalistic gestures, speech, or

contextual reactions could improve immersion and user identification.

The validation experiment contributes to both theoretical understanding and applied devel-

opment of virtual audience research. Theoretically, it demonstrates that even minimal, reactive

feedback grounded in physiological data can reproduce the psychological benefits of social fa-

cilitation while maintaining comfort. Practically, it offers a foundation for the gradual evolution
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of real-time feedback companions into more adaptive, emotionally aware systems capable of

interpreting users’ internal states with greater nuance.

Future research should explore several key directions. First, expanding beyond heart rate as

the sole feedback channel would provide a richer understanding of user states. Second, longitu-

dinal studies are needed to assess whether feedback-based systems can sustain motivation and

adherence to exercise routines over longer periods. Third, testing the system in more immersive

AR or VR environments—and under varying social or environmental conditions—could clarify

how context influences the perceived realism and effectiveness of feedback. Finally, collabo-

rative or multi-user configurations may allow feedback companions to support cooperative or

competitive virtual exercise experiences, broadening the social and motivational dimensions of

the system.

Conclusion This study demonstrates that emotionally expressive AR companions can mean-

ingfully enhance users’ affective experiences and exercise performance during treadmill run-

ning. Exercising with the companion reduced perceived pressure, increased enjoyment, and led

to higher calorie expenditure, with particularly strong benefits for individuals with moderate

to high trait anxiety. These findings indicate that virtual companions can provide a motivating

and emotionally safe form of social presence that supports engagement without creating the

evaluative pressure often associated with real human audiences.

The qualitative results further show that users’ comfort and acceptance depend strongly on

avatar appearance and perceived social role. Warm, stylized characters fostered approachability

and emotional support, whereas overly realistic or mismatched designs generated discomfort

or social pressure. Participants also expressed a desire for companions that combine emotional

expressiveness with adaptive feedback and playful goal structures.

Taken together, the findings highlight the importance of aligning a companion’s visual de-

sign, emotional tone, and behavioral capabilities to create a supportive and enjoyable exercise

experience. As AR and mixed-reality fitness applications become more widespread, designing

companions that balance social presence with emotional safety will be essential for promoting

sustained motivation and positive user experiences.

4.4 Summary

This chapter examined how designed social and emotional cues can enhance motivation and

engagement during solitary physical activity. Building upon the theoretical foundation of so-

cial facilitation and the Yerkes–Dodson law of optimal arousal, the study explored whether vir-
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tual representations of social presence—delivered through augmented reality (AR)—can sustain

users’ effort and enjoyment in exercise contexts where motivation typically declines over time.

We selected a treadmill as the exercise apparatus for this study for the following two reasons.

First, as one of the most common and accessible exercise devices, the treadmill can be used

easily by participants after a brief familiarization period, which aligns well with our intention to

employ a simple physical task. Second, running is a whole-body activity, and a relatively high

level of exercise intensity can be achieved within a short period by adjusting the speed. This

characteristic allowed us to better control and reduce the overall experimental duration.

Two preliminary experiments were conducted to isolate the effects of distinct forms of vir-

tual social presence. Experiment 1 (Audience Presence) implemented a minimally interactive

virtual audience with subtle standing animations to examine the influence of passive observa-

tion, comparing with other forms of social presence. Results indicated that limited social cues

significantly triggered lower pressure. Experiment 2 (Supportive AR Characters) compared

the influence of avatars with varying levels of familiarity and aesthetic appeal serving as cheer-

ing companions after users’ high-intensity exercise.

To consolidate these insights, a Validation Experiment was developed as an integrated

AR system combining the two prior conditions—the standing audience and cheering character

animations. This system aimed to simulate a comprehensive affective-social environment, pro-

viding both subtle observation and active encouragement. Empirical findings revealed that the

combined system effectively maintained participants’ physiological arousal and engagement

across exercise sessions, leading to higher running speed and self-reported enjoyment relative

to control conditions. The qualitative results further show that users’ comfort and acceptance

depend strongly on avatar appearance and perceived social role. Warm, stylized characters fos-

tered approachability and emotional support, whereas overly realistic or mismatched designs

generated discomfort or social pressure.

Taken together, the findings highlight the importance of aligning a companion’s visual de-

sign, emotional tone, and behavioral capabilities to create a supportive and enjoyable exercise

experience. As AR and mixed-reality fitness applications become more widespread, designing

companions that balance social presence with emotional safety will be essential for promoting

sustained motivation and positive user experiences.

Appearance in two studies Across both studies, appearance is defined as the visual identity

of the character (e.g., a familiar close friend or a highly preferred animated character). Appear-

ance is not treated as a performance-related variable per se, but rather as a design mechanism

through which the level of engagement with affective channels—namely familiarity and prefer-

ence—is manipulated.
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In Study 2, the research objective was to improve exercise performance. To support this

goal, cheering behavior was introduced as a task-relevant motivational action. Although cheer-

ing involves movement, it was implemented in an identical manner across all experimental

conditions. Thus, behavioral differences were not manipulated; instead, the experimental ma-

nipulation concerned who performed the cheering, rather than how the cheering was performed.

Consequently, the character’s appearance remained the key independent variable.

The two studies validate the same underlying design proposal. In Study 1, the appearance of

a familiar friend acting as an interviewer effectively reduced participants’ anxiety in interview

and oral presentation contexts. In Study 2, the same appearance types—familiar friends and

highly favored animated characters—were shown to enhance exercise performance when they

functioned as cheering companions.
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Chapter 5

Discussion

5.1 Overview

This chapter integrates findings (Table 5.1) from two empirical studies to examine how the

appearance of others regulates emotional experience and behavioral performance in mediated

interaction. Although the studies focus on different task domains—evaluative cognitive com-

munication and motivational physical activity—they are unified by a common mechanism:

appearance-based modulation of perceived social presence. By comparing familiarity and liking

as affective channels across contexts, this discussion synthesizes how appearance cues calibrate

psychological distance, influence appraisal of social evaluation or support, and ultimately shape

affective and performance-related outcomes. The chapter first interprets each study in its re-

spective task context, then develops a cross-study synthesis that identifies shared mechanisms,

contextual divergences, and implications for theory and design.

Table 5.1: Comparison of Interaction Dimensions Across Two Studies
Dimension Study 1: Evaluative Interaction Study 2: Action-Oriented Interaction

Interaction Context Evaluative, cognitive, socially judgmental Action-oriented, physical, self-regulated

Role of Appearance Regulating perceived evaluation Shaping supportive companionship

Targeted Social Presence Attenuated, non-threatening presence Emotionally supportive presence

Primary Psychological Effect Reduced state anxiety Increased enjoyment & motivation

Performance Outcome Improved communicative engagement Enhanced physical engagement

Optimal Appearance Strategy Familiar, emotionally safe faces Liked or emotionally resonant avatars

Key Risk if Mismatched Stylization → emotional ambiguity Real spectators → pressure & stress
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5.2 Study 1: Appearance-Based Regulation in Evaluative Cog-
nitive Tasks

Study 1 examined how manipulating the appearance of an interaction partner regulates emo-

tional experience during a cognitively demanding and socially evaluative task. By varying the

interviewer’s appearance (familiar friend, unfamiliar stranger, anime-stylized), the study iso-

lated two competing regulatory pathways—affective safety through familiarity and cognitive

distancing through abstraction—and tested their effectiveness in a controlled video-interview

context.

The results demonstrate that familiar appearance reliably regulates anxiety in evaluative set-

tings. Participants interacting with a friend-like interviewer consistently reported lower state

anxiety, higher perceived performance, and greater verbal fluency. Self-reported experiences

characterized these interactions as comforting and supportive, suggesting that familiarity acti-

vates schemas of acceptance and reduced judgment. In this sense, familiar appearance functions

as an external affective scaffold—lowering perceived evaluation threat and enabling participants

to allocate cognitive resources toward task execution rather than self-monitoring. Notably, these

positive effects persisted even when friend-like avatars introduced slight uncanny valley effects,

suggesting that familiarity-based emotional safety remains the dominant factor in reducing eval-

uation anxiety.

By contrast, stylized abstraction produced mixed and unstable effects. The anime condition

reduced gaze engagement, indicating partial cognitive distancing from the evaluative situation.

For some participants, this abstraction enabled reappraisal—reframing the interaction as less

real or less consequential. However, for others, reduced realism impaired social interpretabil-

ity and introduced ambiguity, which in turn heightened uncertainty and anxiety. Rather than

functioning as a consistent buffer, abstraction became a double-edged mechanism: capable of

dampening evaluation for some users while undermining emotional regulation for others.

Taken together, Study 1 indicates that in cognitively evaluative contexts, emotional regu-

lation benefits more from affective presence than from perceptual distance. Familiarity pro-

vides informational richness and emotional predictability, whereas abstraction risks disrupting

meaning-making when users must interpret intent, judgment, or feedback. In conclusion, the

overall pattern suggests that realism paired with emotional safety is more effective than sym-

bolic distancing when composure and clarity are required.
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5.3 Study 2: Appearance-Based Regulation in Motivational
Physical Tasks

Study 2 extended the investigation from anxiety down-regulation to motivation up-regulation in

embodied physical activity. Across multiple experiments, participants exercised under varying

forms of social presence, including real audiences, mediated spectators, and AR companions

with different appearances. The findings demonstrate that appearance-driven modulation of

social presence plays a critical role in sustaining motivation while managing perceived pressure.

Compared to real or video audiences, AR-mediated presence consistently reduced pressure

without eliminating social engagement. In subsequent experiments, both friend-like compan-

ions and liked anime characters enhanced effort and performance, but through partially distinct

pathways. Friend-like companions operated through relational warmth and emotional reas-

surance, supporting sustained effort, especially among experienced exercisers or individuals

with lower social anxiety. Liked anime characters, in contrast, leveraged aesthetic affinity and

playfulness, transforming repetitive exercise into an engaging interaction with a nonjudgmental

companion.

Preference data and interviews clarified this distinction. Many participants favored stylized,

expressive characters because these representations reduced evaluation apprehension while main-

taining motivational presence. The benefits of stylization emerged not from abstraction alone,

but from personal liking—a factor that narrowed affective distance even as perceptual distance

remained. In this context, abstraction was energizing rather than alienating, supporting engage-

ment in tasks that demand activation rather than composure.

Overall, Study 2 reveals that motivational contexts invert the regulatory logic observed in

Study 1. In evaluative tasks, familiarity and realism provide emotional safety that enables com-

posure. In motivational tasks, stylization and aesthetic affinity provide energizing presence

without triggering evaluation apprehension. Effective regulation therefore depends on aligning

appearance with task-specific emotional demands.
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5.4 Cross-Study Synthesis: Appearance as a Regulator of So-
cial Presence

5.4.1 Familiarity and Emotional Safety

Across both studies, familiarity emerged as a powerful but context-sensitive regulator. Famil-

iar appearance cues activate trust, acceptance, and prior positive interaction schemas, often

reducing perceived threat and enhancing comfort. However, familiarity can also amplify eval-

uation when it evokes real-world expectations or interpersonal standards. Thus, familiarity

operates not as a uniformly positive factor, but as a high-impact amplifier whose effect depends

on whether the interaction is framed as supportive or evaluative.

• Study 1 (video interviews): Seeing the interviewer as a familiar friend reduced state

anxiety, improved self-evaluation, and encouraged more verbal output.

• Study 2 (exercise with AR companions): Friend-like characters reduced perceived pres-

sure and supported sustained physical performance.

These findings align with social-cognitive accounts suggesting that familiar identities acti-

vate schemas of trust, acceptance, and prior positive experiences. In mediated contexts—where

nonverbal cues may be limited or distorted—familiar appearance can function as perceptual

reassurance, transforming an evaluative or demanding situation into one that feels more sup-

portive.

At the same time, familiarity is not uniformly benign. For some participants, friend-like

characters also intensified feelings of being evaluated, because they implicitly carried real-world

expectations. This dual role suggests that familiarity:

• Buffers social-evaluative threat when interpreted as supportive presence

• Amplify evaluation pressure when interpreted as representing real interpersonal stan-

dards.

Thus, familiarity is best understood as a powerful but context-sensitive regulator of both

emotional safety and perceived evaluation.
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5.4.2 Stylization as Calibrated Distance

Stylization functioned as a mechanism for regulating psychological distance, but its effective-

ness depended on task seriousness, user preference, and interpretability. In formal evaluative

contexts, stylization risked ambiguity and reduced emotional clarity. In contrast, in physical

and motivational contexts, stylization—when aligned with user liking—reduced pressure and

increased enjoyment. These findings position stylization not as an aesthetic choice, but as a

context-dependent moderator of social meaning.

Divergence from Prior Work and the Role of Interaction Authenticity:

A critical finding is that anime-style face filters did not reduce anxiety in Study 1’s high-pressure

video interviews and significantly reduced gaze engagement—participants looked less at styl-

ized interviewers. This contradicts prior research suggesting stylization’s potential for anxiety

buffering [88, 163].

This divergence reveals an important methodological insight: prior studies examined styl-

ization in practice scenarios, casual conversations, or pre-recorded interactions where evaluation

stakes were low or absent. In contrast, Study 1 employed real-time, consequential video inter-

views where participants faced genuine evaluation. Under these authentic high-stakes condi-

tions, stylization introduced interpretive ambiguity and disrupted social meaning-making rather

than providing psychological distance.

The gaze behavior finding is particularly revealing. Reduced visual engagement with anime-

styled interviewers suggests that stylization not only failed to comfort but actively disrupted

normal interaction patterns in formal contexts—a behavioral marker absent in prior low-stakes

studies.

Context-Contingent Effectiveness:

However, Study 2 demonstrated that stylization succeeded in motivational contexts. Liked

anime companions enhanced enjoyment, reduced pressure, and increased engagement during

exercise. The key difference: exercise contexts are playful and less interpretively demanding,

allowing stylization to function as intended—creating presence without judgment.

Implication: Stylization’s effectiveness is task-contingent and stakes-dependent. It suc-
ceeds when:
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• Tasks are motivational rather than evaluative

• Interpretive clarity is less critical

• Aesthetic affinity can compensate for perceptual distance

It fails when:

• Evaluation stakes are high and genuine

• Social interpretation and feedback reading are essential

• Ambiguity introduces uncertainty rather than comfort

This highlights the importance of testing appearance manipulations under ecologically valid,

high-pressure conditions rather than extrapolating from simulated or practice contexts.

5.4.3 Effects of User Goals, and Individual Characteristics

User Goals Within the Same Context:

Even within motivational exercise contexts, different user goals shaped appearance preferences.

• Participants prioritizing emotional regulation and enjoyment preferred cute, playful, or

aesthetically appealing companions that reduced pressure and made exercise feel pleasant

• Participants prioritizing performance outcomes were more drawn to companions with

athletic physiques that provided aspirational modeling

This indicates that appearance preferences depend not only on task type (evaluative vs.

motivational) but also on what users aim to achieve within that task.

Trait Anxiety as Moderator:

High trait anxiety participants benefited more from supportive appearance designs, experiencing

stronger motivational and emotional regulation effects compared to low-anxiety participants.
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5.4.4 Emotion–Performance Coupling

A central insight across both studies is the tight coupling between affect and performance.

Reduced anxiety, increased comfort, and feelings of support consistently aligned with better

cognitive fluency and sustained physical effort. Emotional regulation is therefore not peripheral

to task performance in mediated environments; it is a precondition for effective engagement.

• In Study 1, higher state anxiety correlated with poorer perceived performance and tended

to be associated with reduced verbal output. Participants who felt more at ease (especially

in the friend condition) spoke more and judged their performance more positively. Famil-

iar mediated presence therefore not only improved subjective comfort but also supported

more fluent and confident task behavior.

• In Study 2, conditions that reduced pressure and increased enjoyment (e.g., emotionally

resonant AR companions) were also associated with higher calorie expenditure and better

performance. Participants described feeling “encouraged but not judged,” which allowed

them to sustain effort without the mental cost of intense evaluation pressure.

5.5 Theoretical Contribution

Extending Avatar Research Beyond Self-Representation

This dissertation addresses a critical gap in avatar and embodiment research by demonstrating

that others’ appearance—not only self-representation—systematically shapes users’ emotional

states and behavioral performance in mediated environments. While prior work has predom-

inantly examined how one’s own avatar influences behavior (e.g., the Proteus effect), this re-

search reveals that interaction partners’ visual representations constitute an equally powerful,

yet understudied, mechanism of social influence.

Mechanism: Appearance as a Tunable Mechanism for Regulating Social Presence

Moving beyond treating appearance as merely an aesthetic attribute, this work establishes ap-

pearance as a regulatory mechanism that systematically modulates perceived social presence.

The empirical findings demonstrate that familiarity and stylization can either amplify or atten-

uate social presence depending on context, task demands, and individual differences. This re-

frames social presence not as a uniformly beneficial property to be maximized, but as a context-
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dependent, tunable design variable that must be calibrated to support different emotional and

performance goals.

Methodological Contribution: Ecological Validity as a Boundary Condition

This dissertation reveals that appearance effects are shaped by interaction authenticity. Ap-

pearance manipulations that succeed in simulated or low-stakes contexts may fail—or even

backfire—when evaluation stakes are genuine and social interpretability is critical. Study 1’s

finding that stylization disrupted gaze behavior and failed to reduce anxiety in video interviews

with real evaluation stakes, despite prior evidence of its buffering potential in practice scenarios,

demonstrates that ecological validity functions as a boundary condition for appearance-based

regulation.

This challenges assumptions that effects observed in laboratory simulations or casual in-

teractions generalize straightforwardly to high-pressure real-world contexts. The divergence

suggests that when users face authentic evaluation, their need for interpretive clarity may over-

ride the potential comfort of visual abstraction. This insight highlights the importance of

testing appearance interventions under conditions that authentically replicate deployment con-

texts—including genuine evaluation stakes and real-time interaction—to more accurately assess

intervention effectiveness and identify when design strategies are more or less likely to succeed.

Establishing an Appearance-Based Affective Co-Regulation Framework

Finally, this work introduces an appearance-based affective co-regulation framework showing

that digital representations function as emotional partners that scaffold users’ affective states

and performance. By integrating emotion regulation theory, social facilitation, and social pres-

ence research, the dissertation demonstrates that:

• Affective regulation is not peripheral but foundational to performance in mediated inter-

action

• Appearance cues (familiarity, stylization, aesthetic affinity) operate through appraisal

pathways that shape perceived social distance, evaluation threat, and motivational sup-

port

• Individual differences (particularly trait anxiety) moderate these effects, with high-anxiety

users benefiting disproportionately from supportive, familiar, or stylized companions
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This framework provides a theoretical foundation for designing psychologically adaptive

virtual and augmented environments that support not only task performance but also emotional

well-being. The regulatory pathway is shown in Fig 5.1.

Figure 5.1: Regulatory Pathway in Appearance-Based Affective Co-Regulation Frame-
work

5.6 Practical Implications

The empirical findings reveal how appearance cues—familiarity, stylization, and aesthetic affin-

ity—regulate users’ emotional responses and task performance across mediated interaction con-

texts. These insights translate into actionable design guidance for developing emotionally in-

telligent AR and virtual systems. Below, we outline context-specific recommendations and

general principles, emphasizing the importance of emotional congruence, adaptive presence,

and task-aligned appearance design.

AR Communication Systems: Supporting Emotional Safety in Evaluative Contexts

1. Problem Identified: Users experience heightened anxiety and evaluation apprehension in

video-mediated communication, particularly during high-stakes interactions (interviews,

presentations, performance reviews).

2. Mechanism-Based Solution: Familiar appearance cues increase emotional safety by acti-

vating schemas of trust and acceptance.

3. Design Recommendations:

• Prioritize human-like, familiar appearances in real-time communication tools where

users value immediate feedback and emotional reassurance
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• Design for emotional fit over photorealism: prioritize appearance cues that signal

warmth, acceptance, and nonjudgmental presence

AR Fitness and Motivational Companions: Enhancing Engagement Without Pressure

1. Problem Identified: Users struggle with low motivation in self-regulated exercise; real

audiences increase performance but often at the cost of excessive pressure.

2. Mechanism-Based Solution: Stylized, aesthetically liked companions provide motiva-

tional presence while reducing evaluation apprehension through calibrated psychological

distance.

3. Design Recommendations:

• Create emotionally safe motivational presence through expressive, stylized, or aes-

thetically appealing characters (e.g., liked anime companions) that reduce feelings

of judgment while maintaining engagement

• Support identity alignment and long-term engagement by offering customization

options that allow users to select companions matching their aesthetic preferences,

relational expectations, and motivational needs

• For high-anxiety users, emphasize nonjudgmental, playful companions that trans-

form exercise from a performance task into an enjoyable interaction

General Principles for Designing Mediated Social Presence

Effective mediated social presence requires aligning appearance design with task demands,

emotional goals, and individual user characteristics.

Core Design Principles:

• Emotional congruence over realism: Prioritize how a character feels (warm, supportive,

nonjudgmental) over how realistic it appears; emotional fit matters more than visual fi-

delity

• Familiarity and aesthetic affinity drive comfort: Users feel safer and more engaged with

representations they already like, relate to, or find aesthetically appealing—leverage per-

sonal preferences, not just demographic matching
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• Adaptive presence calibration: Design presence that adjusts to users’ emotional needs

(supportive and visible when sought, unobtrusive and low-pressure when autonomy is

preferred), avoiding the feeling of constant surveillance

• Task-contingent appearance design: Match appearance to task context:

– Evaluative tasks (interviews, presentations): Favor familiar, realistic, warm appear-

ances that reduce anxiety

– Motivational tasks (exercise, learning): Favor stylized, aesthetically liked appear-

ances that enhance engagement without judgment

• Design for perceived identity and relational role: Users respond not only to a compan-

ion’s features or functions but to its implied personality, intentions, and relational role

("who it is")—craft appearance that signals the desired social relationship (friend, coach,

companion)

Ethical Considerations

Core principle: Co-regulative systems must respect transparency and consent.

• Prioritize privacy, dignity, and trust as foundational ethical principles

This framework advocates for human-centered character design where empathy, emotional

support, and psychological well-being form the foundation of technological intervention, en-

suring that virtual and augmented environments are not only engaging but also emotionally

sustainable.

5.7 Revisiting the Research Objectives

To explicitly answer the Research Objectives stated in Chapter 2, this section summarizes how

each objective was addressed by the two studies.

This dissertation set out to validate an appearance-based social presence regulation mech-

anism for addressing real-world challenges in mediated interaction. The research objectives

outlined in Chapter 2 are addressed through two complementary empirical studies examining

distinct yet theoretically connected contexts.
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First, the dissertation aimed to examine how variations in others’ appearance shape per-

ceived social presence and evaluation in mediated interactions (Objective 1). Study 1 demon-

strated that familiar appearances significantly increased perceived emotional support and re-

duced evaluation threat in video-mediated interviews, whereas stylized (anime) appearances

disrupted social interpretation and introduced perceptual ambiguity. Study 2 further revealed

that AR companions’ visual identity (particularly aesthetic affinity toward liked characters) in-

fluenced how participants appraised their presence as supportive versus pressuring, demonstrat-

ing that personal liking can narrow affective distance even when perceptual distance remains

high.

Second, the research sought to understand how appearance cues regulate users’ emotional

states across contexts (Objective 2). Study 1 showed that familiar faces effectively down-

regulated anxiety in high-stakes evaluative tasks, while stylization alone did not reliably al-

leviate evaluative stress and sometimes introduced uncertainty. In contrast, Study 2 revealed

that liked stylized companions—particularly aesthetically appealing characters—up-regulated

motivation and enjoyment while reducing perceived pressure during physical exercise. This

demonstrates context-contingent regulatory pathways: familiarity provides affective safety un-

der evaluation, whereas stylization paired with aesthetic affinity enhances engagement in moti-

vational tasks.

Third, the dissertation investigated how these perceptual and emotional effects translate

into behavioral and performance outcomes (Objective 3). In Study 1, reduced anxiety and

increased emotional comfort were associated with greater verbal fluency and more positive

self-evaluation. Participants who felt emotionally safe spoke more and judged their perfor-

mance more favorably. In Study 2, conditions that reduced pressure while increasing enjoyment

(e.g., liked AR companions) supported sustained physical effort and higher calorie expenditure.

Across both studies, emotional regulation emerged not as peripheral but as foundational to ef-

fective task performance, with affective comfort enabling cognitive resources to be allocated

toward task execution rather than self-monitoring.

Finally, by integrating findings across evaluative cognitive and motivational physical tasks,

the dissertation aimed to develop a generalizable framework of appearance-mediated social

presence and derive design implications for adaptive systems (Objective 4). The cross-study

synthesis reveals that appearance operates as a tunable mechanism for calibrating social pres-

ence to match task demands and individual needs. Three key principles emerged: (1) appear-

ance effectiveness is task-contingent—stylization failed in evaluative contexts but succeeded in

motivational contexts; (2) individual differences, particularly trait anxiety, systematically mod-

erate effects—high-anxiety users benefit disproportionately from supportive representations; (3)

the appearance → social presence appraisal → emotional regulation → performance pathway
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operates consistently but requires context-appropriate calibration. These findings provide ac-

tionable design guidance: prioritize familiar, warm appearances in evaluative communication to

reduce anxiety; use stylized, aesthetically liked companions in motivational contexts to enhance

engagement without pressure.

Together, these studies demonstrate that manipulating others’ appearance provides a system-

atic means of regulating social presence, emotion, and performance in mediated environments.

Appearance cues shape how safe, supported, or scrutinized users feel, and these appraisals di-

rectly influence cognitive fluency, motivation, and sustained engagement. By revealing how

familiarity, stylization, and aesthetic affinity interact with task demands and individual differ-

ences, this dissertation establishes appearance as a foundational design lever for creating empa-

thetic, adaptive, and psychologically supportive virtual and augmented interaction systems.

5.8 Summary

In summary, this chapter consolidates findings from two studies into a unified framework show-

ing that the appearance of others functions as a systematic mechanism for regulating perceived

social presence, which in turn shapes emotional and performance-related outcomes in mediated

interaction. Rather than treating social presence as a fixed property of a medium, the results

demonstrate that it can be deliberately calibrated through appearance design to meet the psy-

chological demands of different tasks.

Across cognitive-evaluative and embodied-motivational contexts, the studies reveal that ap-

pearance influences interaction not directly, but through its impact on how users interpret so-

cial distance, evaluation, and support. Familiarity, stylization, and aesthetic affinity operate as

appearance cues that modulate the intensity and meaning of social presence, enabling either

affective down-regulation or motivational up-regulation depending on context. This supports

a relational view of appearance in which others’ visual representations shape users’ appraisal

processes rather than merely serving as decorative or identity-related elements.

Theoretically, these findings extend existing work on digital embodiment by shifting the

focus from self-avatar effects to appearance-mediated interpersonal regulation, addressing a

critical gap in prior research. By empirically linking appearance design to social presence

calibration and downstream emotional and behavioral outcomes, this dissertation contributes

a generalizable framework for understanding how mediated representations can support psy-

chological well-being and task engagement. This framework provides a foundation for future

research and design of virtual and augmented social systems that are not only immersive but

also emotionally adaptive and socially intelligent.
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Beyond its immediate empirical contributions, this framework carries broader implications

for the design and sustainability of future virtual and augmented communities. As social in-

teraction increasingly takes place in persistent digital spaces, individuals will be exposed to

a growing volume of mediated social presence. By conceptualizing others’ appearance as a

mechanism for regulating social presence rather than merely increasing it, this work highlights

a pathway toward more harmonious and psychologically supportive virtual communities. The

findings suggest that virtual environments need not rely on maximal realism or constant social

intensity to foster connection. Instead, adaptive appearance design—tuning familiarity, styliza-

tion, and emotional resonance—can help balance social connection with psychological safety.

The framework supports a vision of future virtual communities in which interaction is not only

engaging and effective, but also emotionally sustainable—promoting inclusion, well-being, and

long-term social harmony.
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Chapter 6

Conclusion

6.1 Overview

This dissertation investigates how social presence can be deliberately regulated through the ap-

pearance of others in mediated and augmented interaction. Motivated by the growing prevalence

of virtual communication and AR-based companionship, the research addresses a critical gap

in existing literature: while prior work has largely focused on self-avatar representation or be-

havioral cues, far less is known about how the visual appearance of interaction partners shapes

users’ emotional experience and performance. Through two complementary studies—one ex-

amining anxiety regulation in evaluative communication, and the other examining motivation

and performance in self-regulated physical activity—this work adopts a controlled, appearance-

centered approach to reveal how familiarity, stylization, and affective affinity operate as social

presence cues. Together, the studies establish appearance as a central design lever for shaping

psychologically supportive mediated interactions. The research framework is shown in Fig. 6.1,

with its explanation presented in Fig. 6.2.
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Figure 6.1: Overview of the Research Framework
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Figure 6.2: Explanation of the Research Framework

6.2 Purpose and Scope of This Research

The overarching purpose of this dissertation is to understand how the appearance of others in

mediated and augmented interaction can be deliberately designed to regulate social presence,

and how such regulation shapes users’ emotional states, motivation, and performance.

This research is motivated by a broader challenge facing contemporary virtual and aug-

mented systems: as social interaction increasingly occurs through digital mediation, users are

often exposed to heightened social evaluation, emotional strain, or motivational fatigue. While

prior work has focused extensively on system functionality or on users’ self-representation, far

less attention has been given to how others’ appearance—interviewers, audiences, or virtual

companions—can be systematically leveraged to support users psychologically.

To address this gap, this dissertation investigates appearance not as a decorative feature, but

as a designable social variable that influences how social presence is perceived, interpreted, and

experienced.
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6.3 Research Structure and Methodological Strategy

The dissertation adopts a two-study structure, intentionally spanning distinct interaction con-

texts to test the generality of appearance-based social regulation.

• Study 1 examines a cognitively demanding and socially evaluative scenario—video-mediated

interviews. By manipulating interviewer appearance (familiar, stranger, stylized anime)

while holding behavior constant, the study isolates appearance as the sole variable influ-

encing emotional response. This design allows a controlled investigation of whether and

how appearance alone can modulate anxiety and perceived performance.

• Study 2 extends this inquiry into an embodied, self-regulated activity—physical exercise

with AR companions and audiences. Through a series of experiments, it systematically

varies the form of social presence (real, video, AR, none) and the appearance of AR

companions (friend-like, liked-anime, neutral), examining their effects on motivation,

pressure, and performance.

This cross-contextual structure is deliberate. By pairing a high-stakes evaluative task with a

motivation-driven physical task, the dissertation demonstrates that appearance-based regulation

operates across domains, while remaining sensitive to task demands and individual differences.

6.4 Rationale for the Design Approach

A defining methodological choice in this work is the focus on appearance manipulation without

changing agent behavior, authority, or functional role. This approach was adopted for three

reasons.

First, it allows the research to isolate perceptual and affective mechanisms, showing that

emotional and behavioral outcomes can be altered even when interaction dynamics remain un-

changed.

Second, appearance is uniquely suited to subtle and user-respectful intervention. Unlike

explicit feedback, instruction, or persuasion, visual social cues can reshape experience without

imposing cognitive load or overt control.

Third, appearance-based design is highly compatible with emerging AR systems, which can

modify how others are perceived while preserving grounding in the real world. This makes the

findings directly relevant to future mediated communication and companionship technologies.
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6.5 Research Motivation and Originality

The overarching aim of my research is to promote more harmonious and effective communi-

cation and interaction in future virtual environments. As a foundational step toward this aim,

the present work addresses common challenges in contemporary technology-mediated inter-

actions, including heightened stress in video-based communication and reduced motivation in

self-regulated exercise contexts. To tackle these issues, this research advances a shared core

proposition: that social presence, when mediated through visual appearance and affective chan-

nels such as familiarity and affinity, can meaningfully shape users’ emotional experiences and

behavioral outcomes during interactions with avatars or virtual agents.

Study 1 focuses on stressful interaction contexts and examines whether modifying an avatar’s

appearance can reduce users’ nervousness and create a more emotionally comfortable interac-

tion atmosphere. The originality of this study lies in demonstrating that interpersonal impres-

sions and emotional responses can be altered solely through appearance-mediated social pres-

ence, without changing the behavior, role, or intrinsic characteristics of the interaction partner.

By isolating appearance as the key variable, Study 1 provides evidence that emotional responses

in mediated interactions can be regulated at a perceptual level, highlighting the importance of

visual social cues in shaping users’ psychological comfort.

Study 2 extends this proposal to a self-regulated exercise context, where maintaining moti-

vation and performance is inherently challenging. The purpose of Study 2 is to examine whether

interaction with a virtual agent can enhance exercise motivation and performance by providing

a sense of social presence that is emotionally supportive rather than pressure. In this study,

the avatar is designed to function as a virtual presence that encourages continued participation

while respecting the user’s autonomy and self-regulation. The originality of Study 2 lies in its

exploration of avatar-mediated support as a means of facilitating motivation and performance

through affective channels, rather than through explicit instruction, authority, or external pres-

sure. By emphasizing familiarity and affinity in the avatar’s appearance and presence, the study

demonstrates how social presence can positively influence exercise engagement and outcomes.

Together, these studies illustrate how a shared design framework—centered on social pres-

ence, appearance, and emotional channels—can be applied across different contexts to sup-

port users’ emotional well-being, motivation, and performance. They highlight the potential of

avatar-mediated interaction to function not merely as a substitute for human interaction, but as

a distinct and, in some cases, advantageous form of support.
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6.6 Limitations and Future Work

This dissertation provides preliminary evidence that others’ appearance can be used to regulate

social presence and influence emotional and behavioral outcomes. Several limitations define

the current scope of its contributions and point toward important directions for future research.

6.6.1 Scope of Participants and Cultural Specificity

First, the participant samples were relatively homogeneous, consisting primarily of young adults

with prior exposure to digital media and, in some cases, familiarity with anime aesthetics or AR

interfaces. As a result, the observed effects of familiarity and stylization may be shaped by

cultural norms, media literacy, or generational preferences.

Future research should examine whether appearance-based social presence regulation op-

erates similarly across broader demographic groups, including older adults, individuals with

limited exposure to virtual characters, and participants from different cultural backgrounds.

Such work would help determine whether familiarity and affinity function as universal affective

channels or culturally situated ones.

6.6.2 Temporal Scope and Longitudinal Effects

Second, both studies focused on short-term interactions and immediate affective and perfor-

mance outcomes. While this approach was appropriate for isolating causal effects, it does not

capture longer-term dynamics such as habituation, emotional adaptation, or shifts in user–agent

relationships over time.

Future work should adopt longitudinal designs to investigate how repeated exposure to fa-

miliar or stylized avatars influences emotional regulation, motivation, and trust. In particular, it

remains unclear whether the benefits of supportive appearance persist, diminish, or transform

as users develop expectations or relational histories with mediated agents.

6.6.3 Limited Expressive and Relational Complexity

Third, the avatars and AR companions used in this research were intentionally constrained

in their expressive range and behavioral variability. This design choice enabled isolation of

appearance effects but limited exploration of richer social dynamics, such as reciprocal emotion

expression, adaptive relational roles, or conversational depth.
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Future systems could integrate more expressive behaviors, dynamic facial cues, or adaptive

relational framing to examine how appearance interacts with behavior over time. This would

allow researchers to explore not only appearance-mediated regulation, but also co-evolution of

appearance and interaction as a form of sustained social presence.

6.6.4 Contextual Boundaries of the Framework

Finally, the appearance-based regulation framework proposed in this dissertation should be un-

derstood as context-sensitive rather than universally optimal. The effectiveness of familiarity

or stylization depends on task demands, emotional goals, and individual traits. Appearance that

is supportive in one context (e.g., exercise) may be distracting or inappropriate in another (e.g.,

formal evaluation).

Future research should therefore explore additional contexts—such as collaborative work,

education, healthcare, and group-based interaction—to refine when and how appearance-based

social presence regulation is beneficial. Comparative studies across task types would help for-

malize design principles that specify not only what works, but under what conditions it works.

6.6.5 Toward Adaptive and Ethical Appearance Design

Looking forward, a promising direction lies in developing adaptive appearance systems that

respond to users’ emotional and cognitive states in real time. Advances in physiological sensing,

affect recognition, and AR rendering could enable avatars to dynamically adjust visual style,

expressiveness, or familiarity cues to better support users.

At the same time, such systems raise ethical questions regarding transparency, autonomy,

and emotional influence. Future work must therefore integrate ethical design principles, en-

suring that appearance-based regulation remains interpretable and respectful of psychological

boundaries.

Summary Together, these limitations delineate the current boundaries of the dissertation’s

contributions while outlining a clear agenda for future research. By extending the framework

across populations, time scales, interaction richness, and application domains, future work can

build on this foundation to develop more adaptive, ethical, and psychologically informed medi-

ated social systems.
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6.6.6 Extending to Face-to-Face Interaction

When AR devices become more portable and technically mature—such that AR lenses can ef-

fectively replace computer screens as carriers of virtual avatars—it may become possible to

manipulate the perceived appearance of others during face-to-face communication through AR

glasses. In such scenarios, users would engage in in-person interaction while visually perceiv-

ing an altered appearance of their communication partner. Compared to screen-based interac-

tion, physical or hybrid environments provide richer contextual information, including bodily

movement and spatial cues. In this context, attentional focus becomes particularly important.

Users may continue to direct their attention toward the face to seek reassurance from a familiar

and comforting appearance. Alternatively, mismatches between facial appearance and bodily

movement could increase the risk of an uncanny valley effect. However, when users actively

choose to apply such face filters, they are explicitly aware that the perceived appearance does

not represent the real person. This awareness may help mitigate choking under pressure and

allow users to anticipate and tolerate potential mismatches between appearance and behavior.

For these reasons, I believe that the core findings of Study 1 are likely to extend to real-world

or hybrid interaction contexts. However, additional factors—such as the congruence between

visual appearance and voice—would need to be carefully considered in physical interactions,

and these issues represent important directions for future research.

6.7 Contribution to Knowledge Science

This dissertation contributes to knowledge science by advancing theoretical understanding of

how social information is perceived, processed, and acted upon in mediated environments.

Conceptual Contribution: Appearance as a Knowledge-Bearing Social Signal

The research establishes appearance as a knowledge-bearing signal that conveys information

about safety, evaluation, and relational intent. It demonstrates that users draw inferences about

social meaning not only from behavior or language, but from visual representation alone. This

extends knowledge-science perspectives on social cognition by highlighting appearance as an

input channel through which social meaning is constructed.
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Theoretical Contribution: Regulating Social Presence as a Mechanism

The dissertation contributes a structured account of how appearance regulates perceived social

presence, which in turn shapes emotional and behavioral outcomes. By empirically linking

appearance → social presence → emotion → performance across contexts, the work clarifies a

mechanism that has previously been treated implicitly or descriptively in the literature.

Individual-Difference Contribution: Anxiety-Sensitive Knowledge Design

The findings show that social information is not processed uniformly: trait anxiety systemat-

ically alters how appearance cues are interpreted. This contributes to knowledge science by

reinforcing the importance of user-sensitive models of social perception, in which the same

stimulus produces different cognitive and emotional outcomes across individuals.

6.8 Significance and Broader Implications

The significance of this research lies in its demonstration that mediated social environments can

be designed to support psychological functioning, not merely communication efficiency. By

revealing how appearance-based cues shape emotional safety, evaluation, and motivation, the

dissertation provides foundational knowledge for designing future systems that are empathetic,

adaptive, and inclusive.

Beyond specific applications, the work contributes to a broader understanding of how hu-

mans construct social meaning in hybrid physical–digital environments. As AR, AI agents,

and virtual communities become more pervasive, the ability to regulate social presence through

appearance will be central to sustaining healthy interaction at scale.

6.9 Summary

This dissertation shows that the appearance of others is a powerful yet underexplored dimen-

sion of mediated interaction. By systematically investigating how appearance regulates social

presence across evaluative and motivational contexts, the work advances both theoretical un-

derstanding and practical knowledge for designing psychologically supportive digital environ-

ments. It argues that future virtual and augmented systems should treat appearance not as an

afterthought, but as a core component of social experience—one that shapes how people feel,

perform, and relate to one another.
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This dissertation demonstrates that the appearance of others in mediated environments is

not a peripheral aesthetic choice but a core mechanism through which social presence, emo-

tion, and performance are intertwined. By systematically showing that visual representations

alone—without changes in behavior or authority—can alter users’ sense of safety, pressure, and

engagement, the work advances understanding of how social meaning is constructed in hybrid

physical–digital contexts. The findings highlight the importance of designing mediated pres-

ence that is emotionally congruent, adaptable, and sensitive to individual differences such as

trait anxiety. As virtual and augmented systems continue to integrate into everyday life, the

insights from this research provide a foundational framework for creating interaction environ-

ments that support not only task performance, but also psychological well-being and sustainable

engagement.

Looking to the Future As virtual and augmented environments become embedded in daily

life, the question of how people relate to the appearance of others in mediated spaces will

grow in both urgency and complexity. The next decade will likely see transformations that

make today’s mediated interactions feel rudimentary by comparison. AR glasses may replace

smartphones; AI agents may become everyday social partners; and virtual presence may blur

with physical intimacy. In such a landscape, designing the appearance layer of digital interaction

will not be a peripheral aesthetic choice—it will be a core infrastructure of social experience.

One promising direction is the development of adaptive social interfaces that respond to

users’ emotional states in real time. Emerging physiological sensing technologies—such as

wearable biosignals, eye-tracking, and ambient environmental sensors—will make it possible

for AR companions or communication systems to modify appearance in ways that regulate emo-

tion, redirect attention, or reduce stress. Instead of static avatars, future systems may generate

context-sensitive representations that shift between supportive, neutral, or motivational forms

depending on whether a user is anxious, fatigued, or seeking focus.

Another frontier lies in the domain of personalized social ecosystems. As individuals cu-

rate aesthetic identities and emotional preferences online, the appearance of others—friends,

mentors, AI agents—may be customizable to a degree not possible today. Users might choose

stylized presences for low-pressure engagement, realistic presences for intimacy or trust, and fa-

miliar presences for emotional grounding. Designing systems that support such diversity while

ensuring ethical and psychological safety will be a major challenge for the coming years.

Future mediated environments will also need to navigate the tension between social close-

ness and social evaluation. As this dissertation shows, familiarity can both alleviate and inten-

sify pressure; stylization can comfort or confuse. Understanding these dualities will be essential

for building AR spaces that support individuals with diverse emotional needs, personality traits,
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and cultural backgrounds. Particularly for users with high trait anxiety, future systems must

prioritize nonjudgmental presence and control over social intensity, allowing users to tune the

emotional weight of interactions.

From a societal standpoint, the increasing presence of AI companions and augmented hu-

man figures raises profound questions. How should emotionally supportive agents look? Who

gets to design the default “faces” of future social technologies? How do we ensure that medi-

ated appearances do not reinforce biases or narrow social norms? As mediated social presence

becomes ubiquitous, issues of representation, diversity, and psychological inclusivity will need

to be addressed with care.

Technologically, as AR hardware becomes lighter, more immersive, and more integrated

into everyday life, the role of mediated appearance will extend beyond communication or ex-

ercise into education, healthcare, workplace collaboration, and personal well-being. Future re-

search must investigate how appearance-based cues influence group dynamics, long-term men-

tal health, and emergent community norms in hybrid virtual–physical worlds.

Looking forward, the insights from this dissertation provide an early foundation for shaping

these futures. By demonstrating how the appearance of others affects emotion, attention, and

performance, the work highlights the need for human-centered, emotion-aware design in the

next generation of mediated systems. Ultimately, the future of AR and virtual communication

will depend not only on technological advances, but on our ability to build systems that respect

human vulnerability, support psychological safety, and create spaces where people—regardless

of their emotional profile—can feel confident, motivated, and authentically connected.
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