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ABSTRACT

Human-Agent interaction in Virtual Reality aims to establish interaction patterns and
rapport with virtual agents similar to real life. Rapport with virtual trainers in exer-
games is used to enhance an engaging user experience. This paper reports on the
results from an evaluation study on perceptions and interactions with the virtual trai-
ner “Anna” after a 6-week exergame training for seniors with hypertension. The study
aimed to evaluate rapport of seniors with the virtual trainer as a factor contributing to
positive user experience and training outcomes. The evaluation was conducted with
23 participants aged 65 and older with diagnosed hypertension. The results show that
the design of the virtual trainer was effective for establishing rapport especially for
relationship building and enhancing engagement of senior users to participate in VR
training. The paper also explores the perception of users of selected characteristics
and features related to possible Uncanny Valley effects.
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INTRODUCTION

Human-Agent Interaction (HAI) has focused on research on human intera-
ction with conversational agents, virtual agents and other forms of embodied
agents such as animated 2D or 3D characters resembling humans. The design
approaches range from an animated face without a body to fully embodied
agents (Buisine et al., 2004). Embodied conversational agents (ECAs) were
defined as software entities with a certain degree of embodiment, autonomy
and intelligence used to communicate with users (Ruttkay et al., 2004). The
design of HAI in virtual reality (VR) has aimed to recreate or mimic intera-
ctions from real life. Embodied agents have been applied to inform, explain
and demonstrate sequences of activities in education, training, commerce and
entertainment (Nijholt, 2002). Research shows that embodied agents can
enhance motivation, enjoyment and perceived usefulness (Guo et al., 2016).
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Embodied virtual trainers as a category of virtual agents, have been applied
to support physical exercising in exergames (Shaw et al., 2016), not only to
improve user experience but also to counteract low adherence in the use of
eHealth applications (Nijland, 2011). Embodied virtual trainers have sup-
ported fitness exercising (Reidsma et al., 2011), health self-management of
chronic patients (van Wissen et al., 2016), and virtual balance therapies for
older people (Kouris et al., 2018). Studies compared training with a virtual
trainer in an exergame to training with a human trainer and showed that there
were no significant differences in exercise adherence (Wilson and Brooks,
2013).

Studies explored different aspects of the multimodal communicative beh-
avior of virtual agents, including a combination of speech, gestures, appe-
arance and content of presentation (Buisine et al., 2004), integration of
verbal and nonverbal communication elements including gaze, gesture and
body orientation (Rickel and Johnson, 2001), communicative functions of
facial expressions (Pelachaud and Poggi, 2002), proximity and attentio-
nal focus (Traum and Rickel, 2002). Appearance, emotions and relational
behavior have been shown to affect likeability and interaction outcomes
(Buisine et al., 2004). Perceptions of anthropomorphism have been exami-
ned in relation to uncanny valley effects. Ruijten (2015) explored whether
or not certain human-like characteristics are attributed to virtual health
agents and how this affects the effectiveness of an agent-based health
service. The review by Stal et al. (2020) indicated positive effects of agents’
relational behavior for rapport, intention to use and long-term use of
eHealth-applications.

Rapport with Virtual Agents

Rapport as a crucial characteristic of successful HAI, has been explored
in the research based on the concept of rapport defined by Tickle-Degnen
and Rosenthal (1990) as a dynamic structure of three interrelated compo-
nents: mutual attentiveness, positivity, and coordination. Studies showed that
rapport can be established between humans and virtual agents, especially
through responsive behavior of the agent with the help of listening, feed-
back, gazing, facial expressions, gestures and postures (Gratch et al., 2006).
The feeling of being “in sync” associated with rapport can be established
with virtual conversational partners and is linked to liking, trust, interaction
and engagement (Gratch et al., 2006; Huang et al., 2011). Research studies
also explored how different aspects of the agent’s behavior impact rapport.
The study by Gratch et al. (2007) showed that both frequency and contin-
gency of positive feedback from the virtual agent was crucial for creating
rapport. Further studies showed that behaviors which indicate positive emo-
tions, attention, mimicry and coordination through synchronized movements
contribute to rapport with virtual agents (Huang et al., 2011). In the context
of exergames, interpersonal synchrony, as a process of coordinating body
movements, has been shown to play an important role for rapport (Park
et al., 2013).
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Uncanny Valley and Virtual Agents

Research on the design of virtual agents, including in VR, has also addres-
sed the question of how different levels of realism (e. g. a photo-realistic
agent vs. a cartoon caricature) and human-likeness (i. e. anthropomorphism)
affect the perception of virtual agents. Rooted in the Uncanny Valley theory
by Mori (1970), designs of embodied agents aimed at creating a moderate
degree of human-likeness to enhance the sense of affinity. The study by Sey-
mour et al. (2019), however, explored the effects of crossing the uncanny
valley and showed that participants had greater affinity and preference for
more human-realistic VR avatars and perceived them to be more trustw-
orthy. Further studies explored which design aspects of virtual agents can
provoke negative feelings of dislike, aversion or eeriness, which are asso-
ciated with the uncanny valley effect. Bartneck et al. (2009) proposed five
Godspeed questionnaires including concepts of anthropomorphism, animacy,
likeability, perceived intelligence, and safety. Godspeed as a measurement tool
has been used in assessment of virtual agents as exercising partners (Schnei-
der and Kummert, 2018) and perceptions of virtual health agents (Ruijten,
2015). However, Ho and MacDorman (2010) indicated that Godspeed may
not be appropriate for evaluating human-like agents and proposed a new set
of uncanny valley indices.

Design of the Virtual Trainer “Anna”

This paper describes the results of the evaluation study on rapport and perce-
ptions of senior users of the embodied virtual trainer “Anna” who supports
physical training in an immersive virtual reality environment developed in
the bewARe project. The bewARe training program is a non-drug hyperten-
sion therapy for older patients with hypertension which exploits a range of
AR/VR/MR technologies, wearable sensors and gamification techniques to
deliver an immersive training experience. Based on the sensor data acquired
during training, such as blood pressure and heart rate, the system adapts
to the individual training needs of senior users. Anna is an animated 3D
full-body female trainer silhouette (see Figure 1).

Figure 1: Design of the embodied virtual trainer “Anna” in virtual reality.

From the perspective of the uncanny valley theory, Anna has a higher level
of human-likeness (female silhouette, voice and movements) and a lower



144 Buchem et al.

level of realism (low fidelity facial expression, body, hair and garment). The
expressiveness of Anna is enhanced by the use of custom motion captured
animations and professional voice acting. Abstracting the visual presentation
communicates her role as the representation of the system and circumvents
problems of a realistic depiction which would arise from technical limitations
of today’s VR and 3D technologies. The abstracted visual design enables to
leave out more detailed animations such as lip syncing, which allows to adjust
and combine animations to communicate system’s feedback and the different
exergames depending on the user’s fitness level and progression. The appli-
cation of Anna in the set of exergames aims to enhance user engagement,
possibly leading to a higher adherence. Anna supports the user in performing
exercises such as endurance, strength, aerobics and coordination, following
the training sequence displayed on the user interface. The virtual trainer Anna
facilitates the participation of senior users in exergames by giving instructi-
ons, modeling movements and providing feedback. Gamification elements
are applied to support motivation and positive behavioral changes.

METHODS

The aim of this study was to evaluate to what extent senior users could
establish rapport with the virtual trainer “Anna” and how they perceived
different aspects of the multimodal virtual trainer design. The study included
the evaluation of anthropomorphism, which may have effects on users’ emo-
tional responses, perception of affinity and trustworthiness, as indicated by
the uncanny valley theory.

The study was designed as an evaluation study on perceptions and inte-
ractions of users with the virtual trainer “Anna” after a 6-week exergame
training for senior patients with hypertension. Data was collected prospecti-
vely. All participants gave their written consent prior to the study. The study
was approved by the Ethics Committee of the Charité - Universitätsmedizin
Berlin (EA4/010/21) and took place in the laboratory of the Charité’s Geria-
trics Research Group. During the period of six weeks, participants had two
training sessions each week. The first training session included five strength
endurance exercises, the second session included four exergames focused on
endurance and interaction with the trainer. Users were immersed in virtual
exergames by wearing an HTC Vive Pro headset. Each session lasted approx.
30 minutes and had moderate intensity (40-60% of heart rate reserve). The
evaluation took place after the 6-week exergame training.

To analyze the dyadic interaction with the trainer “Anna” the 15-item
rapport scale by Gratch et al. (2007). A trait list with 9 items describing
selected characteristics of the virtual trainer were included in the evalua-
tion. The items 9 were derived from studies by Stein and Ohler (2017)
and Cerekovic et al. (2017). All questions were answered on a Likert scale
ranging from “0 = strongly disagreeable” to “8 = strongly agreeable”. In
addition, the bipolar questionnaire by Ho and MacDorman (2017) with 40
adjectives was used to assess possible uncanny valley effects. Adjectives were
rated on a 3-point importance scale (1. slightly important, 2. moderately
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important, 3. very important). The analysis for the purpose of this paper was
limited to descriptive statistics.

RESULTS

Participants

Participants were recruited from the internal volunteer database of the Geria-
trics Research Group of the Charité Berlin. The 23 participants were 65 years
and older, had diagnosed hypertension, were independently mobile, had no
risk of falling (Tinetti et al., 1986) and no cognitive impairments (Brandt
et al., 1988). The mean age of the participants (n = 23) was 75.8 years (SD:
4.7; 60.9% female). The participants had a Tinetti score of 27.8 (SD: 0.5)
and a TICS score of 36.2 (SD: 2.2). 43.5% reported university as their high-
est education. 26.1% of participants already had some previous experience
with virtual reality.

Rapport Scale

The results of the rapport scale (see Figure 2) indicate that the design of
the virtual trainer “Anna” was effective for establishing rapport especially
in terms of building a relationship with the virtual trainer and enhancing
the engagement of senior users to participate in the VR training. However,
the design was less effective in creating a positive perception of the trainer
as a warm, caring and respectful agent. The overall median of the rapport
scale was 6 (Min:1, Max:8). The results of the rapport scale show the highest
values with a median of 8 was reached in item 15 (“The interaction with Anna
was frustrating”, recoded). The recoded value of 8 means that the interaction
was not frustrating. A median of 7 were reached for items 1 (“The trainer
Anna is friendly”), 3 (“The trainer engaged me in the workout”), 6 (“It was

Figure 2: Results of rapport scale in a diverging stacked bar chart in percentage (%)
from the nine-point Likert scale.
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important for me to imitate the movements of the trainer Anna as well as pos-
sible”), 8 (“I had the feeling that the trainer Anna was not interested in me”,
recoded), 9 (“The trainer Anna did not involved me in the training”, reco-
ded), 10 (“I had the feeling that I had no connection to the trainer Anna”,
recoded), 11(“I didn’t care if I was imitating the Anna’s movements well”,
recoded). The lowest ratings with a median of 4 were researched for items 12
(“I could behave the way I wanted to behave”), 13 (“The trainer Anna was
warm and caring”) and 14 (“The trainer Anna was respectful to me”).

Trait List

The trait list included 9 items to traits of the virtual trainer. The results of the
evaluation (see Figure 3) of the trait list revealed that voice quality, speech
pauses and bodily movements were rated highest with a median of 7, follo-
wed by head and hand movements. The lowest values were researched for
face expression with a median of 4 and the analysis of the qualitative data
indicates that senior participants wished for a more expressive face of the
virtual trainer.

Figure 3: Results of the trait list in a diverging stacked bar chart in percentage (%).

Uncanny Valley Indices

The set of uncanny valley indices was used to assess a range of percepti-
ons related to humanness, attractiveness and eeriness of the virtual trainer
“Anna”. In the Uncanny Valley questionnaire, the median value for the
humannes scale was 1 (Min: −3, Max:3), for the attractiveness 1 (Min:0,
Max:3) and for the eeriness 0 (Min: −1, Max:0). Within the humanness
index, the virtual trainer Anna was perceived as a living (Mdn: 1), human-like
(Mdn: 1), but neutral regarding a definite lifespan (Mdn: 0). In summary, the
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participants have seen “Anna” as slightly real (Mdn: 1) and were unsure whe-
ther she was natural or artificial (Mdn: 0). Within the attractiveness index,
Anna was perceived as sleek (Mdn: 2), agreeable (Mdn: 2) and attractive
(Mdn: 1). Within the eeriness index, Anna was not perceived as predictable
(Mdn: 0) and not eerie (Mdn: 0). The results indicate the virtual trainer Anna
was not perceived as uncanny, freaky or weird by the senior participants of
the study.

DISCUSSION AND FUTURE WORK

The primary goal of this study was to evaluate the extent to which it was
possible to establish rapport with the virtual trainer “Anna” in virtual reality
exergames for senior users with hypertension. In summary, the results indi-
cate that the design of the embodied virtual trainer in VR was effective in
establishing rapport especially in relation to building a relationship with the
trainer and enhancing the engagement of users. The results also show that the
senior participants did not perceive the virtual agent as uncanny or weird, but
rather as an attractive, human-like trainer with agreeable voice quality, spe-
ech pauses and bodily movements. The study had some limitations including
a small sample size and the lack of comparative variants of the virtual trainer
in exergames tested with senior users, e. g. designed with different levels of
human-likeness and realism. Despite these limitations, the evaluative results
of the study lead to a hypothesis that the anthropomorphic but semi-abstract
design of the virtual trainer “Anna” was effective for eliciting rapport with
the virtual trainer, which seems to be plausible from the perspective of the
uncanny valley theory. However, follow-up research in controlled laboratory
settings would be needed to test the hypothesis related to the effects of diffe-
rent levels of anthropomorphism and realism in the design of virtual agents
on rapport building with users. Further studies should therefore have a more
in-depth look into a relationship between the uncanny valley indices and the
quality of rapport with virtual trainers. Studies should explore whether and
how humannes index, attractiveness index and eeriness index are related to
different aspects of rapport and whether the effects are different for diverse
groups of users, e.g. older vs. younger users or users from different cultures.
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