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In computer animation, the creation of believable and engaging virtual characters
has been a long-lasting endeavour. While researchers investigated several aspects of
character design, not many studies focused on the qualities of biological human motion
itself. We approached the perception of motion from the perspective of distinct move-
ment patterns which can be observed on people with neurotic and emotionally stable
personality traits. We designed an experiment in virtual reality, using a photo-realistic
metro scenario, where we studied the avoidance behaviour of participants when en-
countering these two types of virtual characters in a constrained environment. We also
make a contribution by successfully implementing two behavioural measures in partic-
ular: a choice task, and a novel "turning point’ metric, which calculates the point in the
trajectory when people turned to avoid the character. Our results indicate that users’
behaviour is affected by character’s motion and we propose the use of these behavioural
measures to investigate other aspects of character motion in future research.
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1. Introduction

patterns are analysed with the intent to create variety in motion.

As the every-day exposure to virtual humans is increasing,
there is more incentive to understand their effect on people’s
perception. Animation is an important part of the character de-
sign and a considerable amount of research in computer anima-
tion is studying the traits of biological motion to create realistic
characters. The aim of such studies is often to generate arti-
ficial motion which appears natural, while distinct movement
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Not many studies focus on exploring the behavioural effect of
biological human motion, applied to virtual characters, on the
observers. Particularly when used for serious applications, such
as psychotherapy [1]], medical rehabilitation [2] and training in
VR, understanding how characters affect people’s responses is
highly relevant. For example, characters who are considered
pleasant to observe could inspire positive emotions, engage-
ment and cooperative behaviour of people [3} 4]. In our study,
we make a novel contribution by exploring people’s responses
to characters exhibiting personality traits which are considered
to be more pleasant (emotional stability) and less pleasant to ob-
serve (neuroticism) according to the appeal ratings in the study
of Zibrek et al. [5]. As both personalities have distinct move-
ment patterns, we anticipated that only by observing the char-
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the interaction experience in VR, most of them based on the use
of personal space (e.g., proximity or clearance distance).
Our main contributions in this paper are: a) the successful
implementation of a simple choice task (exiting the metro), b)
a novel metrics for trajectory analysis, suitable for constrained
spaces (turning point), and c) using these behavioral measures
to show a greater avoidance behaviour when in close proximity
to a character with neurotic motion as opposed to an emotion-
ally stable one.
The paper is organized as follows: we rst introduce the Re-
lated Work (Sectiop|2), followed by the Experiment (Secfipn 3),
where we begin by explaining our approach to the trajectory
Fig. 1. Metro§cenefrom ourexperimethithvirtual charact(_ers: “Cooper” analysis, describe how we created our stimuli and designed
S'\?ﬁ).,,e"p.' essing the neurotic personality with body and facial motion, and 1 axperiment, measures, and the protocol for participants we
uri” ( right) expressing the emotionally stable personality. .
used. In Results (Sectigr} 4), we analyse the responses to the
subjective and behavioral measures of participants in our ex-

acter's movement, the users will react to these motions with geriment. We discuss our ndings in the Discussion (Segfion 5)

particular behavioural response which would signal positive oPnd conclude the paper in the Conclusion (Segflon 6).
negative attitude towards them.

Current work contributes to the understanding of how the vir-2. Related Work
tual characters with distinct personalities can in uence the be-
haviour of an observer immersed in a highly constraiféed [6], en2-1. Perception of Human Body Motion
closed virtual environment. The interest to investigate this type Several studies focused on the perception of human motion.
of environment is motivated with many real-life-inspired sce-Early work in this area [g.]9] showed that people are very sen-
narios which have constrained-space nature, for example shopstive to the perception of human motion and can perceive com-
transport, bars, etc. We explore if we can outline speci ¢ beplex information from it (gender, emotions, etc.). With the de-
havioural features, particularly in the participant‘s Walklng tra- Ve|opment of 3D graphics’ studies ana|ysed human motion by
jectory, or would these dierences be fully extinguished due to applying it to virtual human models. It was found that the body
constraints of their maneuver space. Our proposed constrainggpresentation of virtual characters can additionallga the
environment revealed some signi cant features in users' locoperception of motion, for example, in a way that it obscures
motion, showing speci ¢ meaningful patterns in their behav-naturalness10].
ior depending on the character's personality in their proximity. There have been attempts to classify or describe human body
To measure this, we analyse the participant's trajectory datanotions, e.g., expressivity [L1, 12], emotions][13], aesthet-
which contains rich information about participant's behaviour.ics [14,[15] or distinctiveness [16]. Rudolf Labdn [17] devel-
In addition, the highly-constrained environment enabled us t@ped a method for Categorising qua”ty of human movements
create a simple decision making task, where we could easilyalled the Laban Movement Analysis (LMA) with descriptors
categorise peoples' preferences. such as timing, space used, posture and intention.

We designed a simple task in VR, where the user walked Body motion can also reveal personality traits. The “Big
through the metro and exited by selecting one of the doors t&ive” personality theory [18] describes a hierarchical model of
the right or left (see Figufig 1). In front of each door, there wagersonality traits with ve broad factors (Extraversion, Agree-
either a neurotic or emotionally stable virtual character. Theableness, Conscientiousness, Openness to Experience, and
user had to rst pass between both characters and then avolimotional Stability). There have been attempts to describe
one of the characters to exit. We anticipated that in doing sdhody motion and gaze behaviour related to these personality
the user's choice of doors and walking trajectory will be im- traits [19) 20| 211/, 22]. A subset of these factors have distinctive
pacted: we expected people will try to maintain a larger permovement patterns. For example, neuroticism is the polar op-
sonal space around the neurotic character or choose to exit Ippsite of emotional stability, where neuroticism is described as
passing the emotionally stable character when given a choicbeing anxious, easily upset, negative and oversensitive.dfle
To identify the behavioral changes, we implemented a novel traal. [23] found that neuroticism is associated with body move-
jectory analysis approach (turning point), which would identify ment, which include rapid movement, indirect gaze and ges-
the distance at which the user would turn around the charadures, and self touch. On the contrary, emotionally stable people
ter to avoid it. This measure is similar to the deviation pointexhibit calm, controlled and directed gestures.

(see, e.g., Bourgaize et dll [7]) but is speci cally designed for a While people can recognise and categorise the information
constrained space. In smaller spaces users need to avoid cofiiem body motion of virtual characters, not many studies eval-
sions while maintaining personal space, as describedins&h  uated their eect on perceivedippeal Appealing characters

et al. [6], so we propose that the turning point could capturere likable, induce pleasant emotions, are trustworthy and in-
subtle aspects of human behaviour in this restricted space. Vépire cooperation [4]. Studies in VR found that characters with
also implemented several well-known metrics for evaluation ofattractive motion are allowed closer into the user's personal
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space [24] and characters exhibiting positive emotions facilistudy by Zibrek et al. [24] found that a character with an attrac-
tate interaction [3]. A non-VR based study by Hoyet et al. [16]tive walking motion will be allowed closer into one's personal
found that symmetrical walking motions were perceived to bespace.

more attractive than distinctive ones. Another study in VR by In this overview of the research, which studied the perception
Bonsch et al. [25] demonstrated that expressions of negativef virtual characters in VR, the experiments often lacked natu-
emotion (anger) increase the users' personal space, signalinganess. For example, a participant needed to stop an approach-
discomfort with the character. ing virtual character by pulling the trigger of the controller [24].

To our knowledge, the ect of the character's motion de- In our experiment, we are proposing a familiar daily task, where
pending on its personality traits has not been directly investipeople could use natural locomotion to walk through the virtual
gated yet. Neuroticism (as opposed to emotional stability) wagsnvironment while avoiding virtual characters.
found to be a less pleasant trait of the person or virtual charac-
ter [26, 5]. For this reason, the use of personal space and lo-
comotion trajectory of the user could beexted. We describe 3. Experiment
these behavioral measures in more detail below.

The aim of this experiment was to use behavioral measures
to evaluate the response to virtual characters who display dif-
ferent personalities. We chose a scenario, where participants

Since VR can enable a relatively controlled and ecologicallywould not need to interact but only observe and avoid the char-
valid experimental environment, behavioral measures are ofycters in a small, restricted space. We also wanted the task to
ten used in VR to study human perception [27]. These mearesemble a daily-life scenario, therefore, the 'metro scenario’
sures are considered to be objective as people cannot contighs chosen, since in a metro people need to make their way to
these types of responses, since most are not available to coffre exit door while avoiding other people. Due to a constrained
scious interpretation. Behavioral responses can be re ected ignvironment, we anticipated the user's trajectory would be af-
the choice the person makes in the experimental condition, e.gected and some of the previously used metrics icient. For
approaches a speci ¢ virtual character in a crowd of characthis reason, we developed our own trajectory analysis approach

ters [3]. Other examples of behavioral measures include analysee Section 3.1), to explore the behaviour of the user engaged
sis of eye-gaze behavior (e.g., number of gaze xations onto @jith virtual characters in VR.

character) [28, 29, 30] and analysis of human locomation.

_ The experiments based on Ioco_motlor‘n in \_/R are beco_m—3_1. Trajectory Analysis
ing more frequently used as a participant's trajectory contains

rich information about his experience while performing daily In order to nd the approach to the trajectory analysis which
tasks, encountered in physical reality. The unconstrained trawould best t our requirements, we rst explored already exist-
jectories produced during virtual walking can be analyzed geing metrics.

ometn_cally and temporally, w_h_ere task completion time, trav- Turning Pointis a novel metric similar to the deviation point
eled distance, number of collisions [31, 30] can potentially re-

. \ . ) - . [7]. The deviation point is a point on the walking path, when
ect participants' con dence in their decision, emotional com- - , : ?
, .. a participant's medial-lateral centre of mass deviates from the
fort, etc. In the study of Perrinet et al. [32], where a partici-

. . L straight path by a threshold distance. The rationale behind this
pant walked alongside an emotionally expressive virtual charac-

) . . . mqetric is that the deviation point will appear earlier in the tra-
ter, metrics such as walking speed, interpersonal distances an .
jectory, when people feel uncomfortable of approaching the ob-

relative position of a real to a virtual human, were proposed. : s . .
. . stacle in close proximity [7, 34]. This approach was not suit-
The avoidance and maintenance of personal space around Vvir: . : . ;
ble in our case, since we intended to conduct our experiment
tual characters allows us to understand how people generate . ; : )
. : : . o in a smaller space with a restricted walking areamf 23:5m.
their locomotion trajectory in a social situation [33, 7, 34, 35]. o . .
L . . . _"Contrary to the deviation point, where the user deviates from
This is re ected in the trajectory length [36], average trajec-

. 2 ._a straight line to avoid collision with the virtual character, the
tory curvature, maximal lateral deviation and clearance dis- : . : -
al in our task is not in front of the participant but to left or

tance [34, 33, 37, 30], i.e. the shortest distance between D

participant and the virtual character found during the avoidanc%ght’ forcing the parﬂupaqt .to trn in one .dlr.ectlon. and'av0|d
task. e character. We thus anticipated the deviation point will have

These studies in VR have identi ed some distinctive loco-2 di erent pattern — the participants would walk further to pass

. - . N the unappealing character. Therefore, we renamed our mea-
motion patterns of humans in interaction with virtual charac- . . ) . X .
ure toTurning Pointand calculated it as an intersection point

o S
ters [6, 37, 36]. For example, people avoid virtual humans Wlﬂbetween two linear functions approximating a path curve of

alarger clea_ra_nce_ distance than virtual obstacles [34], likely bethe participants' trajectories of the HMD position in the virtual
cause of anticipation of movement [38]. Indeed, a study by Leée : .
. . -~ Space. We identi ed only one turn event, so the path could be
et al. [39] showed changes in walking speed and observatio . . . .
. - . . approximated with only two lines (see Figure 5).
ratio when avoiding a moving obstacle, however, the avoidance

was shorter when passing repetitive (jumping) behaviour since Minimum distancéor clearance distance [34, 30, 37]) is cal-
it was predictable. Other studies by lachini et al. [40] haveculated as the Euclidian distance between the center of mass of
shown importance of sex and age of the virtual human, and the character (in our case, center of mass of the bounding box

2.2. Behavioral measures in VR
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of the character in the virtual environment) to the closest poiniccompanied with a green light and a sound. The time from the
in the user's walking trajectory [24]. start of the condition to the door opening event was 20 seconds.
We also used unintelligible conversation audio to increase the

Clearance areas similar to clearance distance and is based . )
. { alism of the scene and to mask any sounds from outside of the
on a concept of personal space across environment factors [41]. " . o o
perience. The transition between the conditions was seam-

But instead of it being one point in the trajectory, it describes th - : ;

- ) ._less, indicated only by the appearance of virtual boards in the
area between the character and part of the participants trajec-n ironment which instructed the participant to turn and walk
tory. Clearance area is calculated as the area of a sector boun 2y o o P P .

. . . : . _back to the initial position (marked on the oor). This way, the
with a curve of trajectory and two perpendicular lines, crossin . ) . L
: . articipant had an impression of remaining in the same part of
the center of mass of each character in parallel with the axes X : . .
; . : the metro during the entire experiment.
and y correspondingly, as shown on Figure 4. We indenot25

from the center of mass of each character along the y-axis ar@haracters. MetaHuman{) characters were downloaded to

cut o the end of all the trajectories, as pre-experimental tri-our project via Unreal Bridge, which enables free access to

als sho:;ved tha:]pafrtlupﬁnts rt]end to make supplfemen';]ary MOVBhoto-realistic, fully rigged virtual humans for body and facial
ments due to the fact that they are going out from the Metroy ;i ation. Several MetaHuman characters were downloaded
so the end of trajectory cqntamed non-predictable artefacts %hd used to populate the metro in the training condition. In the
speed decrease, head motions, etc. i .. experimental trials, we used two male characters named Cooper
We expected that the clearance area will be a more swtab@nd Yuri in the MetaHuman creator (see Figure 1). Male char-

metrlp than thg minimum d|§tance, since It als_o Incorporates -ters were used to match the gender of the performing actor.
the di erences in clearance distance when passing the character

frontally or laterally [34]. Also, the trajectory of the participant Animations. To record the animations, we invited an actor to
when avoiding the obstacle can occasionally be corrupted witQerform a series of motions while wearing the Xsens 3D mo-
walking oscillations. This was particularly the case in our re-tjon tracking suit. We asked him to portray two types of per-
stricted space scenario, where the trajectory was signi cantlonalities, neurotic and an emotionally stable, by focusing on
shorter and not straight as in [34], where the participants had tghe nonverbal behavior. We gave speci ¢ instructions on the
walk a total path of 8m. Therefore, we expected that the acCuype of motions he needs to include in his performance (see
mulative information represented by the clearance area woulgiapje 1). The descriptions of personality were based on the
more accurately represent the personal space preserved bygdies of personality trait descriptions [18], head and gaze be-
participant. haviour [21, 20] and body motion [42, 23]. The actor acted out

Completion timevas measured in milliseconds from one me- @ dialogue between the neurotic and emotionally stable char-
ter on x-axis after the start trajectory and to the end of the tra@Cter by switching the roles, where the neurotic character was
jectory used to calculate clearance area [31]. We cuhe rst ~ asking for a phone and the emotionally stable character did not
meter of the trajectory to ensure that walking speed is not afish to give it to him. We did not record the voice of the actor.

fected with secondary factors, such as hesitation at the start g€ facial animations were recorded using the iPhone Live Link
the task. Face app. The app uses the iPhone's depth camera to detect the

_ ) ) actor's face, overlays it with a virtual facial mesh and sends and

Before analysing the trajectory, we applied some standardiores the deformation data in the form of action units directly
treatment to the trajectory data we collected, e.g., removing i, the MetaHuman character in Unreal 5. Recordings were
artefacts such as medio-lateral oscillations due to stepping aGpprox. 1 minute long.
tivity and frame drops from the raw trajectory path. Since ' \yhjle facial animation was recorded directly on the MetaHu-
the simulation did not have a constant rate, we temporally reéqan characters in Unreal, the body animation was retargeted
sampled the data at 40 fps and applied a Butterworth low-pasgom the default Xsens skeleton to the MetaHuman skeleton.
lter with a cuto  frequency of 1 Hz [28]. We reviewed the neurotic and emotionally stable recordings and
N . selected the ones which were the most representative of the de-
3'2'_ Stimuli Creation ) _scriptors presented in Table 1. We used Maya 2022 to clean the
Environment.We used the latest version of Unreal Engine 4nimations for jitters and other tracking issues then exported the
(5.0.1) and a freely available asset at the Unreal Marketplacg 5| animations in the proprietary le format Filmbox {bx)

TaH H »5 H H
City Subway Train Modular™. We used the interior of the g5 15 the Unreal project, where they were applied to the char-
metro (see Figure 1) with some adjustments to the original ters and looped.

scene to make it appropriate for VR (e.g., remove excessive and \ye 150 recorded and retargeted some idle motions of female
dynamic lighting, deleting 3D objects in the background, etc.)yng maje actors standing or sitting in the metro to populate the
but aimed to keep realistic materials and re ections to PreseNVgaining condition of the experiment. This was done in order

the realistic appearance. We also added an HDRI backdrop ¢f gisplay a populated metro scene to increase the presence in

a train statiorf. We added the animation of exit doors openingyr \We used several MetaHuman characters obdént gen-
der, which matched the actors', to display these animations.

Shttpsi/www.unrealengine.cofmarketplacéen-USproductcity-subway-
train-modular
Shttpst/polyhaven.corta/dresdenstationnight "https{/www.unrealengine.cofan-USMetahuman
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Table 2. Experimental conditions.

Table 1. Descriptors for emotionally stable and neurotic personality traits ObStr“_C“”Q either th? left or right door, and ES p'aced, at_ the
and their corresponding body, gaze and head motion behaviour. opposite side (see Figure 1). These conditions would indicate
if participants chose to avoid a particular character more often

. . _ than the other one.
The scene was only used for the training trial and at the mid-

dle of the experiment (participants could remove or readjust Conditions 6-9: forced choice of doors where participants
their headset, etc.), since analysing participant's data with mor&/€re forced to walk around each character personality on each
than two characters was out of scope of this experiment. In the'de. These conditions were designed to study the trajectory
experimental trials, only the Yuri and Cooper characters wer&round a particular character (NE or ES) and identify potential
featured. di erences in the trajectory when exiting left or right.

We assigned the neurotic animation either to the Yuri char- Ve hypothesised that:

acter and emotionally stable to the Cooper character or Vicq. character's personality expressed with body and facial mo-
versa before the start for each participant in order to control  tion will a ect the choice of exit. We expected that partic-

for any e ects of appearance on motion perception. After, this 55 will choose the exit behind the ES character more
assignment was kept constant for the participant throughoutthe  Jfian than the NE in conditions 4-5.

experiment. We did this so the participants would have a sense
that the characters possess distinct personalities (humans do ht: character's personality expressed with body and facial mo-

tend to change personalities in the physical world). tionwilla ectthe trajectory. We expected that participants
will avoid the NE character to a greater extent than the ES
3.3. Experimental Design in conditions 6-9.

To explore how the motion related to personalities of virtualH3: gender aects the trajectory. Female participants will avoid

characters in uences the users' responses in VR, we set up dif-  all characters to a greater extent than male participants.
ferent experimental conditions in the virtual metro. We used

the characters Cooper and Yuri, to which we applied either the N order limit the exposure time, we avoided having too many
neurotic (NE) or emotionally stable (ES) animation, with one'epetitions of conditions. For this reason, 2 repetitions were
participant seeing one combination throughout the whole exchosen for each condition. The repetitions were organised in
periment trial (e.g., NE on Cooper and ES on Yuri). In someblocks, where participants saw one repetition of a random con-
conditions, the metro would be empty but in others, the chardition in the rst block and the second repetition randomized in
acters were partially obstructing the left and right exit door, sghe second block. The repetitions were included in the analysis
people would need to avoid the character to exit. We also int0 identify if the responses to characters changed through time.
cluded free choice of exit (both doors open) and forced choicd e experiment was approx. 25 minutes long.
(only left or right door open).

In total, this resulted in 9 combinations (see Table 2): 3.4. Measures

Conditions 1-3: empty metro, with either free or forced In ourexperlmeljt., we collected subjective and behavioral re-
sponses from participants.

choice of doors (left or right). We used these conditions to in- . - . .
) . . . In order to validate that participants can recognise the in-
vestigate the walking trajectory of the participants when ther . . S .
i . . . ... fended personality traits, we usedbjective responsesn the
was no character obstructing the exit. This would give us initial . . L ' .
. S o . . form of a questionnaire constituting of 7-point Likert scale
information if participants were behaving dirently when the . .
items (1 - Not at all, 7 - Extremely). We used 2 items from
metro was empty to when the characters were present, and . . . .
: . . the Ten Item Personality Questionnaire [43] which measure the
they were selecting one side of the metro more readily than the . : e . .
other personality traits of neuroticism and emotional stability. We re-
' formulated the questions to address the personality of the char-
Conditions 4-5: free choice of doors with the characters NE acter (see Table 3).
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We also measured the feeling of presence, social presence
and embodiment (described in Table 3), again on the 7-point
Likert scale. We included these measures to collect more infor-
mation about the VR experience of the participants. We used
the Social presence questionnaire [44], with the modi ed ques-
tion 2 where we omitted the words “watching me” as we did
not implement the eye-gaze of characters. We added one cus-
tom question about the presence in the virtual environment. We
did not implement the whole gquestionnaire since we only used
it as a control question which was not a part of our statistical
analysis. We anticipated that the behavioral response itself will
be a strong predictor of presence, or rather place and plausi-
bility illusions as discussed in Slater et al. [45]. Similarly, we
selected only the relevant questions of agency and body owner-
ship from the Embodiment Questionnaire [46] as ernbOdlmenlrlig. 2. Top view of the virtual environment space and distances from the

was not the focus of our study. starting position, towards the exit doors and between the two character
positions.

Table 3. Subjective response questions arranged by questionnaire and

ftems. characters and VR to be medium. All participants signed the

consent form which was approved by the internal ethics com-
mittee.

Exclusion Criteria. Among the behavioral responses, 15 par-
ticipants had tracking issues for one repetition from the 9 con-
ditions, and 2 participants were missing 1 full condition com-
pletely. Even though most of these participants had at least
one repetition for one condition, we chose to have a strict ap-
proach and only include data of 21 participants (7 females and
14 males) in the nal analysis. We compared this analysis with
the analysis on the sample of N37 with missing values and
found similar results. Therefore, while lower in powerthe
analysis on the reduced sample is representative and we do not
report the analysis on the full set of participants in this paper.

3.6. Apparatus
At the end of the questionnaire, we added an open-ended

question where the participants could comment on the charac- The participants were wearing the HTC Vive Pro headset
ters and their VR experience. We also asked if they experiencegith controllers. In the VR environment, they could see the
any dizziness or sickness after the VR experience. controllers with realistic virtual hands attached to them - this
For thebehavioral responseswe were interested in two re- was to ensure some reference of their body in the virtual space
sponses: choice of exit doors and kinematics of the trajectorys this could aect avoidance behaviour. They were moving
We already described our approach to the trajectory analysiirough the virtual metro by walking in physical space while
in Section 3.1. The choice response was labelled as “left” otheir headset was tracked. The walking distances were limited
“right”, depending on the side of the door chosen in each exto the tracking area and the length of the headset cabha)(10
perimental condition. This measure was used primarily to tesih order to enable a comfortable and non-restrained locomotion

the rst hypothesis (H1). of the participant (Figure 2). Their eye-height was set to be on
o the eye-level of the characters to avoid the heighdaing the
3.5. Participants avoidance pattern and we also did not include eye-contact of the

38 participants took part in our experiment, 14 females angharacter with the participants since this could alsec avoid-
25 males, with an average age of 28 years ( 6:6). Partici- ance behaviour [44]. We also reset the position of the headset
pants were predominantly European (32), with the exception oh each condition to have exactly the same starting position for
4 Canadian and two Chinese participants. 15 participants hadthe analysis of the trajectory.
high level of familiarity with computer generated characters and
19 of them had a high level of experience with VR. 4 partici-

pants reported to have no prior experience with computer gener- 8An a priori N size calculated with G*Power for ANOVA repeated mea-
ated characters or VR. The rest estimated their experience witlures, within-between interactions, with theet size= 0.2, was 34 subjects.
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3.7. Procedure 2:03;S D = 0:70) was perceived as signi cantly less emotion-

- . ally stable than the ES charactér € 3:57;SD = 1.07), as
The participants rst signed the consent form and were thenanticipated (19)= 4:35; p = 0:000)

explained the task before they entered the VR environment. The While we designed the personality of characters based on

task was to remain in the starting position until the doors of thernotion alone, the appearance of the characters could have af-

metro open. Then, they have to walk towards one of the exit . ) . :
doors on the left or right side of the metro. They were told thafected the perception of their personality traits. We therefore

. . evaluated if there was a derence in perception of the person-
sometimes the metro would be empty and other times the sce P b P

X . Wity traits based on the character model. The number of partic-
will contain some characters. They were asked to pay attentio y P

.. -Ipants with reversed models was not balanced: 12 participants
to these characters before exiting. They were also told that 's@aw Cooper with neurotic motion while 8 participants saw Yuri

some cases they could choose which side to exit from, but they, o rotic motion. Therefore, we conducted a Kolmogorov-

glg;{t?gg?:n;’ehreo?z 22;?@233%;?#{;}”9;232 nohch0|ce b_u_ mirnov Two-Sample test for the ratings of emotional stability
. I ) uning where palrtlcseparately for the NE and ES character depending on charac-
ipants were familiarised with the environment and the task. l&er model (Yuri NE:X = 2:25SD = 0:89 vs. Cooper NE:
also contained multiple characters and participants could freely _ 1:88SD = 0_53_ Yur.i éS'T( _ 3'_54_3[') — 116. Vs '
explore the metro until they exited the door. They could alsoCoopér E& _ 3'6?;'8 b: 0:99) .but , éig’ni g .ere,nceé

see their virtual hands. At the exit, they were told they are nof ere found. T '

actually leaving the metro but need to turn around and go bacw There was also no @ct of Gender (N females: 6, N males:

to the initial position marked on the oor with a green “X”. . : : .
Boards also appeared in the environment to guide them throu #) on the personality ratings with the Kolmogorov-Smirnov
wo-Sample test (ES character: Females: 3:83;S D= 0:81

D e PO e o ales: % = 346,SD - 117, NE character. Femals
Y = 1:920;SD = 0:38 vs. Males:Xx = 2:.07,SD = 0:81).

asked to remain in the same place until the doors opened. Af: . ;

. ) L . T'he proportion of female to males is not balanced therefore the
ter these instructions, the participant put on the headset W'tpesults should be interoreted with caution
the controllers and completed the tasks independently. After P '
the VR trial, they removed the headset and controllers and were

asked to answer the questionnaire. 4.1.2. Presence
Participants reported a realistic feeling of being in an actual

metro in their free form comments and with the Presence ques-
4. Results tion analysed by the Wilcoxon Signed-rank test with the test
value 3 & = 3:80;S D= 0:83,W = 138 p < 0:002).
The procedure of analysing results was the following: where
the normality assumptions tested with Kolmogorov-Smirnov4.1.3. Social Presence
& Lilliefors test were satis ed, we used the parametric sta- fqr Social Presence, we calculated the nal score for each
tistical analysis to explore potential dirences between con- participant over 5 scales (Cronbach's= 0:84). The scores
ditions (paired sample T-test, repeated measures ANOVA) Qfyere normally distributed, therefore, we conducted a one sam-
used their non-parametric equivalent if the assumptions WerBle t-test with the mid-score value of 20 (min 5, max =

not met. We also corrected the p-values if the sphericity as35) and found that Social Presence was Iaw=(13:8;SD =
sumptions were not met for the repeated measures ANOVA usz.37- t(19)= 8:24; p= 0:001).

ing the Greenhouse-Geisser correction.

N 4.1.4. Embodiment
4.1. Subjective Responses We used two scales, Ownership and Agency, which we added

As mentioned previously, for consistency, we report only thel® @ nal score of Embodiment (Cronbach's = 0:71). The
results on a sample of 21 participants which have complete béVilcoxon Signed-rank test with the test mid-score value 6 (min
havioral data. One participant did not answer the questionnairg 2, max= 10) showed that Embodiment level was signi cantly

so we included the data of 20 participants in the following analNigher than the test value, showing that participants had a feel-
ysis. ing of embodiment in the virtual environmerk € 7:3,;SD =

1:94; W = 501, p < 0:001).

4.1.1. Personality Perception ) )

First, we inverted the value of the item measuring neuroti—4'2' Exit Choice
cism for all participants and calculated the Cronbach's Alpha Conditions analysed here are all the free choice conditions (1,
level for both neuroticism and emotional stability and found4, 5), see Table 2. The data was treated in the following man-
them to be su cient (neuroticism: = 0:73, emotional sta- ner: if participants chose the same door in both repetitions, we
bility: = 0:85). We proceeded by averaging over the twolabeled the response 'Left' or 'Right’, depending on which side
items and tested the normality of distribution for the NE andof the metro they exited. If participants chose @ient doors in
ES characters. Since the distribution of data was normal, weach repetition, we marked them as 'Mixed'. We analysed the
conducted a t-test which showed that the NE charadter (  percentage of participants in each label.
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factors Repetition (2 levels) and Condition (9 levels) and Gen-
der as a between group factor. We found noetlence in Rep-
etition or Gender but a main ect of Condition was found
(F(8;152)= 43713 p = 0:000, % = 0:697). A closer investi-
gation with the Bonferroni post-hoc showed that the rst three
conditions (the ones not including the character in the scene)
had a turning point earlier in the trajectory (see Figure 6 for de-
scriptive statistics). This was expected since the participants
moved directly to the exit doors which were not obstructed,
therefore, turning earlier. There was no signi cant eience
in the turning point between the rst three conditions analysed
with repeated measure ANOVA but there were signi cant dif-
Fig. 3. Percentages of choices for the door on the left or right, as well as  ferences between the rst three Conditions and the last six, con-
mixed choices for the conditions 1 (empty metro), 4 (NE left) and 5 (NE  taining charactersy< 0:000).
right). Since the trajectory path of the empty conditions was very
di erent to the ones with characters, we analysed the turning
points for the conditions with characters in a separate analysis
and chose a Bonferroni correction of the alpha level for two sep-
arate testsp{ = 0:025). A new repeated measure ANOVA was
conducted on the remaining 6 conditions and we found a main
e ect of Condition F(5;95) = 4:238 p = 0:002 % = 0:182).
We then conducted a Bonferroni post-hoc and investigated sig-
ni cant di erences. It revealed that the turning point in Con-
dition 6 was signi cantly further in the scene compared to the
Condition 8 p < 0:021). This shows that participants walked
further before turning to exit the left door when the NE charac-
ter was obstructing it compared to when the ES character was
obstructing their way, but only on the left side, so both the char-
Fig. 4. Clearance area computation example for two paths of avoiding of  acter and side of the exit @cted the turning point.
ES ar_]d NE character (con‘di‘tions 8 and 9). We can see that the clearance There was also a signi cant derence between 6 (forced left
fhrzst'z Esrgfr:av::cet;é participant is forced to turn close to NE character exit with NE character) and 5 (free choice, NE on the right
side)(p < 0:014). The freedom to choose any door made it
- o possible to walk around the character of their choice but we
For Condition 1, we got similar percentages for all three la-515 found a signi cant dierence depending on which side the
bels, showing that there was no particular preference for theparacters were obstructing. Condition 4 had the turning point
side of doors when the metro was empty (see Figure 3), Chigigni cantly further away than Condition 5(< 0:014). This
square Proportion test for N samples showed no signi cant difoy|d he because we found that participants chose to go around
ference between the proportiong(2) = 0:89; p = 0:64). _ the NE character more often in Condition 4 (see Figure 3). Itis
In Condition 4, we see a stronger preference for the right doofynortant to note that due to free choice of exit, we do not have
as opposed to the left (see Figure 3), but also a high amoun{ pajanced dataset of turning points for NE and ES characters.
of mixed choice, however, the Chi-square showed a signi canfy, order to compare these turning points to the ones where par-
di erence between the percentage¥?) = 8:67, p = 0:031). ticipants were forced to walk around the assigned characters,
In Condition 5, we registered a stronger preference for thgye could only do a non-parametric evaluation. This was to de-
left door (see Figure 3), with Chi-square showing a signi - termine whether the turning point around a particular charac-
cant di erence between the three condition&(®) = 109;p= ter was di erent when participants had a choice as opposed to
0:004). ] ] ] ] when they did not. We conducted a Wilcoxon Matched Pairs
We were also interested to know if the choices of exit wouldtest petween conditions 4 and 6 (NE on left), 5 and 9 (NE on
depend on _Gender of the participant. We conducte%(a)_test the right), 4 and 7 (ES on the right), as well as 5 and 8 (ES on
of association where we compared the percentagerdnces he |eft), per repetition. No signi cant dierences were found.
in choices depending on Gender and found that for all thregye conclude, that forcing the participant to avoid a particular
Conditions, there were no signi cant derences between the character as opposed to the participant choosing the character
choices of females and males. freely, did not change their turning point signi cantly.

4.3. Trajectory Minimum Distance.In order to analyse the minimum dis-

Turning Point. To analyse the turning point, we rst evaluated tances, we selected the conditions where participants were
the normality assumption in order to determine whether to uséorced to walk around a particular character and conducted
a parametric analysis. The data was distributed normally, therdhe repeated measures ANOVA with factors Repetition (2) and
fore, we conducted a repeated measure ANOVA with withinCondition (4), and a between factor Gender (2). We got a main
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