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Abstract

As digital humans increasingly find application in service-oriented environments, understanding
how users engage with this new technology becomes critical to improve their usability and adoption.
This master’s thesis investigates how conversational initiation, whether initiated by the user or the
Al agent influences user engagement and experience. Drawing on literature and field studies at
Aarhus Jobcenter and Krifa, the study identifies barriers to interaction with digital receptionists and

highlights the need for clearer social cues and interaction affordances.

To explore these dynamics, a digital human named Rosie was deployed in semi-public spaces at
Aalborg University across two experimental conditions: one in which Rosie proactively initiated
conversations, and one where she remained passive. In total there were 175 trials in which 29
participants interacted with the Al. The interaction was investigated through probability of suc-
cess, real-time observations, exit interviews, and questionnaires asking about two constructs: the
Technology Acceptance Model (TAM) and Temple Presence Inventory (TPI). The study found no

statistically significant difference in either probability of success, TAM or TPI.

However, users in the Rosie-initiated condition were significantly less likely to request facilitator
help, suggesting that proactive initiation reduces ambiguity by providing a strong signifier to
voice interaction. Thematic analysis further revealed that user initiation shaped users’ subjective

impressions, eliciting more reflective and cognitively engaged responses.

These findings suggest that conversational initiation plays a pivotal role in shaping interpretive
aspects of human-Al interaction. Designing digital humans to proactively initiate dialogue can
reduce confusion on how to interact with the system which may enhance user engagement, reduce
social friction, and potentially improve perceived intelligence, particularly in socially situated
contexts. The study underscores the importance of interaction framing and highlights the value of

continued research into the contextual and social dynamics of Al-mediated encounters.



Chapter 1 - Preface

This master’s thesis was developed in collaboration with NTT Data Business Solutions regarding
their product digital humans.

The project group would like to thank Rasmus Gade @rtoft from NTT Data for help, discussions
and feedback during the project.

Our deepest gratitude goes to our supervisor, Rodrigo Ordofiez, for his dedicated guidance and

continuous encouragement during the entire process.

This master’s thesis explores the concept of digital humans. While the term can encompass a wide
range of technologies, in this context it specifically refers to voice interfaces that feature a human-
like face and are capable of engaging in spoken interaction. These systems are also commonly
referred to as embodied conversational agents (ECAS), virtual humans, avatar-based interfaces, or

multimodal dialogue agents.

Such agents combine speech synthesis, facial animation, and sometimes gesture or gaze behavior
to create the impression of a human-like presence. They are increasingly used in fields such as
customer service, healthcare, education, and entertainment, offering more natural and engaging

ways for users to interact with technology.

The digital human used for testing in this study is named Rosie. For the sake of readability and
narrative clarity, Rosie is occasionally referred to using the pronouns she/her. This choice is made
purely for stylistic and linguistic convenience and does not imply any assumptions about the

autonomy, identity, or personhood of digital humans or artificial intelligence.

The report uses APA style for references.

Both appendixes and attachments are referred to by name.
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Chapter 2 - Introduction

Digital humans are an emerging technology that has been steadily advancing over time. Recent
developments in arti cial intelligence have signi cantly accelerated this progress, greatly expanding
both the applicability and potential roles of digital humans. Unlike traditional virtual assistants,
digital humans are distinguished by the presence of a human-like avatar, enabling more natural
and expressive modes of interaction. This visual embodiment allows for the simulation of human
communication cues such as eye contact, facial expressions, and emotional responses—features that
can facilitate user interaction by allowing people to rely on familiar human-to-human communication

strategies, reducing the need for prior system learning.

However, the inclusion of a face and other human-like traits also introduces new challenges. One
prominent issue is the uncanny valley phenomenon, in which avatars that closely resemble real
humans may evoke feelings of discomfort or eeriness. Throughout the technological development
of digital humans, such challenges have posed barriers to acceptance and usability. Nevertheless,
continued improvements in visual delity, animation, and behavioral realism may have brought
the technology closer to a “sweet spot,” where the bene ts of lifelike interaction outweigh the
perceptual drawbacks. In such a state, digital humans may effectively support roles traditionally

performed by humans, such as receptionists or information kiosk attendants.

NTT Data, a company offering custom digital human solutions, currently operates two digital
human installations in Aarhus, Denmark. This project is conducted in collaboration with NTT Data

and focuses on improving the user experience of digital human receptionists.



Chapter 3 - Exploring the Problem Space

As public services experiment with Al-driven interfaces, the boundary between automation and
human care becomes increasingly important to navigate. In collaboration with NTT DATA, this
project explores what happens when a digital human replaces a traditional receptionist in a sensitive,
emotionally charged environment. The following section outlines the practical and conceptual
challenges involved in implementing Trothilde, a digital receptionist at Aarhus Jobcenter, and sets

the stage for the eldwork and design considerations that follow.

3.1 NTT DATAs Problem: Replacing the Receptionist without

Losing the Human Touch

In our initial meeting with NTT Data, we were introduced to the central challenge of this case: a

digital human has already been implemented at the entrance of the job center in Aarhus, intended
to replace the role of a receptionist (see gure 3.1). She assists citizens with routine tasks such as
check-in procedures and providing directions. However, despite her advanced capabilities, the way
the digital human is currently used highlights a disconnect between what the technology can do and

how people actually engage with it in practice.

Figure 3.1: The image presents an illustration of Trothilde as she appears in the job center environment

NTT Data's clear ambition is that it should not simply function as an interactive screen or self-service

kiosk, but rather serve as a warm, welcoming presence that mirrors the empathy and attentiveness of

7
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a real receptionist. Her presence is meant not only to guide citizens through the initial steps of their
visit but also to ensure they feel seen, heard, and respected at a moment that can be emotionally

taxing, especially for those facing unemployment or uncertainty about their future.

By taking over these routine and repetitive tasks, the digital human also plays a strategic role
in relieving pressure on staff. This allows human employees to dedicate more time to providing
in-depth support, especially in conversations that demand emotional sensitivity and professional
nuance. In this way, she complements the job center's workforce by freeing up valuable time and

enabling more meaningful, person-centered interactions between citizens and staff.

This ambition is not without complexity. The job center is often the rst point of contact for citizens
who are either newly unemployed or in a vulnerable life situation. As a recent cross-municipal
citizen survey shows, younger job seekers (ages 16—29) are particularly likely to report feeling
distrusted and emotionally unsupported during their job center visits. Many respondents express
a strong preference for empathetic job counselors who acknowledge their life circumstances and

communicate with warmth and clarity. (Alstrup, 2025)

NTT DATA has previously conducted observational eldwork at the job center in Aarhus, where
they examined how citizens interact with the digital human, Trothilde (Rebecca Hansen, 2025).
Based on these observations, they reported several critical ndings regarding user behavior and

perception.

Currently, the digital human is often mistaken for a touch-screen kiosk. Positioned centrally in the
room and speaking loudly, she paradoxically draws attention while also being perceived as dif cult
to engage with in a natural, conversational manner. Most users bypass her entirely, opting instead
for the familiar tablet or seeking a human staff member. See the different paths in the Job center in

gure 3.2.
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Figure 3.2:This illustrates the three pathways currently facilitated by the job center. The intended objective is to
consolidate these into a single route through Trothilde.

At the core of this project is a conceptual tension: is the digital human intended to replace the tablet
used for self-check-in, or is she meant to take on the role of a human receptionist? According to
NTT Data, the intention is the latter. However, suppose citizens do not perceive the digital human as
a social actor. In that case, the expected bene ts, such as improved accessibility, emotional support,

and increased staff ef ciency, are unlikely to be achieved.

This gives rise to a dual design challenge. Firstly, it is necessary to ensure that citizens understand
the digital human's purpose and feel motivated to interact with her. Secondly, the interface must be
designed in a way that convincingly re ects the social and emotional qualities typically associated

with a personal encounter at a reception desk.

3.2 Field study at job center Aarhus

Although NTT DATA had previously provided a detailed account of Trothilde's implementation at
the Aarhus job center, the project group found it necessary to conduct an on-site investigation in
order to observe user interactions in situ. To this end, an observational study was carried out on
February 14th 2025, to gain rsthand insights into how the digital human is perceived and used by

citizens.

The initial methodological plan was to conduct a rainbow usability sheet study in combination with

short exit interviews. This mixed-methods approach was designed to capture both usability issues
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and subjective user experiences, offering a comprehensive perspective on Trothilde's effectiveness.
However, upon arriving at the job center, it quickly became clear that many of the visitors were
either under time pressure or disinclined to participate in interviews, likely due to the sensitive

nature of their visit.

As a result, the research design was pragmatically adjusted to focus exclusively on non-intrusive,
passive observation, and the originally planned rainbow sheet method was abandoned due to the
limited opportunity for structured usability feedback. Adopting a “ y on the wall” approach allowed

the researchers to systematically document user behavior without interfering with the natural ow of
interaction. Additionally, the researchers themselves engaged with Trothilde as end users in order to
explore her functional capabilities and technical limitations. This revised approach proved valuable
for generating empirical insights into both user behavior and system performance in a real-world

setting.

Building on this adaptive approach, the following sections presents selected observations from the
eld study, organized into two categories: (1) citizen behavior observed at the job center and (2)
re ections based on the research team's interaction with the digital human. (see observations in

attachments "Jobcenter observations").

3.2.1 Observations of Citizen Behavior

The eld study revealed several patterns in how citizens engaged with the physical space and the
available check-in technologies. Notably, the digital human was not interacted with via speech

during the observations.

In one instance, a young man initiated contact with Trothilde, via the touch screen, which triggered
a chain reaction: others queued behind him and proceeded to check in using the same interface.
Conversely, when one person opted for the traditional touch screen instead, the following citizen

mirrored that behavior, suggesting a social imitation effect among users.

Users tended to prioritize approaching either the traditional check-in tablet or the human receptionist,
as illustrated in gure 3.2. The human receptionist continued to play an important social role,

greeting guests and offering help that extended beyond the job center's scope, for example, giving

10
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directions to a municipal of ce across the street. Such behaviors highlight the subtle social and

spatial awareness that Trothilde currently lacks.

3.2.2 Researchers' Re ections and Interaction

In direct use, Trothilde exhibited several limitations. When the researchers tried talking with
Trothilde, she often interrupted the conversation when it wasn't her turn, and when confronted with
guestions outside her scope, she responded with "I don't understand,” leading to the researchers
repeating themselves to no avail, especially when questions were vague or complex. She pointed
incorrectly when asked for directions and lacked feedback during system processes, appearing
inactive. QR codes were provided for basic information, though these were not always accessible or

useful.

Her loud voice compromised user privacy, and she failed to respond to simple greetings or cues like
standing directly in front of her. Many users struggled with scanning their cards, leading to session
resets. She also frequently interrupted the user mid-sentence, making elaboration dif cult and
disrupting the conversational ow. These limitations are visually summarized in gure 3.3, which
outlines key barriers to interaction, including issues related to speech, interaction ow, graphical

representation, and social behavior.

Figure 3.3:This visualization summarizes observational insights and researcher re ections regarding why citizens
rarely engage with the digital human at the job center. The challenges are grouped into four categories: speech,
interaction design, social behavior, and graphical representation. The map highlights issues such as unclear system
feedback, limited conversational ability, lack of social cues, and hesitation to initiate interaction without observing
others doing so.

11
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3.2.3 Summary

Overall, the observational study provided valuable, situated insights into both the affordances and
limitations of Trothilde in her current form. While not methodologically exhaustive, the study
ful lled its purpose as an exploratory tool for contextual understanding. It revealed clear patterns
in user behavior, highlighted gaps between technical design and user expectations, and identi ed
opportunities for more socially intuitive interaction design. The following gure has been developed

to illustrate the key observations derived from the eld study.

3.3 Interview at Krifa

Krifa was selected for an interview due to their distinct implementation of the digital human Sophia
as the only point of contact in their reception area. Unlike the job center, where multiple parallel
solutions coexist, Krifa fully restructured their lobby when Sophia was introduced, ensuring that all
visitors are funneled through the digital receptionist. As a result, Sophia is used more consistently

and visibly than Trothilde at the job center.

This difference in implementation context offers valuable insights into how organizational commit-
ment and spatial design in uence user interaction. To explore these dynamics further, we conducted a
semi-structured interview with a staff member at Krifa, who shared practical experiences, challenges,

and observations regarding the use of their digital receptionist, Sophia.

The interview revealed several recurring issues. A key challenge is visibility: many users overlook
Sophia or fail to recognize her as an interactive point of contact. User behavior also appears to be
shaped by habit—visitors often head straight for the touchscreen or follow what others do, which
leads to the voice interaction method not being used. In terms of functionality, slow response times,
limited system feedback, and occasional technical malfunctions contribute to user frustration and
disengagement. While certain user groups, such as business clients and younger visitors, tend to
respond positively to the technology, others remain hesitant and prefer traditional human interaction.
Despite the automation of routine tasks, staff are still frequently required to step in and assist,

especially when confusion arises.

12
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These insights are based on a single staff member's perspective and may not re ect the full range of
experiences across the organization. The complete interview is included in appendix A. Nonetheless,
the account highlights several areas for improvement, including clearer signage, improved reliability,

and more seamless integration of the digital human into the social fabric of the reception space.

3.4 Literature review

The information given by NTT and the observations from Aarhus job center and Krifa presents
some fundamental problems with digital humans. This includes the physical surroundings, the
digital human's sensitivity to sounds, conversation etiquette and interaction options.

Going forward it is relevant to study whether these problems are speci c to NTT's digital humans

or across platforms and if so, what research has been done to investigate these problems. Therefore,
a systematic literature review has been conducted (all materials for the review can be seen in
attachment "Literature review"). The literature review follows the guidelines provided by vom
Brocke et al. (2009).

The literature review has been carried out over two rounds. The purpose of the rst round was to get
an overview of the research areas within the eld of digital humans, as this is a new working area
for the authors. The purpose of the second round of the literature review was to do a deep dive into
one research area and uncover the most common problems within this area of digital humans.

In the context of this report, a digital human is de ned as a system which contains an avatar and
is able to process and produce speech. However, for some topics, it was deemed relevant to also
include articles that concerns speech recognition software that does not have an avatar. The literature
contains several synonyms for digital humans and the following terms has therefore also been used

to cover the topic:

» Embodied conversational agent

Conversational agent

Intelligent agent

Intelligent virtual agent

Embodied virtual assistant

Virtual conversational agents

13
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* Arti cial-Social-Agent
The following databases were used during the literature review, as they contain journals regarding

human-computer interaction:

» APA Psychnet
* Primo

* Primo Al

Scopus Al

Google Scholar

The search was limited to journals, conference papers and books published after 2010. The limit
was set to 2010 since this marks the point for when Al-driven voice assistants such as Google,

Alexa, Siri were released (Network, 2024).

3.4.1 Literature Review, Round 1

The search terms that was applied during the rst round of the literature review are displayed in

gure 3.4 below.

Figure 3.4: This gure shows the search terms that has been applied during the rst round of the literature review.

14
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The search terms covers interaction with digital humans, anthropomorphism, UX, empathy, social,
prosody, and searches of synonyms for digital humans.
These searches provided 31 relevant articles, 29 without duplicates. References to these articles are

listed in table 3.1 below.

Anthropomorphism

(Abel et al., 2020), (Ahn et al., 2021), (Bailenson & Yee, 2005), (Blut et al., 2021),
(Coghlan, 2024), (Fakhimi et al., 2023), (Geiselmann et al., 2023), (Lee et al., 2010),
(Martin & Jenkins, 2024), (Sharma & Vemuri, 2022), (Ter Stal et al., 2020), (Watson
et al., 2024), (Xavier et al., 2023), (Y. ( Zhang et al., 2024), (Z. Zhang et al., 2025)

Prosody
(Ehret et al., 2021), (Roso et al., 2024)

Digital humans in general
(Abel et al., 2020), (Erengin et al., 2025), (Geiselmann et al., 2023), (Loveys et al., 2022),
(Sharma & Vemuri, 2022), (Potdevin et al., 2021),(Guadagno et al., 2011),(Sung et al.,

2023)

Uncanny valley

(Diel et al., 2022), (Stein et al., 2020)

UXx

(Guadagno et al., 2011), (Bae et al., 2025)

Table 3.1:This table shows all the sources that was found and marked as relevant in round 1 of the literature review

Neither backward or forward search were applied and the articles were not analyzed. Instead, the
articles were skimmed and used to map the most prominent research topics within the eld of
Digital humans. As can be seen in gure 3.5, the topics include appearance, face, entertainment,

emotions, gestures, conversation, and speech.

15
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Figure 3.5: This gure shows a map of the most prominent research topics within the eld of digital humans.

The map in gure 3.5 was used to narrow down the focus of the report to a topic that is both
interesting, possible to research and relevant to the the problem areas that has been identi ed with
NTT's digital humans. By now, we already know from NTT that we will not be able to change
the graphical elements of NTT's digital human. This means, that the topics appearance, face, and
gesture are excluded. Of the remaining topics, conversation was the most interesting topics as it

feeds into the problems mentioned in section 3.2 with NTT's digital humans.

16
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3.4.2 Literature Review, Round 2

In the second round of the literature review, only the articles about conversation related aspects
were included. Additionally, eight new searches were made with APA Psychnet, Google Scholar,
Scopus Al, and Primo Al. These searches provided 13 relevant articles. The search terms are listed
in gure 3.6 and include conversation, Al latency, initiating conversations, emotional responses,

embodied conversational agents vs. humans, and anthropomorphism.

Figure 3.6:This gure shows the search terms that has been applied during the second round of the literature review.
Note, that for the search on Google Scholar, only the rst two pages were included.

These articles were read by the authors, and for each article snowballing was applied. Meaning,
that the articles bibliography was skimmed to nd other relevant articles. Snowballing provided 19

additional articles. All articles found in round 2 are listed with their reference in table 3.2 below.

17
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Communication style

(Kramer, 2008), (Van Pinxteren et al., 2023), (Van Pinxteren et al., 2020)

Interaction

(Smith et al., 2010), (Foster, 2007)

Perception and accept of agents
(Pickard et al., 2014), (Chateau et al., 2005), (Biancardi et al., 2021), (Loveys,
Sebaratnam, et al., 2020)

Agents in professional roles

(Sharma & Vemuri, 2022) Gerekove et al., 2009)

Development

(Dirk Heylen et al., 2009), (Esposito & Jain, 2016)

Snowball

(Akdim et al., 2021), (Baron, 2015), (Becker et al., 2007), (Benitez et al., 2017),
(Ben Mimoun & Poncin, 2015), (Bergmann et al., 2012), (Bickmore & Cassell, 2005),
(Cerekovic et al., 2017), (Chattaraman et al., 2019), (Elliot, 1996), (Gratch et al., 2007),
(Groom et al., 2009), (Kopp et al., 2005), (Kramer, 2005), (Loveys, Sagar, & Broadbent,
2020), (Oertel et al., 2020), (Robinson et al., 2008), (Taylor & Baker, 1994), (Wagner
etal., 2019)

Table 3.2:This table shows all the sources that was found and marked as relevant in round 2 of the literature review

All dependent and independent variables in the articles were noted in an Excel document along with
their effects. This was done to create an overview of what elements affect digital humans and how
they affect. The full list of variables can be found in appendix B or attachment "Literature review".

A summary of the variables is made in table 3.3 below.

18
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Dependent variable

Independent variable

Effects

User behavior, including
attitude and communica

tion

) Human-like appearance

-

More human-like appearance lea
to conversations with natural spee
(Kramer, 2005)

Anthropomorphism

Human-like features, de

mographics

2-More human features equals more

thropomorphism (Blut et al., 2021).
Elderly, children and women anthropo-

morphize more (Blut et al., 2021).

Affect, likability, satisfac-|
tion, rapport, perceive(
usefulness, preseng
trust, safety, and pe

ceived intelligence

i

I-

Anthropomorphism

€,

he

(SN

More anthropomorphism increases t
perception of the dependent variab
(Blut et al., 2021)

Persuasion

Anthropomorphism, use
personality, perceived c:
pabilities, value of task

and type of message

r Anthropomorphism increases persua-

a-sion (Blut et al., 2021). User personality

, affects persuasion (Watson et al., 2024).
Simpler, desirability focused or utilitay-
ian tasks makes users more prone to per-

suasion (Watson et al., 2024)

Rapport

Communication style (sa
cial vs. task, reciprocity
principle, hedonic vs

utilitarian)

-Social and adaptive communication
style increases rapport (Van Pinxteren
.etal., 2023). So does reciprocation and
hedonic communication (Chattaraman
et al., 2019; Van Pinxteren et al., 202B).
Rapport increases satisfaction and inten-

tion of use (Van Pinxteren et al., 2023)
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Trust

Small talk, appearanc

and personality

elntroverts trust task-oriented agen

more. Extroverts trust agents that sm

Digital humans rates higher on tru

moun & Poncin, 2015; Blut et al
2021).

Uncanny valley

\oice distortion, motion
manipulation,

auditory mismatch

visualr

All three independent variables has

moderate effect on controlling the r

2022)

Engagement, trust an

cognitive load

dTask based vs. socig

based dialog

alUsers trust and engage with digital h
mans more when they match the us
conversation style and degree of ext
sell, 2005). Social based dialog creat
less cognitive load (Chattaraman et

2019).

Linguistic behavior

avatar Perceived likabi

ity of the avatar

Perceived power of the Female avatars has a higher percei

-likability and lower perceived powe
When an agent is perceived as pow
ful, participants used less expressive |
guage, more hesitations, and they

vealed less about themselves. (Pick

etal., 2014)
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Other Agents saying “I” are perceived as more
empathetic (Van Pinxteren et al., 2020).
Personalization improves interactions
(Y. ( Zhang et al., 2024). Apologie

n

make computers seem more sensitive

(Van Pinxteren et al., 2020). Highg

A1%4

r
psychological closeness facilitates bet-
ter responses when the agent focuses
on a products secondary features (Ahn

et al., 2021). Intelligent agents reduce

search time and costs (Ben Mimoun
& Poncin, 2015). Friendly language in-
creases warmth, and text-to-speech has
better ow than text-only communica-

tion (Ben Mimoun & Poncin, 2015).

Table 3.3:This table shows the independent variables, the dependent variables and their effect on one another that has
been identi ed through the literature review.

3.4.3 Conclusion on Literature Review

Across the reviewed literature, a clear methodological pattern emerges: the majority of studies
investigating user interaction with conversational agents and embodied conversational agents
(ECAs) rely on quantitative, experimental designs, often involving manipulated variables such as

communication style (social vs. task-oriented), degree of personalization, anthropomorphism, or

voice characteristics (e.g., human vs. synthetic).

Several studies employ survey-based approaches to measure user perceptions, while others con-
tribute with systematic literature reviews or qualitative analyses to provide contextual depth. Com-
mon dependent variables include engagement, rapport, user satisfaction, perceived usefulness, trust,
presence, anthropomorphism, uncanny valley, and behavioral intention, often measured using 5- or

7-point Likert scales.
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3.5 From Observations to Design Inquiry: Identifying Key Ar-

eas of Interest

Building on the insights gathered from both the literature review and on-site observations at the job
center, several recurring themes have emerged that highlight critical friction points in interactions

with digital humans.

Drawing on this synthesis of empirical and theoretical perspectives, we have identi ed three

interrelated areas that merit closer examination. These areas will serve as a foundation for the
subsequent sections, in which we explore how targeted design interventions might help address
the challenges observed, while also considering how these efforts are informed or potentially

complicated by existing research.

1. Physical context and conversational space
2. Task-based versus social-based conversation modes

3. Initiating interaction

The rst area of interest concerns the physical contexin which the digital human is embedded.

This focus emerged directly from our eld observations at the job center, where it became evident
that users did not initiate spoken interaction with Trothilde. In the majority of observed cases,
individuals either bypassed her entirely or engaged solely through the touchscreen interface. No
users attempted to speak with her, and even in instances where she responded verbally, users did
not treat her as a conversational partner. This suggests that the system fails to afford voice-based

interaction in a meaningful or perceivable way.

In design theory, affordances and signi ers play a crucial role in shaping how users interpret the
purpose and functionality of an object or interface (Norman, 2002). While Trothilde is technically
capable of audio-based dialogue, this potential is not communicated clearly through her physical
presence. Instead, the interface is dominated by touch-oriented cues such as the placement of the
touchscreen and on-screen instructions which overshadow any subtle signi ers of spoken interaction.
As a result, users do not perceive Trothilde as a system that invites conversation, but rather as a

passive kiosk or information terminal.
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This topic would include an investigation of how the spatial and sensory environment can be
redesigned to promote social cues, reduce ambiguity, and increase users' willingness to engage

vocally with the digital human.

The second area of interest is the adaptive conversational styleéBhis behavior is supported in
making the interaction better with increases in rapport, trust and engagement. An implementation
of this in Trothilde should enhance these variables. By distinguishing between task-oriented and
socially-oriented modes of interaction, researchers have identi ed important differences in how
users relate to and evaluate conversational agents (Bickmore & Cassell, 2005; Chattaraman et al.,
2019). Task-oriented dialogue tends to focus on the ef cient execution of prede ned goals, while
social-oriented interaction introduces relational cues such as small talk, empathy, and politeness
strategies to simulate a more human-like presence. The choice of interaction style signi cantly
shapes user engagement and satisfaction, especially in emotionally sensitive contexts such as job
centers, where users may be navigating uncertainty or stress (Ben Mimoun & Poncin, 2015; Blut

et al., 2021; Van Pinxteren et al., 2023).

Prior studies suggest that social-style agents can enhance users' perceptions of warmth and trust,
particularly when the user lacks con dence in their task competence (Chattaraman et al., 2019).
Conversely, users with high digital literacy or goal-oriented mindsets may prefer direct and ef cient
task-based interactions (Van Pinxteren et al., 2023). This highlights the need for adaptive systems
that can modulate their communication style based on contextual and user-speci ¢ cues (Blut et al.,
2021).

For our project, prototyping distinct conversation modes offers an opportunity to explore how
interaction framing whether through verbal tone, conversational pacing, or user-initiated mode
switching affects perceptions of empathy, responsiveness, and usefulness. As Bickmore and Cassell
(2005) emphasize, socially intelligent agent behavior must be matched to user expectations and
situational needs in order to foster rapport and engagement. Exploring this adaptive capacity is
therefore a key step in designing digital humans that can support both the informational and

emotional dimensions of user experience.

The third area of interest is agent-initiated conversation which appears to be underexplored

in the existing literature. Most commercial voice assistants currently available—such as Siri and
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Alexa operate primarily in a passive mode, where interaction is initiated by the user through explicit
verbal cues like “Hey Siri” or “Alexa.” In these systems, the burden of initiating conversation rests
with the user, rather than the system. This stands in contrast to typical human receptionist—customer
interactions, where the receptionist is generally expected to initiate engagement. Because this form
of agent led initiation has not received substantial attention in current research on conversational

agents, it presents a particularly compelling area for further investigation.

Recent experimental studies have begun to probe the design potential of more proactive agents. For
example, Tabalba et al. (2024) conducted a study using ArticulatePro, comparing two versions of a
voice assistant: one reactive and one proactive. l.e. the Al will ask follow up questions or answer
slightly outside the scope. The proactive version not only resulted in faster task completion during

a data analysis task but also led to higher user engagement. Users interacted for longer durations
and in a more dialogic manner because the assistant actively offered follow up suggestions and
next steps effectively leading the interaction when it served the task at hand. This highlights how

proactive behavior can encourage sustained and meaningful dialogue.

The third area also overlaps conceptually with the rst, as both focus on challenges related to
initiating conversation. However, while the rst area emphasizes traditional design principles to
address this issue, the third focuses more speci cally on the conversational roles and expectations
typically found in human service interactions. Hopefully, the initiation of interaction will serve as a
strong enough signi er that the affordance of speech interaction is present and users use it to have

easier interactions with the digital humans.

Taken together, these three areas point to a broader challenge: how to design systems that support
more intuitive and engaging conversational experiences with digital humans. While each area offers
valuable insights, for example, the second area highlights the need for adaptive conversational styles,
there is chosen to prioritize the third area, agent-initiated conversation, as the central focus of our
design inquiry. This area stands out not only due to its relative lack of attention in the literature but
also because of its strong connection to behaviors observed in our eld study and its potential to

fundamentally shift how users perceive and respond to digital human interactions.
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By exploring how digital humans might adopt a more proactive role in initiating conversation, much
like human receptionists or service personnel, we seek to understand whether such an approach

could help reduce hesitation and encourage greater user engagement in socially situated contexts.

3.6 Problem statement

Interestingly, both the literature and our own eldwork raise important questions about how context
and initial impressions shape users' willingness to engage with digital humans. Why do so many
passersby ignore Trothilde, even when she is prominently positioned and technically able to
converse? It appears that the very rst moments - the way the interaction begins, are decisive. Users
seem to look for subtle but powerful social cues that signal: “This is a space where | can speak, and

I will be heard.” But what are those cues, and how do we design for them?

Building on this observation, the present study investigates how different approaches to initiating
conversation, speci cally whether the interaction is initiated by the user or by the digital receptionist,
in uence the level of user engagement. By focusing on the critical entry point to the interaction,
we aim to better understand what cues matter and how they might be designed to foster more

approachable and socially intuitive encounters with digital humans.

This leads us to the following problem statement:

What differences can be observed in user behavior and engagement when interactions

with digital humans are initiated by different parties?
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Chapter 4 - ROSIE — Receptionist Optimized for

Student Information & Engagement

Rosie is the digital human developed speci cally for this study. While initial plans included using
the existing avatars such as Trothilde and Sophia, these models lacked the exibility required to
support the targeted interaction styles identi ed during the literature review. Therefore, a custom

solution was developed to ensure greater control and experimental exibility.
This custom solution should live up to the following list of requirements:

1. It should be possible to use different dialogue styles or make a prompt to perform an interaction
in a certain manner.

2. It should be based on a Large Language model, to support exible dialogue management.

3. It should be able to listen to audio from a microphone.

4. It should be able to return audio to a speaker.

5

. It should have an animated face.

Regarding the face, it is important to consider the delity of the face as to not create the uncanny
valley response. This means that it should either be very high delity moving beyond the valley or a

suf ciently lower delity as to never get into the valley Ferdinand Englander, 2014."

For this purpose the Nvidia audio2face-3d model ful lled the requirements. It uses the agship
3d-model that Nvidia uses to showcase how advanced their GPU's and arti cial intelligence has
become and is very high delity. Additionally it is very simple to use via the Omniverse client or

via their docker containers called "Nvidia Inference Microservices" NIMS. The docker container
however presented signi cant implementation challenges and as such the omniverse client was
chosen. This client requires that the audio is sent via the gRPC protocol. An example of how to use
the gRPC protocol is present in the code for the audio2face-3d program and this example has been

modi ed to t the project.

The NIMS also include LLM's but as it wasn't possible to get them to run properly, most probably
due to inexperience with setting up a linux environment, other alternatives had to be considered.
The OpenAl APl seemed a tting choice as their Al "ChatGPT" is very popular and scores well as

aLLM.
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Investigations into OpenAls API presented the OpenAl Agents pipeline which can be used to send
and receive audio les. The processing all takes place on OpenAl's servers and it all happens
relatively fast 5-10 seconds. In addition, OpenAl has excellent documeritatitmexamples for

our use case (OpenAl, 2025b).

An alternative to the Agents pipeline would be to chain together multiple Al's. One for transcription,
then inference and then text to speech. This could give more exibility and the ability to x issues
down the road but most probably would also introduce more issues. Therefore the agents pipeline
has been chosen for the project. Using a cheap model such as gpt-4o0-mini means that the processing
for the entire project can probably be done for less tha&.20hen development for the rst

iteration was over, about€l had been spent.

4.1 Programming Rosie

Rosie ow is in simple terms:

[ —

. Record audio

N

. Send audio to OpenAl
(a) Speech To Text
(b) Inference
(c) Text To Speech
3. Receive audio from OpenAl in chunks and combine them
4. Send audio to NVIDIA Audio2face-3d via gRPC
5. Render face animations and play sound via Audio2face-3d

6. Repeat

Rosie is programmed in Python based on an example from Opemtlithe Omniverse Audio2face-
3d client example from the Omniverse Audio2face-3d application (in the Audio2face-3d package
folders). (OpenAl, 2025b)

The sound handling is written in collaboration with the Al tool Github Co-pilot. This tool allows

for easily writing correct syntax by instructing the Al to handle speci ¢ use cases such as storing

Ihttps://openai.github.io/openai-agents-python/voice/quickstart/
2https://openai.github.io/openai-agents-python/voice/quickstart/
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audio or manipulating it. The initial code is reviewed by the authors and adapted as needed. Some
areas of the code has been written entirely by hand as the Al code was not good enough, most of

the code has been modi ed and some hasn't been modi ed at all.
A showcase of Rosie can be seen on YouPudeppe Givskud, 2025a).

First the Agent is de ned and loaded into the pipeline which is then run. The pipeline runs until
the program is stopped manually. For the rst interaction a simple 2 seconds of silence is sent to
OpenAl's APl which then responds with an audio clip of Rosie saying hello. When this is received
the audio is bundled into a variable and the program now awaits the signal from the facilitator to

send this audio to omniverse audio2face-3d to be played.

A GUI has been programmed for this purpose as well as for logging purposes. The GUI can be seen
on gure 4.1. When the facilitator presses "Stop recording” the audio is formatted and sent to the

OpenAl API via the pipeline.

Figure 4.1: This gure shows the GUI used to record the outcome of the tests as well as control the conditions

When the signal is received by audio2face-3d the 3D model starts "speaking” and the audio and
facial animation match in a coherent manner. After the audio is done the face freezes in the last
position received. This is unfortunate as the last position can be during a blink or another weird
facial posture. Therefor a very short audio signal is sent to hopefully reset the animation which

works most of the time.

Shttps://www.youtube.com/watch?v=gKidbRIFDds
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