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ABSTRACT
A virtual guide in an immersive virtual environment allows users
a structured experience without missing critical information. How-
ever, although being in an interactive medium, the user is only a
passive listener, while the embodied conversational agent (ECA) ful-
fills the active roles of wayfinding and conveying knowledge. Thus,
we investigated for the use case of a virtual museum, whether users
prefer a virtual guide or a free exploration accompanied by an ECA
who imparts the same information compared to the guide. Results of
a small within-subjects studywith a head-mounted display are given
anddiscussed, resulting in the idea of combining benefits of both con-
ditions forahigheruseracceptance. Furthermore, the study indicated
the feasibility of the carefully designed scene and ECA’s appearance.
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1 INTRODUCTION
Immersive virtual environments (IVEs) are increasingly often used
as learning environments. Examples are training simulations to
improve motor (e.g., [16]), social (e.g., [22]), or professional skills
(e.g., [37]), but also social or cultural applications. These cover simu-
lations of, e.g., reconstructed places with a high cultural or historical
significance (e.g., [4]), cities for VR tourism (e.g., [47]), or digital
museums (e.g., [39]), the last being our targeted use case.

Thanks to the large availability of consumer head-mounted dis-
plays (HMDs), this immersive content is accessible to many users
independently of time and place. However, a narrative layer, pro-
viding users with additional information on the exhibits visited, is
often missing [26, 27]. To this end, virtual guides (e.g., [13, 30, 44]),
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presented as anthropomorphic, computer-controlled embodied con-
versational agents (ECAs), areoftenembeddedaspedagogical agents.
Furthermore, these ECAs typically guide the user through the scene,
allowing a structured experience [15] while avoiding that the user
gets lost in complex scenes or misses critical information [36]. To
this end, the user can fully concentrate on gaining knowledge while
the ECA takes care of wayfinding, reducing the user’s cognitive load.

The question arising, however, iswhether being a passive receiver
is the best choice for virtual reality (VR) as an interactive medium.
Research indicates that active exploration with exploratory freedom
increases the sense of personal agency, resulting eventually in higher
user investment [11]. One reason might be that users can customize
the experience to their individual needs and interest [11].

Our main contribution is an initial exploration of howmuch inde-
pendence is preferred by users in a virtual museum. Therefore, we
designed two different behaviors for an ECA, representing amember
of the museum staff. The behavioral condition𝐶𝑔𝑢𝑖𝑑𝑒 simulates a
virtual guide, who leads the user on a predefined path through the
museum. Condition𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 simulates a virtual companion, who
allows the user a free, however, accompanied exploration of the
space. Whenever the user shows interest in a special exhibit, the
companion provides the same information in the identical way as in
𝐶𝑔𝑢𝑖𝑑𝑒 . In a pilot study, we investigated which condition is preferred
in terms of entertainment, enjoyment, and comfort.

Although our main focus is the ECA’s locomotion behavior (e.g.,
walking speed, proxemics) as a necessity for scene exploration, we
also actively considered various design aspects for the ECA as well
as the virtual museum and discuss those in the paper. Thus, a second
contribution is showing the feasibility of our chosen designs.

Investigating the impact of the ECA’s behavioral conditions on
the user’s spatial and object memory or learning outcome will be
done in a later step1. We also omitted the simulation of other staff or
visitors in this communal space to provide a clean testbed without
distractions and external influences for this initial evaluation.

2 RELATEDWORK
Using virtual guides in real life to impart knowledge is a common
strategy utilizing, e.g., static display-based virtual characters in mu-
seums (e.g., [33, 46]) or mobile bots in historic places (e.g., [31]). In
addition, using virtual guides or pedagogical agents represented by
ECAs in IVEs becomes increasingly common (e.g., [19, 28, 35]). Fol-
lowing theMedia EquationTheory [42], these life-like characters are
conceived as veritable social actors. Thus, people build relationships
with them and react socially [25]. To this end, when designing an

1While passive users have a better recognition memory for objects [1], eventually
transferable to an increased learning rate, the impact on spatial memory is inconclu-
sive (compare, e.g., [15] and [12])
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ECA, a user’s expectations of a plausible and realistic human-like
attitude and behavior have to be met. For our contemplated mobile
ECA various aspects, thus, need to be considered:

In terms of joint locomotion, human-aware navigation is essen-
tial, meeting the requirements of comfort, naturalness, and sociabil-
ity [24, 34]. This also includes respecting the user’s personal space
(PS) to avoid discomfort (e.g., [2, 8, 23]). During locomotion, footstep
sound for theECAaspositional feedback for theusers is preferred [7].
Additionally, variations in frequently used trajectories as well as in
repeated utterances support perceiving an ECA as more life-like [9].

In terms of conveying information, research showed that natu-
ral language has good content delivery [13]. It is recommended to
presentknowledge in the formofstories [26–28,35]oranecdotes [32]
through an ECAwith a personality [3]. There are, e.g., indications
that a cheerful guide outperforms a serious one in enjoyment and
knowledge transfer [49]. Furthermore, an ECAwith a personality
becomes more believable, and the interaction feels more natural [3].

In terms of attention guiding, users expect a guide to use gestures
and eye contact while standing close to the respective exhibits in
real life [32]. Thus, joint attention in IVEs is typically established
verbally in combination with gazing and gesturing [19]. In particu-
lar, gazing is indispensable for shared objects [29], as it supports all
interactants in being mutually aware that they share attention [41].
To support gazing, a suitable formation between the guide and the
visitors should be established andmaintained [50], allowing the ECA
to face the exhibit as well as the listeners. If the attention of a listener
wanders, pausing and restarting the current utterance of the ECA is a
suitable way to re-attract the user’s attention [21]. A user’s attention
can also wander on the way to the next area of interest, resulting in
not following the guide anymore. In those cases, the guide should
show situation-aware behavior, i.e., slowing down and waiting for
a user who stopped to inspect an object of interest or catching up
with a user who departs from the planned tour [40]. Therefore, it is
crucial to anticipate the user’s intent. While a multitude of behav-
ioral actions can be taken into account [6], gazing and interpersonal
distance are essential factors here.

3 USE CASE VIRTUALMUSEUM
The objective of our work was to investigate whether a classical
guided tour (𝐶𝑔𝑢𝑖𝑑𝑒 ) or a free, however, accompanied exploration
(𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛) of a virtual museum is preferred. We expected the fol-
lowing hypotheses to be confirmed:
H1 The accompanied exploration of a virtual museum is superior

to a classical guided tour in terms of enjoyment and comfort
in an educational context.

H2 The perceived (social) presence will be qualitatively equal in
both conditions.

3.1 Equipment &User Navigation
Forour study (Sec. 5),weusedanHTCVive, trackedat90Hz inanarea
of 3.0𝑚×3.0𝑚 (𝑤×𝑑) using two tripod-mounted SteamVR Base Sta-
tions. Subjects brought their ownheadphones for sound and plugged
into the HMD directly. We used one Vive controller for navigation,
realized through gaze-based steering. Subjects controlled their speed
linearly via the controller’s touchpad while asked to stay in place.
Informal testing indicated a speed rangeof 0 to 2.5𝑚/𝑠 as appropriate.

1
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Figure 1: Our museum consists of a training room (red), sep-
arated by doors (blue) which open on finishing the training,
and the main area. On meeting the ECA (green ellipse, loca-
tion 1), the exploration starts. After visiting all exhibition
rooms (2, 4, 5, 6) and interim hallways (3, 7), the doors at 8
open, triggering the farewell.

3.2 Immersive Virtual Environment
Virtual Museum. Our museum is in a deliberately simple and

classical design, depicted in Figure 1. Its exhibition features the
history of internet memes focusing on image macros, defined as a
picture or artwork with some text superimposed. It is divided into
four exhibition rooms (numbers 2, 4, 5, and 6 in Fig. 1), each of which
is dedicated to a specific era of internet culture. The visiting order of
the rooms is given by themuseum’s architectural design, going from
locations 1 to 8, with 3 and 7 being empty interim hallways. The
exploration thus ends in front of the first exhibition room, allowing
the user to easily revisit the museum on his or her own after the
farewell with the ECA. To avoid touring the museum the other
way around in𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 , the doors at 8 are closed till all previous
locations have been visited. The room outlined in red (see Fig. 1) is
purely dedicated to familiarizing theuserwith thenavigation control
before the museum’s exploration and is thus part of the user study.

The memes2 are displayed as follows: room 2 presents them on
pillars, room 4 on large floating boards, room 5 on hourglass-shaped
sculptures, and room 6 comprises a circular arrangement of panels.
These varying layouts, first, allow an easy distinction of the individ-
ual exhibition rooms [36], while making the layout more interesting.
Second, various orders to look at the single memes per room are
given, inviting users to freely explore the room by themselves.

General Design Requirements. Although our two behavioral con-
ditions are evaluated for the use case of a virtual museum, they can
be applied to various architectural scenarios to be explored by users.
Thereby, some general design criteria have to be met: to facilitate
scene exploration in open-world scenarios, different design patterns
are proposed (e.g., [36]). One required in the context of our work is
dividing the IVE into different zones with respective themes [36].
This structures the scenevisually aswell as from thenarrativeflowas
the ECA introduces each area specifically. Another recommendation
is using virtual guides [36] responsible for the global wayfinding,
which reflects our𝐶𝑔𝑢𝑖𝑑𝑒 condition. To be able to easily configure
and alter guided tours through a given environment or specify the
companion’s behavior at an area of interest, design principles of
annotated environments are utilized [17]. These annotations, e.g.,
2https://knowyourmeme.com/
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encode the positions to be visited and their respective order (used
for guiding only) and the utterances and explanations given when
reaching the spot. We furthermore assume that different focal points
on an object of interest are stored, to which the ECA looks when
explaining, as well as locations from which the ECA conveys the
knowledge. Finally, to pause and restart utterances for attention
re-attraction [21], timestamps encoding the start of each word have
to be available for the sound samples. When being interrupted, the
ECA can then resume the explanation starting with the last word.

3.3 ECA
Subjects meet our ECA Kate at her counter in the entrance hall-
way (location 1 in Fig. 1). She is depicted as a young woman in smart
casual attire (see Fig. 5), aiming at conveying competence on the
topic of internet memes while trying to avoid a detrimentally in-
creased level of perceived social distance (status difference) [45] by
our subjects. To reduce the animation complexity as well as social
cues, the character model3 wears an oronasal mask avoiding the
necessity of lip-synced speech and detailed facial gestures. Asmasks
are common in the COVID pandemic, we do not expect a negative
influence by our chosen design. Furthermore, the study was placed
in a COVID-sensitive scenario (Sec. 5), e.g., Kate pays attention to
COVID-compliant proxemics, thus the mask fits in well. Full-body
animations for Kate were taken from Unreal Engine’s MCOMocap
Basics4 and the text-to-speech engine IBMWatson5with “AllisonV3
with enhanced dnn” (American dialect, default speed, and pitch) was
used to generate the various utterances required. To simplify reading,
we refer to the ECA as Kate or by the pronoun “she” in the remainder.

4 BEHAVIORALDESIGN
Following the Media Equation Theory [42], we opted for a plausible,
human-like behavior of our ECA. Triggering of utterances and estab-
lishing formations are additionally grounded on the environmental
requirements given in Section 3.2. If not stated otherwise, the de-
scribed behavior is true for both conditions (𝐶𝑔𝑢𝑖𝑑𝑒 and𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛).

As locomotion behavior is our main interest, we identified four
logical units for visiting amuseum to structure the following descrip-
tions: ECAwaiting for a guest (Sec. 4.1), ECAwalkingwith the guest
to an exhibit (Sec. 4.2), both standing at an exhibit (Sec. 4.3), and,
finally, ECA saying goodbye (Sec. 4.4). To this end, our algorithmic
descriptions focus on the ECA’s locomotion-, gaze-, and formation-
related behavior. However, as speech is not only essential to inform
and to express personality, but also to explain or emphasize certain
locomotion behavior, we also state utterances of our study for sake
of completeness. To convey personality,we, e.g., added personal (e.g.,
“I especially like this one”), humorous (e.g., “Please followme, science
depends on it.”) or relateable (e.g., “It seems cuteness never loses its
appeal.”) statements forKate,while locomotionbehavior is explained
by statements such as “I have to ask you to followme”.

To adjust the ECA’s behavior, our algorithms provide various
parameters. Informal testing with colleagues in our study setup
allowed us to optimize the ECA’s behavior for our use case.
3The model represents Kate Marsh from "Life is Strange" by Square Enix, available here:
https://devhub.vr.rwth-aachen.de/VR-Group/Kate_FBX
4https://www.unrealengine.com/marketplace/en-US/product/
28fc3cc4332541e3b0037d67a65e5d6d
5https://www.ibm.com/cloud/watson-text-to-speech

4.1 First Encounter
In contrast to the first encounter between a user and an ECA in [38],
our ECA shares the user’s intention to initiate a conversation. How-
ever, to not hassle the user, he or she still initiates the first encounter,
based on proxemics, i.e., the interpersonal distance between both
interactants given as Euclidean distance. To this end, we introduce
an invisible, circular awareness zone [10] around the ECA with a
radius of 5𝑚, reflecting the public zone of Hall [23]. On entering
this zone, the user triggers the conversation preparation. The ECA
engages in mutual gaze and starts to approach the user. Although
the average walking speed of adults is 1.4𝑚/𝑠 [5], informal testing
resulted in 1.8𝑚/𝑠 . This slight speed up seemed more natural. The
ECA stops at a COVID-compliant, interpersonal distance of 2𝑚, re-
flecting the personal space [23], which automatically triggers the
ECA’s introduction. Identical information across both conditions
were the ECA’s name, her position as curator as well as the infor-
mation given about the museum and the current exhibition. The
ECA’s role description, of course, differed, once being “your tour
guide today” (𝐶𝑔𝑢𝑖𝑑𝑒 ), once stating that she “will accompany you as
you will explore our exhibition” (𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛).

4.2 Dynamic Transitions
Start of Exploration. To trigger the transition to thefirst exhibit, ut-

terances are used. For𝐶𝑔𝑢𝑖𝑑𝑒 , the ECAfinishes her introductionwith
“Please followme as we visit some examples from the archives.” and
walks towards her first goal defined in the annotated environment
withapproximately2.0𝑚/𝑠 (basedon internal testing),while footstep
sound is embedded to provide locational feedback [7]. In𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 ,
she prompts the user to go ahead with the words “Feel free to look
around and I will provide information wherever I can.” Then she
waits patiently for the user to walk towards the exhibits and follows.

Personal Space (PS). While walking together in either condition,
theECArespects theuser’sPS. For thisdynamic situation,weslightly
shrank the interpersonal distance compared to the static first en-
counter by 0.5𝑚 to, still COVID-compliant, 1.5𝑚, based on findings
in [8]. Furthermore, we simplified the elliptical shape of the PS found
by [8] to a circular safety zone. This is based on the fact that the
ellipse found was not very distinct. In addition, subjects in [8] were
confronted with a stranger, while the user and the ECA in our sce-
nario are supposed to establish a relationship, also allowing smaller
interpersonal distances while still feeling comfortable.

𝐶𝑔𝑢𝑖𝑑𝑒 . The ECA guides the user in a predefined order, encoded
in the annotated environment, through themuseum. To this end, she

Following
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Figure 2: Interplay of ECA (boxes) and user (arrow labels) in
the dynamic transitions of 𝐶𝑔𝑢𝑖𝑑𝑒 with 𝑑 denoting the inter-
personal distance betweenboth interactants,while𝑑𝑖 are cer-
tain thresholds to be defined per use case.
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Figure3:Dynamictransitions in𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛withECAoccupy-
ing the right frontal target slot: (a) Sketchwith all four target
slots. (b) Respective application screenshot with 110° FoV.

walks in front of the user and takes over the global wayfinding deci-
sions.As illustrated inFigure2, auser-awareECAtherebyneeds to re-
act appropriately to user actions. Three actions can be differentiated
by analyzing the interpersonal distance𝑑 between both interactants:
If the user follows the ECA, indicated by a rather constant𝑑 , the ECA
can continue guiding. If the user falls behind, indicated by an increas-
ing𝑑 , twopotential user actionsmaybe the cause: Theusermayhave
stopped to inspect something, e.g., an exhibit, or theusermayhavede-
parted from the route in order approach another location. Thus, after
a distance threshold𝑑1 is exceeded, the ECA stops and turns towards
the user, signaling a waiting behavior. If the 𝑑 now remains rather
constant, the inspection cause is assumed and the ECA shortly asks
“Are you coming?” and then waits patiently for the user to continue
following. If, however, 𝑑 still increases, the second cause is assumed.

If a threshold 𝑑2 is exceeded, the ECA starts walking towards the
user,withan increasedspeedofup to3.0𝑚/𝑠 .Thus, she isable tocatch
up, even if theusernavigateswith themaximal speedof 2.5𝑚/𝑠 . After
approaching the user to a threshold 𝑑3, the ECA addresses the user
and asks to follow her again (“I have to ask you to followme through
the museum. Science depends on it.”), before resuming the tour.

All three distance thresholds used in this straight-forward ap-
proach strongly depend on the environment given. For our study
scenario informal testing resulted in 𝑑1=5𝑚, 𝑑2=8𝑚, and 𝑑3=2.5𝑚.

On reaching the next exhibit, the ECA stops at a predefined loca-
tion, waits for the user, and then starts her explanations (Sec. 4.3).

𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 . The ECA accompanies the userwho is solely respon-
sible for the global wayfinding decisions. On detecting the user’s
interest in a certain exhibit, the ECA will provide information as
done in𝐶𝑔𝑢𝑖𝑑𝑒 . Since the ECA can be considered as temporarily re-
quired assistant [9], we opted for an omnipresent ECAwith a short
approaching time [7], definedhere as time span between recognizing
the user’s interest in an exhibition and her start of the respective
explanation. In contrast to [7], the ECA in our scenario is a compan-
ion with whom users should establish a relationship. ThisWith [20],

defined as group of at least two members maintaining ecological
proximity, perceived as being “together”, should be reflected in the
walking formation of both interactants. A common formation for
two people is abreast, defined as moving shoulder-to-shoulder [43].
In VR, especially with HMDs, this spatial layout is unfavorable due
to the user’s reduced field of view (FoV). Suitable walking positions
for the ECA have to meet four requirements: The ECAmust (1) be
in sight, (2) respect the user’s PS, while (3) being close and (4) not
occluding the user’s direct field of vision. To this end, we decided
to define two target slots (blue circles, Fig. 3(a)) located towards the
peripheral edges of the user’s FoV, so adapting the abreast formation
to a slight V-shape [43]. Informal testing resulted in slots at 1.5𝑚 to
the front and 0.8𝑚 to each side added to the user’s position.

If the user starts walking, the ECA reacts and aims for the closest
slot, trying to stay as close as possible (see Fig. 3(b)). To avoid col-
lisions between the ECA and the scene geometry, a raycast per slot
evaluates the presence of obstacles within the next 2𝑚 (blue lines,
Fig. 3(a)). If a slot is occupied by a soon to be collision, the ECA aims
for the respectiveother slot. If there is enoughreaction time tochange
the slots, the ECA passes the user behind his/her back to avoid run-
ning in front of his/her feet. If there is not enough time, crossing the
user’s field of vision is allowed. In case both frontal slots are occupied
soon by scene geometry, two backup slots (blue boxes, Fig. 3(a)) at
the user’s sides are temporarily available, kept outside the user’s FoV.

On motion initialization there is a slight delay between the user’s
and the ECA’s start. In addition, if the user turns on the spot, e.g.,
for 90◦, the ECA has to overcome a certain distance to relocate her-
self near a slot. To, thus, allow the ECA to catch up, her walking
speed is adapted with respect to the distance to the closest slot. An
exponential relation between distance and speed thereby allows
the ECA to quickly catch up while not moving too fast when being
close to the user. Informal testing resulted in the speed modulation
𝑣 =𝑣𝑢+𝑎 (𝑑−𝑐) , with the user speed 𝑣𝑢 , 𝑎=1.1, 𝑑 defined as distance
between ECA and closest slot, and 𝑐 = 50𝑐𝑚. The ECA’s speed 𝑣 is
additionally limited to twice the user’s maximal speed.

If the user stops, the ECA stops as well and turns towards him or
her, signaling awaiting behavior. Facing the user is thereby triggered
after a random time in𝑚𝑠 to show some behavioral variations.

To detect the user’s interest in an exhibit, the Euclidean Distance
between user and exhibit as well as the user’s gaze direction is eval-
uated. Based on [18], humans tend to keep objects of interest in the
center of their field of vision. Thus, we approximate the user’s vision

Figure 4: Detecting the user’s (represented asmannequin) in-
terest in an exhibit bymeans of a conical volumeofweighted
rays from𝜔 =0.2 (blue) to𝜔 =1 (red) in steps of 0.2.
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Figure5:ECAKate explainingmemeswhile alteringhergaze
between the user (left) and the exhibit (right).

cone by a conical volume of rays moving with the head as shown in
Figure 4. The exhibit hit by most rays is considered to be the object
of interest. Although a higher density of rays is given for the center
of the field of vision due to the conical volume, testing indicated
that the result was not accurate enough. Thus, we introduced an
additional weighting for the hit count, using a weight of 0.2 for the
outer rays up to a weight of 1 for the centric rays. If an exhibit is de-
tected as being in focus for a certain amount of time 𝑡 and if a certain
distance threshold 𝑑 is not exceeded, the ECA positions herself at
a predefined location and starts her explanation, as detailed in the
following section. Informal testing resulted in 𝑡 =1𝑠 and 𝑑 =4𝑚.

4.3 At an Exhibit: Formation & Interruptions
While the user is free to choose any spot in front of the exhibit, we
limit the ECA to a set of locations defined in the annotated environ-
ment.We used up to six locations, mostly located on a semi-circle. In
𝐶𝑔𝑢𝑖𝑑𝑒 the ECAwalks towards one of the predefined lateral locations,
allowing the user a centric position. In𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 , the ECA chooses
one of the locations such that one possible location remains free
between her and the user. By this, the ECA adds a safety distance to
avoid relocating herself in case the user still moves a bit.

Once both interactants are gathered in front of the exhibit, the
ECA starts the respective explanatory utterance. If it is the first ex-
hibit of the current room, she automatically prepends the utterance
introducing the theme of the respective room as preamble. While
explaining the exhibit, Kate alternates her gaze between the user
and the exhibit (see Fig. 5). For the exhibit she chooses the focal point
closest to the user. By this, she is always turned slightly towards
the user, inviting him or her to listen. By alternating her gaze, Kate
furthermore retains the user’s attention to the current exhibit [41].

On finishing her utterance, she pauses a moment in𝐶𝐺𝑢𝑖𝑑𝑒 to al-
lowtheuser a last lookbefore tellinghimorher that theyaregoingon.
Then she triggers the transition to the next exhibit. In𝐶𝐶𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 ,
the ECAwaits patiently for the user to resume the free exploration.

While explaining the exhibit, the ECA remains user-aware and
is able to react to three types of user actions. First, in case the user’s
attention wanders, recognized by the conical volume approach de-
scribed above, the ECA pauses her utterance, addresses the user
directly, by “Excuse me, am I boring you?” in𝐶𝑔𝑢𝑖𝑑𝑒 and “Actually
I wasn’t quite finished” in𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 , before resuming her expla-
nations. Second, in case of an approaching user who undercuts a
distance threshold of 1.2𝑚, she repositions herself to maintain her
PS and stick to a COVID-compliant distance. Thereby, she pauses
her utterance and resumes with the last word after relocating. For
the relocation, she eithermoves to the next predefined location away

from the user, or she locates herself on a central location if she is
already located at the last spot. For the latter, she passes the user’s
back, while respecting the user’s PS. A detour around the exhibit is
only taken if the user blocks all other possible trajectories to the new
location. Third, in case the user moves on and the distance towards
the ECA increases, her reaction depends on the behavioral condition
chosen: If the interpersonal distance exceeds a distance threshold𝑑1
for𝐶𝑔𝑢𝑖𝑑𝑒 , the ECA pauses her explanatory utterance. She tries to
reengage the user by informing himor her, that she is still explaining,
by “Excuse me, am I boring you?”, before resuming her explanation.
If the user stops and returns to the exhibit, the utterance continues
as planned. In case the user departs further exceeding a threshold𝑑2,
she will catch up, ask him or her to follow her again before returning
to the exhibit to resumeher explanation. This behavior is equal to the
catch-up used in the dynamic transitions. Both distance thresholds
strongly depend on the environment given. For our study, informal
testing resulted in𝑑1=5𝑚 and𝑑2=8𝑚 due to the sparse scene layout.

Exceeding 𝑑1 for𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 will trigger the same behavior as in
𝐶𝑔𝑢𝑖𝑑𝑒 , but with “Actually I wasn’t quite finished.”. However, when
𝑑2 is exceeded, the ECA abandons the exhibit and follows the user
with the utterance “Ok, let us look at something else then.”.

4.4 Farewell
For𝐶𝑔𝑢𝑖𝑑𝑒 , the ECA automatically walks to the tour’s final spot after
the last exhibition as defined by the annotated environment. There
she turns towards the user, engages in mutual gaze, which triggers
her farewell utterance. For our study implementation the ECA states
“This concludes our tour. I hope you enjoyed our exhibition and
maybeyouhaveeven foundan interestingpieceofknowledge to take
home. Goodbye and stay safe.” Then she walks off. In contrast to our
study, where the VR experience ends at this point, the user typically
has now the opportunity to revisit the museum on his or her own.

For𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 no definite end of the tour, in terms of time and
location, can be defined in advance, as it strongly depends on the
user’s actions and intents. Thus, users can quit the free, however,
accompanied exploration at any time on their own. Therefore, they
have to engage in mutual gaze with the ECA and press a designated
button on the input device.

5 EVALUATION
5.1 Subjects
Due to the COVID-19 health and safety restrictions of our lab, our
user studyhad tobeconducted ina smallwithin-subjectsdesign tode-
crease the amount of visitors. Eight subjects (7males, ages𝑀=28.875,
𝑆𝐷=1.899), recruited via a university mailing list, participated in the
study. All were right-handed and had normal motor skills. While
seven subjects had normal or corrected-to-normal vision, deutera-
nopia occurred once, which was, however, not detrimental for our
study. All subjects stated that they had already experienced virtual
agents in IVEs, while six subjects also experienced one or two real-
life guided tours. All subjects were naïve to the purpose of the study.

5.2 Procedure
On arrival, subjects were informed about the procedure of the study,
gave their informed consent and filled out the demographics ques-
tionnaire. After the experimenter introduced them to the health and
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Table 1: Subjects’ ratingswrt thebehavioral conditions (Mde-
notes themean, SD the standard deviation,Mdn themedian)

Shortened Statements 𝐶𝑔𝑢𝑖𝑑𝑒 𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛

𝑀 𝑆𝐷 𝑀𝑑𝑛 𝑀 𝑆𝐷 𝑀𝑑𝑛

Kate was easily understandable 1.625 0.484 2 1.875 0.331 2
Kate appeared competent 1.75 0.433 2 1.75 0.433 1.5
Kate was entertaining 0.0 1.225 0.5 0.625 0.857 1
Kate caused discomfort -1.25 1.09 -2 -1 .0 1.5 -2
Kate caused unease -0.5 1.581 -1 0.375 1.317 0.5
Kate respected PS 1.50 0.707 2 0.75 1.392 -1
Kate positioned logically at exhibit 1.0 1.322 1.5 0.5 1.0 0
Kate behaved weirdly at times -1.625 0.696 -2 0.5 1.323 0.5
Kate reacted generally appropriately 0.875 0.781 1 1.375 0.484 1
Tour was well paced 0.876 0.927 1

not applicableEnjoyed being guided 0.625 1.218 1
Enjoyed free exploration

not applicable
1.5 1 2

Walking with Kate felt natural -0.875 1.053 -1
Kate determined interest correctly 1.25 0.662 1

safety regulations, theywere immersed in the training room(redarea
in Fig. 1). As Kate’s mask automatically functions as introduction to
a COVID-sensitive scenario, we decided to mimic the real safety pre-
cautions customary at the time of our study in VR. To this end, Kate
spoke to them over a virtual radio, informing them that the museum
was currently cleaned and that they should use the short waiting
time to pick up items required for the exploration time, e.g., hand san-
itizer, an oronasal mask, and a brochure. By this cover story, subjects
got familiarwith the ECA’s voice aswell aswith the controller-based
navigation as they had to collect the items spread over the room.
After picking up all items asked for, doors opened (marked blue
in Fig. 1(a)), allowing a transition from the training room into the
entrance corridor of the museum. Here, Kate was waiting for the
subjects (location 1 in Fig 1(a)) and after approaching her, the study
began. The order of 𝐶𝑔𝑢𝑖𝑑𝑒 and 𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 was randomized and
counterbalanced. Per condition, Kate introduced herself and the
museum briefly (Sec. 4.1), followed by the respective exploration of
the museum. After each condition, subjects were asked to take off
the HMD to rate their experience by means of a questionnaire con-
taining the Slater-Usoh-Steed (SUS) presence questionnaire [48], the
Social Presence Survey (SPS) [2] as well as some questions regarding
preferences for the ECA’s behavior. Before the second condition
had to be experienced, subjects were allowed to do a short break
from up to five minutes before being immersed again. This time,
they started directly in the entrance hallway while being asked to
approach Kate. After experiencing𝐶𝑔𝑢𝑖𝑑𝑒 and𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 , subjects
were asked to fill out a post-study questionnaire with additional
free-text fields focusing on comparing both conditions. Afterward,
they were offered some chocolate as a reward and left. In total the
study took about 60min/subject, from which 36minutes were spent
fully immersed on average.𝐶𝑔𝑢𝑖𝑑𝑒 took thereby about 20min.

5.3 Results
For the standardized questionnaires, we used the proposed 7-point
scales (SUS: 1 to 7; SPS:−3=strongly disagree to 3=strongly agree). For
our complementing questions, we used a 5-point scale (−2=strongly
disagree to 2=strongly agreewhen considering one condition only,
1= Cguide to 5=Ccompanion when comparing both).

The mean SUS score for the reported sense of feeling present in
the IVE was𝑀=4.30, 𝑆𝐷=0.943 for𝐶𝑔𝑢𝑖𝑑𝑒 and𝑀=4.10, 𝑆𝐷=0.985 for
𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 , indicating a reasonably high level of presence [48].

Table 2: Preference ratings of our eight subjects.
Shortened Statements Answer Freq. 𝑀 𝑆𝐷 𝑀𝑑𝑛

... considered superior for learning. 2.75 1.561 2
I felt more comfortable with ... 2.5 1.414 2.5
...was more enjoyable. 3.25 1.561 3

𝐶𝑔𝑢𝑖𝑑𝑒 1 2 3 4 5 𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛

For computing the SPS score, we used the slight modification
proposed in [7]. An average SPS score of𝑀=-1.125, 𝑆𝐷=6.489 for
𝐶𝑔𝑢𝑖𝑑𝑒 and𝑀=-2.125, 𝑆𝐷=7.524 for𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 was reported.

Subjects were asked to rate their experience based on various
questionsdirectly after experiencingacondition.Table 1 summarizes
representative results, which were not statistically evaluated due to
the lownumber of subjects.No effects of orderwere found in the data.

The comparative questions asked after experiencing both condi-
tions, demonstrate two camps of opinion as subjects either voted for
the guide or the companion, shown inTable 2. Twice,we found slight
tendencies towards the guide and once towards the companion.

Finally, Figure 6 shows the trajectories taken by the ECA and the
subjects pooledover all runs fromthe start to the last exhibition room.
As expected due to the predefined order of exhibits, the trajectories
are more densely packed for𝐶𝑔𝑢𝑖𝑑𝑒 compared to𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 .

6 DISCUSSION, IMPLICATIONS &NEXT STEPS
Our goal was to find indicators whether subjects prefer exploratory
freedom (𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛) over being guided (𝐶𝑔𝑢𝑖𝑑𝑒 ). Each condition
was, however, preferred by four subjects, independent of the pre-
sentation order, not supportingH1. We also found a large 𝑆𝐷 for
both SPS scores, strengthening that the subjects were inconclusive
about how convincing the ECAwas as a human being. Nevertheless,
H2 can be confirmed, indicating that both behaviors influenced the
subjects’ perceived (social) presence equally. Besides, the results pro-
vide valuable insight on benefits and disadvantages of both roles in
the context of exploring social and cultural learning environments.

𝑪𝒈𝒖𝒊𝒅𝒆 was rated overall positive. Kate was well understood and
was perceived as competent, respected the subjects’ PS and didn’t
cause discomfort or strong unease. Even her rude statement “Excuse
me, am I boring you?” was rated neutral in terms of appropriateness,
while the five subjects who heard it agreed that Kate had a reason to
reprimand them. The majority of subjects enjoyed being guided by
her, although the entertainment level was rated rather neutral, while

CcompanionCguide

ECA Subjects ECA Subjects

Figure 6: ECA’s and subjects’ trajectories for all runs visual-
ized as heat map (normalized to [0,1], linear color mapping
gradient fromtransparent (0)overred (1/3) andyellow(2/3) to
white (1)); Rotated 90◦ counter-clockwise compared to Fig. 1.
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(b)(a) (c)

Figure 7: Examples of an ECA’s (blue) and a subject’s (green)
trajectories through certain exhibit areas.

the tour pace seemed to be appropriate. Interestingly, however, the
mean SPS score is surprisingly low, characterizing the ECA rather
robotic than human-like. This can be explained by some statements
of the subjects: Although some stated that they liked the structured
experience, the compulsion to focus on one particular exhibit at a
time, and that they were confident to not miss crucial content, they
also mentioned the very limited interactivity and the monotone,
however, robust, character of the tour. Approaching Kate too closely
resulted in pauses, which felt unnatural for some subjects, while oth-
ers stated that theymissed being able to skip content as possiblewith
a real human or interactive media. One subject even criticized that
the paths taken by Kate were always straightforward. Comparing
the ECA’s trajectories with the routes taken by the subjects affirms
this observation. The ECA’s paths are optimized for shortest routes,
resulting in walking close to walls or straight to another exhibit,
while subjects showmore variations and deviations in their routes.

The ECA in 𝑪𝒄𝒐𝒎𝒑𝒂𝒏𝒊𝒐𝒏 was also rated positive. However, some
scores were slightly lower. We assume this is caused by her locomo-
tion behavior. Although subjects enjoyed the free exploration and
that the ECAwas able to determine their interest correctly, walking
with Kate felt rather unnatural, resulting in an even lower SPS score
compared to𝐶𝑔𝑢𝑖𝑑𝑒 . Some subjects stated that it felt like pushing
the ECA around. Others were confused when the ECA “suddenly”
popped up in their peripheral vision when swapping sides. Despite
the embedded footstep sound, these subjects assumed that the ECA
was teleporting when being out of sight. Some subjects even experi-
enced inconvenient behavior when passing through rather narrow
corridors, as shown in Figure 7(a). Instead of following behind, the
ECA ran around the circular arrangement of panels and met the sub-
ject unexpectedly at the other side. Despite this unnatural behavior,
some subjects experienced𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 as more entertaining com-
pared to𝐶𝑔𝑢𝑖𝑑𝑒 . They also enjoyed being in control by exploring the
museum in their own pace, taking their time at interesting exhibits
and skippinguninterestingones.The interactivity and thenon-linear
structure were highlighted several times, while one subject men-
tioned to be unsurewhether he or shemissed something. Comparing
the subjects’ heat maps in Figure 6, however, reveals, that a compara-
ble amount of time was spent at the important locations. In addition,
some rooms were even explored more (cp. Fig. 6, room 5 at the top)
compared to𝐶𝑔𝑢𝑖𝑑𝑒 . It is also noticeable, that subjects used diverse
visiting patters (cp. Fig. 7(b), (c)) when exploring the scene. Interest-
ingly, seven subjects were reprimandedwith “Actually I wasn’t quite
finished.”, compared to five in𝐶𝑔𝑢𝑖𝑑𝑒 . Again, they stated that it was
justified, however, rated the appropriateness slightly lower.Afirst as-
sumption is that subjects considered their inattentiveness as impolite

thus accepting the reprimand, while being more sensitive to events
limiting their freedom of actions granted by the free exploration.

Based on the results,𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 needs an improvement by opti-
mizing walking as aWith [20]. More group formations in addition to
abreast [43] are required while developing strategies to reintroduce
the ECAwhen being temporarily out of sight. Considering visiting
styles of users [14] might support anticipating the route to be taken,
allowing an extrapolation in addition to a reactive local wayfinding.

Although the design and sample of the study are not optimal, the
results yield the following two implications: (1) The carefully de-
signedmuseum combinedwith our ECA are a feasible system to con-
ductbehavioral studies. (2) Neither aguidenoraknowledgeable com-
panionmeet all requirementsusershave towardsapedagogical agent
ina social andcultural application.Therefore, a compromisebetween
both conditions might be best suited for a larger user acceptance in
VR, allowing an interactive and adaptable, however, structured learn-
ingexperience.Users shouldbeable to influence the structureof their
experience to a certain degree, while the ECA ensures that no critical
information is missed. In case of the museum, users may be guided
from room to room by the ECA to deal with the topics in a structured
way, while exploring the rooms themselves in an accompanied fash-
ion.Leaving theroommaythenbenegativelycommentedbytheECA
if not all exhibitswere seen. Furthermore, the level of detail for the ex-
planations should be controllable, either directly by the user via natu-
ral languageorbyan intelligentECAinterpreting theuser’s behavior,
e.g., his or her attention level, at an exhibit either as bored or inter-
ested. A short summary should then be available for uninterested
users, while a detailed explanation should be given to curious ones.

There are several avenues for future work: After designing an
improved companion, a follow-up studywith a larger sample size in a
between-subject design will give further insights. This second study
can also be used to further evaluate the ECA’s role on spatial and ob-
ject memory as well as knowledge transfer, important aspects which
have been consciously neglected in this initial work. It may also
allow to investigate gender biases, while the ECA’s gender and the
museum’s exhibition theme need to be taken into account during the
interpretation of the results. Another important step is to design and
evaluate thenewECA’s role, detailedabove, and toevolve the idea fur-
ther. One aspect for extending the setting of future studies is adding
more social touch: Museums and other scenarios in the context of
social and cultural applications deal with communal places, thus
enlivening those places adds plausibility and realism to the overall
simulation.To this end, virtual staffandvisitors shouldbe included to
analyze the impactofdistractors andexternal influenceson theuser’s
experience aswell as tomeet the user’s nature of being a social being.

7 CONCLUSION
Using ECAs as pedagogical agents in VR-based learning environ-
ments becomes more frequent. Focusing on the use case of a virtual
museum, we thus evaluated user preferences regarding the ECA’s
concrete role: While𝐶𝑔𝑢𝑖𝑑𝑒 realizes the ECA as virtual guide, limit-
ing the user’s role to a passive listener,𝐶𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑜𝑛 realizes the ECA
as knowledgeable companion, allowing the user a free, accompanied
exploration. The results of a within-subjects pilot study yielded no
clear preferences to either role,while a promising idea for combining
both roles can be derived. The next step will thus be designing an
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ECA for an interactive and adaptable, however, structured learning
experience and evaluating the ECA’s behavior in terms of comfort,
knowledge transfer, and spatial knowledge.
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