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Abstract— Social Robots in human environments need to be
able to reason about their physical surroundings while inter-
acting with people. Furthermore, human proxemics behaviours
around robots can indicate how people perceive the robots and
can inform robot personality and interaction design. Here, we
introduce Charlie, a situated robot receptionist that can interact
with people using verbal and non-verbal communication in a
dynamic environment, where users might enter or leave the
scene at any time. The robot receptionist is stationary and
cannot navigate. Therefore, people have full control over their
personal space as they are the ones approaching the robot. We
investigated the influence of different apparent robot personal-
ities on the proxemics behaviours of the humans. The results
indicate that different types of robot personalities, specifically
introversion and extroversion, can influence human proxemics
behaviours. Participants maintained shorter distances with the
introvert robot receptionist, compared to the extrovert robot.
Interestingly, we observed that human-robot proxemics were
not the same as typical human-human interpersonal distances,
as defined in the literature. We therefore propose new proxemics
zones for human-robot interaction.

I. INTRODUCTION
Social robots are entering our public and social spaces,

where they need to be human-aware and follow social
etiquette. Social robots can be valuable in the service in-
dustry, such as receptionists [1], baristas [2], and bartenders
[3]. If we observe how people interact with each other in
physically situated face-to-face settings, the interaction goes
well beyond the spoken words. Hence, the physical space
in which the interaction takes place can have implications
for the design of effective human-robot interaction. For
such an effective interaction with humans, robots need to
perceive and reason deeply about their physical surroundings,
understand the physics of human interaction and engage in
fluid interaction with humans in their physical environment
[4]. One of the commonly used measures to understand
human social behaviours in a physical space is distance and
positioning between interaction partners, often referred to as
proxemics.

Initial work on the concept of proxemics [5] provided a
systemic basis for research into social and personal spaces
between humans. It was demonstrated that social spaces
substantially reflect and influence social relationships and the
attitudes of people towards each other. It is not unreasonable
to assume that such proxemics behaviours might also hold
true in human-robot interaction (HRI). Furthermore, it is
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essential to understand how design decisions for social
robots could influence human proxemics behaviours around
these robots. To this end, this work looks at evaluating
the influence of different robot personalities, i.e. introvert
vs extrovert, on proxemics using a fixed position robot.
Furthermore, we compare these proxemics to human-human
interpersonal distances.

According to E. Howarth [6], it is preferred to have extro-
vert traits when working in service industry jobs, this is valid
for the receptionist role. Previous work [7] demonstrated
that manipulating linguistic and prosodic cues of a social
robot can be used to portray extroversion and introversion
personalities traits for the robot. Furthermore, an extrovert
robot has been shown to be preferred and trusted over an
introvert one [8]. However, these studies did not delve into
the proxemics aspect.

Our contributions in this paper include a unique study
“in the wild” showing that human-robot proxemics are influ-
enced by a robot’s displayed personality. We use a Furhat1

robot receptionist, connected to a visitor management system
and a TDS kiosk2, which is a self-service visitor check-in
kiosk, as shown in Figure1. The robot is able to reason about
its physical surroundings and interact using a combination of
verbal and non-verbal communication [9]. We address two
broad research questions (RQ):

RQ1: Can the robot’s personality influence human prox-
emics behaviours?

RQ2: Are Human-robot interpersonal distances different
to those found for human-human interpersonal distances?

Fig. 1: Furhat Robot Receptionist connected to a visitor
management system and a TDS kiosk for visitors’ check-
in and check-out.

1https://furhatrobotics.com
2https://www.timedatasecurity.com/product/tds-visitor
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II. BACKGROUND

Edward T. Hall [10] introduced the theory of proxemics,
which refers to the personal space that people maintain
around themselves. This space differs depending on the
social setting and their cultural backgrounds. Michael Argyle
[11] suggested the intimacy equilibrium model, which links
mutual gaze and proxemics behaviours [12]. This model
illustrates how people react to the violation of their personal
space by reducing mutual gaze and/or moving backward.

A person’s space is not only a physical buffer zone,
but also a psychological one [13]. The invasion of our
personal space can be uncomfortable and disquieting. Such
a breach occurs when our intimate zone (0.00m to 0.45m)
is violated by someone who is not an intimate connection.
The ideal zone reserved for personal interactions among
good friends or family is between 0.45 to 1.2, while the
social zone reserved for interactions among acquaintances
is between 1.2m and 2.1m [10]. These guidelines used in
social psychology are based on human-human interaction,
and can only map to human-robot interaction if we concede
that a robot is perceived as a social actor and comparable to
a human [14] [15]. However, people do not always interact
with robots in the same way that they interact with each other
[16] [17]. Previous research suggests that humans approach
robots with distances reserved for a close acquaintance or a
family member [18], which is considered within the intimate
zone.

In human-robot interactions, there are many factors that
could influence human proxemics behaviours. Some factors
are related to the robots such as its voice [18], appearance
[19], speed [20], and height [21]. Other aspects are related
to humans such as their age [22], personalities [23] [24],
prior experience with a robot [21], gender [25] or social
norms [11]. Thus, it is critical to comprehend which robot
design decisions impact human proxemics behaviours around
robots, in order to enhance interactions between robots and
humans.

It is yet unclear if robot personality can have any effects
on human proxemics behaviours, given that it has been
shown that we can model certain personality traits [8]. In
this study, we test if proxemics vary depending on the robot
personality type. Previous research on robot personality aims
attention at the facet of extroversion, for being one of the
easier personality traits to exhibit, even in shorter interactions
[26]. On that account, we deemed it feasible to focus on
extroversion and introversion as types of robot personalities.

Commonly, introverts are monotone and use fewer pauses
and hesitations [27], while extroverts use extensive vocabu-
lary and speak with a faster speech rate and louder voice,
in addition to higher fundamental frequency and broader
frequency range [28], [29]. Earlier work [30] [31] demon-
strates how calibrating prosody can portray extroversion and
introversion as personality traits in artificial agents, and can
influence how we perceive their personality.

Other previous research [32] explored the influence of
voice pitch on how people perceived a social robot recep-

tionist. The findings point out that a high-pitched robot with
a female voice was rated more attractive, emotional, and
extrovert.

Similarly, the voice of the robot can influence approaching
distances [18]. Trovato et al. [33] demonstrate that any
uncomfortable noise produced by a robot can lead to greater
human-robot distance when people approach it. However,
this proxemics effect can be masked by adding ambient
background music.

According to Bhagya et al. [34], proxemics distances
preferred by humans increase with the increased volume
of the internal noises (i.e.: machine noise) of a robot.
However, this was not tested with a robot that uses advanced
speech capabilities and natural language. Macmillan [35]
and Chepesiuk [36] demonstrate that the ideal sound of a
normal conversation is about 60dB, while any sound greater
than 70db will be considered annoying noise for human
ears, which might result in changing proxemics behaviours.
During this experiment, we therefore kept the volume of the
robot speaker between 58dB and 64dB, measured using a
sound meter.

III. METHODOLOGY

As mentioned above, Lim et al. [8] showed that one can
successfully represent extroversion and introversion using
linguistic features and vocal cues, they then went on to show
that an extrovert robot is preferred and trusted more than
an introvert robot in a robot barista setting. We followed a
similar approach to Lim et al. [8], using prosodic parameters:
volume, pitch, and tempo. We created two robot personalities
with different traits of extroversion and introversion. How-
ever, as the context and domain of a robot receptionist was
different to the robot barista, in their study, we relied on other
previous work [29] to add pragmatic [7] and lexical/syntactic
[37] differences between the two personalities.

We explore how different types of robot personalities,
specifically introversion and extroversion, can lead to differ-
ent human proxemics behaviours. Furthermore, in the wild
studies can give us new insights into spontaneous interactions
with robots, giving people the freedom to approach the robot
(or not) at a comfortable distance. This work addresses these
questions and fills this gap by comparing how an introvert vs.
extrovert robot receptionist will affect proxemics behaviours.

IV. EXPERIMENTAL DESIGN AND SETUP

Charlie, the Robot Receptionist set-up, consists of a Furhat
robot [38] from Furhat Robotics3 that is connected to a
visitor management system through an API, in order to get
information about calendar, meetings, employee profile and
to guide visitors with the check-in and check-out process.
The robot is placed in the reception area of the UK National
Robotarium4, as shown on Figure 2. The robot can interact
with users using verbal and non-verbal communication and
has advanced natural language understanding and dialogue
management capabilities. The receptionist can help visitors

3https://furhatrobotics.com
4https://thenationalrobotarium.com



with the registration process in order to print a badge, and
give them information about directions, news and events.
The Robot Receptionist is aware of its physical surroundings.
Furthermore, it can reason and react to events in the physical
space around itself.

Fig. 2: The reception area in the National Robotarium where
the robot receptionist is placed

A. Conditions

We created two robot personalities with different traits of
extroversion and introversion, by manipulating the lexicon
(See Table I), volume, pitch and tempo (following [8]) as
follows:

1) The Introvert: The robot speech was given a lower
pitch (-20%), volume (-6dB) and speaking rate (-20%).

2) The Extrovert: The robot speech was given a higher
pitch (+20%), volume (+6dB) and speaking rate
(+20%).

We observed 3 types of interaction with the robot recep-
tionist, therefore we classified participants into 3 groups:

1) Verbal interactions: People used verbal communica-
tion to interact with the robot.

2) Non-verbal interactions: People were standing in the
robot field of view, and looking towards the robot for
more than 15 seconds but without talking.

3) No interaction: People just pass by, without showing
any interest. These were identified by a very short time
period (less than 15 seconds) between being detected
in the scene and leaving the scene.

The experiment was between-participants by design. The
independent variables are thus:

- The Robot Personality as a manipulated independent
variable with 2 levels: Introversion vs Extroversion policy.

- The Type of Interaction as a non manipulated inde-
pendent variable with 3 levels: Verbal, Non-verbal or No
interaction

TABLE I: Extrovert and Introvert statements and linguistic
features applied to the robot interaction

Introvert Robot Receptionist Extrovert Robot Receptionist Linguistic fea-
ture

Hello! Welcome to the Na-
tional Robotarium! I am Char-
lie the receptionist! I will be
happy to assist you while en-
tering your details.

Hi! Welcome to the National
Robotarium! Lovely to see you
! By the way, I am Charlie the
receptionist. I will be happy to
assist you while entering your
details!

Subject
implicitness,
positive
emotion,
self-reference.

Just remember to speak when
my green light is on! That’s
when I can hear you!

Actually, It will be great if
you can speak when my green
light is on! That’s when I can
hear you!

Positive
emotion,
acknowledge-
ment.

Did you receive an invitation
email with a QR code prior to
your visit?

Firstly, I would like to know
if you received an invitation
email with a QR code prior to
your visit?

Self-reference

Can you please select the op-
tion, check in, on the kiosk,
then scan the QR code?

That’s Great! Basically, I just
need you to select the option,
check in, on the kiosk, then
scan the QR code?

Positive
emotion,
acknowl-
edgement,
self-reference

You will need To register!
Please press the first button that
says Register!

No worries at all ! Actually,
I just need you to register on
the kiosk ! Please press the first
button that says register.

Positive
emotion,
acknowl-
edgement,
self-reference.

Sorry! I didn’t hear you. Would
you speak a little louder when
my green light is on please?

Sorry I didn’t catch that ! Is it
possible for you to raise your
voice, a little bit please, When
my green light is on? Just so I
can hear you clearly !

informal, self-
reference,
acknowledge-
ment

Bye for now. Have a nice day! Bye! Positive
emotion

The main dependent variable for the experiment is the
Shortest Distance between the robot and the user during
the entire interaction.

During the experiment, a total of 120 participants took
part (60 interactions for each personality) over 6 weeks. All
interaction data were collected with the exact user position
coordinates and orientation at 5 different time stamps with t1
when the user is first detected and t5 when the user leaves the
robot’s scene. We also collected the robot-transcribed utter-
ances, and the duration of the interaction. The participants’
visual or personal data were not collected. No audio or video
data was collected, also no demographic information was
collected as the experiment was in the wild. The procedure
was ethically approved by our institution’s ethics board.

B. Hypotheses

In order to address our research questions, we formulated
the following hypotheses:

• H1: There is a significant difference for the shortest
distance between the two robot personality types (In-
trovert/Extrovert)

• H2: There is significant difference for the shortest
distance between the types of interaction (Verbal, Non-
verbal and No Interaction)

• H3: There is a significant interaction effect between
robot personality types and the types of interaction, with
respect to shortest distance



TABLE II: The number of users and types of their interac-
tions with the Robot Receptionist using different policies

Type of Interactions With the introvert Robot With the extrovert Robot
Number Percentage Number Percentage

Participants using Ver-
bal Interaction

22 36.66% 18 30.00%

Participants using Non-
verbal Interaction

19 31.66% 20 33.33%

No Interaction 19 31.66% 22 36.66%

V. RESULTS AND ANALYSIS

Firstly, we grouped the participants into 3 groups based
on the Type of Interaction they had with the robot. Table II
represents the number and percentage of users engaging in
each Type of Interaction.

Fig. 3: Extrovert Robot: Scatter plot of the users X and
Y coordinates showing the users’ position on the reception
scene in front of the Extrovert Robot receptionist. (The black
dot represents the robot’s position at (0.0,0.0))

Fig. 4: Introvert Robot: Scatter plot of the users X and Y
coordinates showing the users’ position on the reception
scene in front of the Introvert Robot receptionist. (The black
dot represents the robot’s position at (0.0,0.0))

Using the users’ location coordinates, we computed the
Euclidean distance for each logged interaction. We used
the Shortest Distance between the participant and the robot.
The Shortest Distance is preferred over average distance as
it is more accurate [39]. Furthermore, the users used the
kiosk next to the robot (Figure1), which will result in them
standing at a specific distance from the robot for an unequal
amount of time. This would lead to inconsistent results when

TABLE III: Shortest Distance maintained by participants
while interacting with the Robot Receptionist using different
personalities

Type of In-
teractions

Introvert Robot Extrovert Robot

Min Max Mean Std
Dev

Min Max Mean Std
Dev

Participants
using Verbal
Interaction

0.41m 0.91m 0.61m 0.12 0.55m 1.47m 1.19m 0.46

Participants
using Non-
verbal
Interaction

0.23m 1.35m 0.64m 0.32 0.47m 2.08m 1.01m 0.51

No
Interaction

0.78m 2.34m 1.78m 0.48 0.54m 2.72m 1.79m 0.54

All
Interactions

0.23m 2.34m 0.99m 0.63 0.47m 2.72m 1.36m 0.60

calculating the average distance. Figures 3 and 4 show plots
of users interacting with each personality. Table III shows
the descriptive statistics of the Shortest Distance in each
of the two personality conditions across all three Types of
Interaction and over all the interactions as a whole.

A factorial ANOVA (also known as two-way ANOVA)
was carried out in IBM SPSS version 28.

Robot Personality: There was a significant main effect
of Robot Personality, with participants’ Shortest Distance
being closer to the Introvert Robot (Mean, 0.99) than the
Extrovert Robot (Mean, 1.36), F(1,114) = 16.76, p<.001.
We can therefore accept H1. Furthermore, the ANOVA
showed that the Shortest distance for the Extrovert group
was significantly higher than the Introvert group as shown
on Figure 5.

Fig. 5: Box plots showing that the users approached the in-
trovert robot within a significantly shorter distance compared
to the extrovert robot. (boxes show the means and the two
middle quartiles, while the whiskers show maximums and
minimums other than any notional outliers)



Type of Interaction: There was a significant main effect
of Type of Interaction on the participants’ Shortest Distance
from the Robot, F(2,114) = 61.69, p<.001. We can therefore
accept H2. Post hoc tests using Bonferroni’s correction for
multiple comparisons, revealed that the participants’ Shortest
Distance was significantly shorter for those in the Verbal
(Mean, 0.88) and Non-verbal (Mean, 0.84) Interaction groups
(p<0.001 in both cases) compared to those in the No
Interaction group (Mean, 1.79). There was no significant
difference in Shortest Distance between participants in the
Verbal and Non-Verbal Interaction groups (p =.902).

Interaction Effect: There was a significant interaction
effect between the Robot Personality and the Type of Interac-
tion measured by Shortest Distance F(2,114) = 4.57, p =.012.
This effect indicates that participants’ Shortest Distance from
the Introvert Robot and the Extrovert Robot was affected
differently by their Type of Interaction. We can therefore
accept H3. Figure 6 shows the Means of the Shortest
Distance for each group along with their 95% confidence
intervals. We can see this indicates that the Shortest Distance
for those participants in both Verbal and Non-Verbal groups
was influenced by Robot personality (with them being closer
to the Introvert Robot). On the other hand, the Shortest
Distance of those who did not interact with the robot was
not affected by robot personality.

Fig. 6: Mean Shortest Distances (in metres) for the different
groups, along with the 95% confidence intervals.

VI. DISCUSSION

RQ1: Can the robot’s personality influence human prox-
emics behaviours?

In support of H1, the results show that different types of
robot personalities, in this case introversion and extroversion,
can lead to different human proxemics behaviours. Further-
more, the distance was shorter with the introvert robot, which
indicates that participants were more comfortable standing
closer to the introvert robot. Shorter proxemics could be
linked to positive feelings about the robots.

There are wider implications of these results for human-
robot interaction theory and the design of a social robot and
specifically for designing its personality.

RQ2: Are Human-robot interpersonal distances different
to those found for human-human interpersonal distances?

By accepting H2, we demonstrate that the Shortest Dis-
tance between human and robot was different to what would
be expected between two humans, based on the Type of
Interactions regardless of the robot personality. We notice
that none of the distance ranges fall within the human-human
social zone, which indicates that people did not follow the
same human-human proxemics rules [10] to interact with the
robot, as shown on Figure 7.

Fig. 7: Human-human interaction zones according to prox-
emics theory compared to interaction zones with the Robot
Receptionist

Participants using verbal communication kept a distance
between 0.41m and 1.47m. Nonetheless, this distance does
not fit with the social zone for human-human interactions
(1.2m to 3.6m). It is however very close to the personal zone
(0.45m to 1.2m) as considered by Hall’s proxemics theory
[10].

Similarly, participants using non-verbal communication
kept a distance between 0.23m and 2.08m. This distance
overlap between the social zone for human-human interac-
tions (1.2m to 3.6m) and the personal zone (0.45m to 1.2m).

Lastly, participants who avoided interacting with the robot
used a zone in the reception area, which is ≥0.78m away
from the robot. This is again considered in human-human
interaction as being in a personal and social zone.

These results contradict the media equation theory [14]
[40] and Hall’s proxemics theory [10]. While these theories
rely on principles from social psychology and social science,
our results suggest that these theories do not always map to
human robot-interaction. Therefore, in Figure 7c, we propose
a new set of proxemics zones for this form of interaction with
a stationary robot.



Our findings suggest the comfortable distance people like
to keep when approaching the robot might vary between
0.23m and 2.08m (III, second row, Non-verbal Interaction,
Introvert Robot, Min, 0.23m and Extrovert Robot, Max,
2.08m).

The grey coloured zones in Figure 7 b and c, represent the
narrow zone very close to the robot, for which we have no
data. The vision system within the Robot itself is unable
to sense and gather accurate data within this zone very
close to it. Thus, it represents what might be termed a blind
spot. Thus we have no data on whether or not people were
approaching closer than this. For this reason, we represent
this space in grey as unknown. This close zone is a space
for future research.

As this experiment was done “in the wild”, participants
were interacting with the robot in a spontaneous way. Some
participants were using only non-verbal cues. While the robot
was verbally interactive, they chose not to verbally respond
to the robot. This behaviour could be explained by people
meeting the robot for the first time, or being curious about
the robot and observing its behaviour.

This type of behaviour will be unusual in the context
of human-human interaction, again contradicting the media
equation theory. However, this suggests that the non-verbal
social communication of the robot could be improved to
also respond using more non-verbal cues in these types of
situations.

VII. CONCLUSION AND FUTURE WORK

We show that the distance between robot and human can
be different depending on the robot personality. To demon-
strate this, we focused on introversion and extroversion as
personality traits. We provide empirical evidence that people
who had a verbal interaction with the robot maintained a
shorter distance with an Introvert robot compared to the
Extrovert version.

Overall, the distance people maintained with the robot,
regardless of the robot personality, was between 0.41m and
1.47m for verbal interaction, and between 0.23m to 2.08m
for non-verbal interaction. This range is overlapping between
human-human social zone and personal zone. These results
imply that proxemics theory does not map directly to human-
robot interactions as people do not interact with robots in the
same way they interact with each other.

There are broader implications of these results in the
design of social robots and interactions. For instance, factors
related to the robot personality traits can influence human
proxemics behaviours around these robots.

In the future, further data will be collected to analyse
other parameters that can influence proxemics behaviours,
such as the robot’s physical aspects and gestures. Moreover,
we want to analyse further variables such as the duration
of the interaction and look into the human trajectories in
more detail, and how these proxemics behaviours change
over time.
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