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Abstract—This study investigated the relationship between
individual differences and proxemic behaviour in an HRI set-
ting involving a robot approaching a person. In total 33 par-
ticipants took part in three different scenarios; verbal interac-
tion, physical interaction and no interaction. Participant con-
trol over the robot, and approach direction was also varied.
Measurements of the preferred robot approach distance was
obtained, and analysed along with the participants’ demo-
graphic and personality data. The results indicate differences
in approach direction preferences based on gender. Also, re-
sults show that the participants’ personality traits of extraver-
sion and conscientiousness are associated with changes in ap-
proach distance preferences according to robot autonomy. The
results are discussed in light of relevant literature from the
social sciences.

I. INTRODUCTION

The main aim of this study was to investigate individual
differences in proxemic behaviour and preferences, i.e. be-
haviour and preferences related to social distances in an in-
teraction, applied to different Human-Robot Interaction
(HRI) scenarios. Exasting research in Human-Human inter-
action indicates that a large part of the variance in such be-
haviour is caused by factors dependent upon the individual
differences in the participants in a given interaction. There-
fore, exploring the individual characteristics that may in-
fluence such behaviour in HRI scenarios is necessary in
order to understand issues related to robot navigation in
human-centred environments.

A. Social Robots

It 1s expected that robots will be widespread in human cen-
tred environments in the near future [1]. This will offer new
challenges to researchers in the field of Human-Robot In-
teraction (HRI). The relationships and dynamics for inter-
action with such robots will be different, both in the range of
interactions, as well as the situations that will occur, to those
in public or in the workplace [2, 3]. For a robot to operate
successfully in human-centred environments, it needs to be
able to behave in a manner that 1s socially appropriate. This
means that it should perform its functions in a manner that
does not upset or disturb any humans it may encounter. In
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this human-centred view, interaction with robots needs to be
comfortable and acceptable to potential human users.

An adaptive personalised robot companion [4], must also
be capable of adapting to the individual needs and prefer-
ences of its users. In order to implement these abilities, the
behavioural dimensions of adaptivity as well as the corre-
lates of individual differences in users are necessary topics
for investigation. Of particular interest 1s the use of proxe-
mics research to determine rules of navigation and interac-
tion under different circumstances [5]. Proxemics, a term
coined by the anthropologist Edward Hall refers to the study
of measurable distances between people as they interact [6].
According to amongst others, Dautenhahn et al. [3],
proxemics is a salient issue to study in HRI scenarios. The
robots used in these studies do not need to be overly so-
phisticated: even robots with limited sensory capabilities
may be able to use distance data from people in its envi-
ronment to ensure that its behaviour within a social setting
will be deemed appropriate by its users.

Previously, we have explored some of the general issues in
proxemics research as it applies to HRI, both as regards in-
teraction distances between robots and humans [7], as well
as approach directions for robots moving towards humans
[8-11]. Other researchers have also studied issues of proxe-
mics in HRI scenarios, including Yan and Matari¢ [12]
whose findings, from observations of multiple human or
robot actors interacting, corresponded with some aspects of
Hall’s theories. Similar findings were reported by Hiitten-
rauch et al. [13].

B. Proxemics — A brief overview:

When investigating proxemics in a HRI setting, 1t 1s useful to
first consider the role of proxemics in human-human inter-
action. The term “proxemics” was introduced by Edward
Hall and a brief description of this theory and research will
follow. In his book, ‘The Hidden Dimension’ [6], Hall pri-
marily viewed proxemics as the study of differences be-
tween cultures. Hall also provided distance data and divided
distances in human-human interaction in four categories and
attempted to measure these distances for interactions taking
place between North Americans. These measurements were
obtained primarily from observing naturally occurring dv-
adic interactions in field studies and lead to the distinctions
between Public Distance(3.5 meters and above, Social Dis-
tance (1.5-.3.5 meters), Personal Distanc {0.5-1.5 meters )
and Intimate Distance(.05 meters and below).
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C. Proxemics and HRI

Hall’s distances are meant to apply only to interactions
taking part between North Americans, and may have limited
relevance to researchers working within other cultures.
Aside from this there are two primary issues that limit the
usefulness of Hall’s categories to HRI research:

The first issue 1s the lack of a theoretical framework relevant
to HRI. Hall’s research was primarily concemed with
cross-cultural differences. As such it does not offer any in-
sight into the dynamics that control the appropriate proxemic
behaviour in any particular HRI situation [14].

The second issue is that the distances described by Hall are
not robust, both in terms of accuracy and also generalisabil-
ity across different individuals and situations. Several re-
searchers have demonstrated that Hall’s initial measure-
ments are difficult to replicate, both in experimental settings
as well as in field observation [15]. Also, participants have
been shown to vary their interaction distances in response to
proxemic behaviour of others, both from different (sub)
cultures or from within the same culture [16, 17]. In addi-
tion, individual differences such as social status [18], gen-
der[19] and personality [20, 21] have been shown to impact
strongly on proxemic preferences in human-human interac-
tons.

A thorough discussion of the theories and models of proxe-
mics preferences and behaviour [14, 22] is beyond the scope
of this paper, and so we will concern ourselves with factors
that have been shown to impact human-human proxemics in
empirical studies. Broadly, we will categorise these into
factors that are external to the individual and factors that
arise from the individual. As this paper’s primary focus is on
the contribution of individual differences, these will be
discussed in greater detail than external factors. The factors
which may have an impact on the proxemic behaviour in any
given interaction include:
s EHxternal

a. Cultural and sub-cultural norms

b. Situational/interactional context

¢. Degree of acquaintance between actors

d. Relative social status between actors

s Intemnal

e. Gender

f.  Personality

g.  Physical attributes (e.g. height)

h.  Health and medical factors (disabihities
etc. that may impact human-human
interaction and communication)

1. Other individual differences

In the following we limit the discussion of internal factors to
e and f which have been addressed in our study.

External Factors.

a) Cultural and Sub-cultural norms:

Cross-cultural generalisability of results from HRI trials may
be made difficult as not only may norms for proxemic differ,

but attitudes towards robots have been shown to vary from
culture to culture [23].

b) Sitnational/Interactional Context:

Widely reported in studies on human proxemic behaviour
[14], it 1s only natural to assume that this factor may have a
strong impact on proxemic preferences when interacting
with a robot. Our initial studies on human-robot proxemics
indicated that many participants were comfortable ap-
proaching a stationary robot (a large minority even to within
Hall’s “Intimate space” zone found for human-human social
distances) but the results were less clear for the condition
where the robot actually approached them under the robot’s
control [24].

¢) Degree of Acquaintance:
According to Hall [6], this is one of the most important fac-
tors in intra-cultural proxemic variation. Our previous HRI
studies have used naive participants, interacting with a robot
for the first time, and so the results from these studies may
not be applicable to the preferences of users who have in-
teracted with a robot {or a prolonged period of time.

d) Social Status:

Assigning a human concept as social status to a robot may be
problematic. However, it may be possible to investigate
whether or not anthropomorphic attributions [25] to a robot
will influence proxemic preferences on the part of the user.
Another means to manipulate this is to change the degree of
displayed autonomy by the robot. Kim & Hinds [26] argue
that the perception of a robot’s role in an interaction changes
depending on its degree of autonomy, and as such its status
in a social interaction may change.

Internal Factors

e) Gender

The topic of gender in proxemic research has been studied
quite extensively [19, 27], by researchers from various fields
including ethology and socio-biology. These theories argue
that males are more territorial than females and so will be
more likely to have a larger personal space. Males seem to
tend to respond more strongly to intrusions into this space.
As such intrusions may trigger fight or flight responses to a
larger degree than for females. However, Gillespie and Lef-
fler [14] argue in their review of proxemics research that it is
very difficult to establish a clear difference between be-
haviour arising from genetically determined biological
processes and behaviour arising from socialization within a
given culture. This 1s also an issue n general for the
socio-biological and ethological understanding of behaviour
[28], but any attempt to disentangle this relationship is be-
yond the scope of our investigation. Despite this issue, sys-
tematic differences have been observed between males and
females in proxemic preferences and behaviour. As such it
may well have an impact on HRI scenarios.

f Personality and Individual Differences

This paper 1s primarily concerned with the role of individual
differences on proxemic behaviour and preferences in HRI
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studies. Individual differences have been considered to be a
factor in regulating proxemic preferences and behaviour in
human-human interactions [21, 29, 30]. We have also
considered these issues in two previous HRI studies. Walters
et al. [7], studied the impact of personality on preferred dis-
tances to a robot and found that ‘proactive’'participants
preferred to keep a larger distance between themselves and
the robot. Syrdal et al. [8] found a small proxemic tolerance
effect for extraversion, namely, extraverts rated approach
directions that were rated as least comfortable by the overall
sample, as more comfortable than other participants. A
similar effect was found by Gockley and Matari¢ [31], who
reported an overall greater tolerance for robot proximity
among exiroverts in a stroke rehabilitation task.

The model of personality used in the current study is the Big
Five Model, measured using the Big Five Domain Scale
from IPIP [32]. Please see table 1 for a brief overview of the
personality factors described in this particular model.

TABLE 1 BIG FIVE PERSONALITY FACTORS { ADAPTED FROM[33])

Emotional Stability Anxiety, depression, self-consciousness, im-
pulsiveness, vulnerability

Warmth, gregariousness, assertiveness, activity,
excitement seeking, positive emotions

Trust, straightforwardness, altruism, compli-
ance, modesty, tender-mindedness

Competence, order, dutifulness, achievement
striving, self-discipline, deliberation
Imagination, ideas, abstract thought, range of
interests

Extraversion
Agreeableness
Conscientiousness

Intellect

II. METHOD

A. Participants:

The 33 participants (20 males and 13 females, sampley)
were drawn from staff and students at the Umiversity of
Hertfordshire, recruited through an advertisement on the
university’s intranet. The age range in the sample varied
from 18 to 50, with a median age of 23. Consent for par-
ticipation was obtained in writing. Twelve participants were
selected for the longitudinal study (sample;). From these, 4
were female and 8 were male, the age range was 21 to 40
with a median age of 23. They were paid a modest com-
pensation in order to reinforce their continued participation
throughout the 6 week period.

Apparatus:

The robots used for this particular study were two People-
bots™ (commercially available research robot platforms
from ActivMedia Robotics). The robots were operated using
the Wizard of Oz Method [9]. In addition, two video cam-
eras recorded the experimental HRI sessions. To record
participants” approach distance preferences, a Comfort Level
Device (CLLD) was used. This device is described in detail in
Koay et al. [34]. The experiment took place in the living
room of the University of Hertfordshire “Robot House”, a
domestic home-environment, in order to provide a more
ecologically valid context.

! Please see Walters et al. [7] for afull description of the personality traits
used in this study. In brief, proactiveness is a trait that shares correlates to
some extent with both extraversion and psychoticism.

Experimental Procedure:

For each experimental condition, the robot approached the
participants from across the room. The participants were
instructed to press a button on the CLD when they felt they
did not want the robot to approach any further during each
trial run. There were three repeated measures vanables for
this experiment, making it a 2x3x2 repeated measures de-
sign. The conditions were as follows (cf. [35] for a more
exhaustive description of the scenario types and experi-

mental conditions):
. Human in Control/Robot in Control Variable
a.  Human in Control (HiC) — Pressing the CLD button
would stop the robot from approaching further
b. Robot in Control (RiC) — Pressing the CLD had no
impact on the robot’s approach and was only used to
record preferences.
* Interaction Variable
a.  No Interaction — Robot would just approach the par-
ticipant before tuming around and moving away
b.  Verbal Interaction — Robot approached participant in
order for him or her to practice verbal movement
commands
c.  Physical Interaction — Robot approached the participant
with three upturned cups in its tray. Participant would
then need to look under each cup in turn in order to find
awooden cube
¢  Direction variable
a.  Robot would approach directly from the front.
b.  Robot would approach from the front right of the par-
ticipant (see fig 3 in [8] for diagram of the directions).

In addition, the experiment also used robots with four dif-
ferent appearances. These were categorized as Short Me-
chanical, Short Humanoid, Tall Mechanical and Tall Hu-
manoid. Each participant was exposed to all the different
repeated measures conditions but only interacted with one of
the four robot appearances. In addition, each participant
completed a brief demographics questionnaire as well as the
Big Five Domain Scale. The participants were also given a
questionnaire for them to indicate what interaction types
they most preferred. These results were analysed along with
the CLD data.

The long-term participants were exposed to the experiment
on approach distances 3 times: Week 1 (first encounter with
the robots, sampley), Week 2 (in order to control for the
novelty effect of an mnitial interaction, sample;), and finally
Week 5 (after having been exposed to the robot in various
HRI scenarios twice a week for 3 weeks, sample;). For a
more detailed explanation of the experimental setup, and the
intermediate scenarios, please refer to [35].

III. RESULTS

A. General Results

1) CLD Data:
A detailed overview of the distance data can be found in
[35], however, a general overview will be given here.

There was a significant main effect for Robot Appearance,
and pair wise comparisons found that participants allowed
the robots with mechanical appearance to approach to a
closer distance than those with a humanoid appearance. For
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the short-term experiment, there was a significant main ef-
fect for interaction type. Subsequent pair-wise comparisons
found that participants preferred the robot to approach closer
for physical interaction than for verbal or no interaction.
There was also a significant main effect for approach direc-
tion. The pair-wise comparison showed that participants in
general allowed the robot to approach closer if it was ap-
proaching from the side rather than directly from the front.

Examining the long-term effects, we found no significant
differences between week 1 and 2, however, participants
allowed the robot to approach significantly closer in week 5,
pointing to an habituation effect in spatial preferences due to
the prolonged interaction period, mdependent of any novelty
effect (for details of this habituation effect see [36]). There
were no systematic effects for the Human in Control and
Robot in Control (HiC/RiC) conditions.

1) Questionnaire Data:

While the CLD data did not show a significant difference
dependent on HIC/RIC condition, the post-session ques-
tionnaire indicated that there was some impact on participant
preferences as to preferred interaction type. Please see Table
2 for an overview. It seems that the long-term participants in
weeks 2 and 5 preferred the verbal interaction scenario to the
physical interaction scenario in the RiC condition, while this
was not the case n the HiC condition.

620 Approach
Direction

0 600— At Front _
g Front Side
1]
0
a 580—
o
.|
O 560

540—

\ I
Male Female
Gender

Figure 1. Interaction effect for gender and approach direction.

B. Demographics:

No significant effects in approach distance preferences were
found for age, academic background or computer profi-
ciency. However, a mixed ANOVA found a significant in-
teraction effect in Week 1 between gender and approach
direction (F(1,31)=4.515,p<.05). The effect is described
below in figure 1.

Figure 1 shows that for females, there is no difference in
preferred approach distances for the two different approach
directions. For males, however, there i1s a clear difference
between the two directions, where males allow the robot to

TABLE 2
QUESTIONWATRE RESULTE For THE MosT
COMFORTAEBLE INTERACTION SCENARIO

Wk. 1 Wk. 1 Wk. 2 Wk. §
(Samplew) | (Sample;) | (Sample;) | (Sampler)
HIiC | RiC | HIiC | RiC | HiC | RiC | HIC | RiC
No
2 4 2 1 3 2 1 2
Interaction
Verbal
Interaction 16 14 5 6 5 7 4 7
Physical
- —— 15 13 5 4 3 2 5 1
e Re| 2 0 1 1 1 2 2
sponse
Total 33 33 12 12 12 12 12 12

approach closer when the robot is approaching from the side
than when it 1s approaching from directly from the front.

660.00— Extraversion

640.00— e e Low

620.00—
600.00—

580.00—

CLD Distance

560.00—

540.00—

\ \
Human in Robot in
Control Control

Condition

Figure 2. Extraversion, HIC/RiC Condition and Approach distance prefer-
ences

B. Personality:

A mixed model ANOVA found no significant main effects
for personality and overall preferences for approach dis-
tances across the conditions. However, a significant inter-
action effect for extraversion and the HiC/RiC condition
(F(1,14)=7.43, p<.05) as well as for conscientiousness and
the HIiC/RIC condition (F(1,14)=5.73,p<.05) was found.
See Figures 2 and 3 for a description of these effects.

Figure 2 suggests that there 1s a clear difference between
participants with low and high extraversion scores in the
Human in Conirol condition. Participants scoring high on
extraversion allowed the robot to come closer in the Human
in Control condition than participants with a low extraver-
sion score. However, for the Robot in Control condition the
difference between the two groups is much smaller. This
suggests that mtroverts were comfortable with the robot
coming closer mn the RiC condition, while Extraverts were
less comfortable with the robot approaching closely m this
condition,

The opposite seems to be the case for conscientiousness.
Participants scoring low on conscientiousness allowed the
robot to approach more closely in the HiC condition than
they were comfortable with for the RiC condition. There was
no marked difference due to HiC/RiC conditions for par-
ticipants scoring high on conscientiousness.
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As mentioned above with regard to gender, the low sample
size made it difficult to investigate any long-term effects for
personality. No discernible trends were found in the
long-term sample for personality.

610.00— Conscientiousness
Low
600.00— Fligh

CLD Distance
[4)] [6)]
[o:) w
© o
o o
T T

570.00—

560.00—

I I
Human in Control Robot in Control

Conditon

Figure 3. Conscientiousness, HiC/RiC Condition and Approach Distance
Preferences

TV. DISCUSSION

A. The Role of Gender

The results presented here indicate that, while it does not
significantly impact on overall distance preferences, gender
does play a role in determining proxemic behaviour and
preferences in a HRI scenario. While there were no differ-
ence in preferred approach distances between males and
females when the robot approached from the side, females
allowed the robot to approach closer than males when it was
approaching directly from the front. Our previous studies [8,
10] have also shown that while most participants (on initial
encounters) found the front direct approach to be less com-
fortable than from the side approaches (as this approach felt
more confrontational and threatening), a minority of females
actually preferred a frontal approach. Kendon [36] in his
work on geometrical patterns (F-formations), formed in
human-human interactions, observes that approaches or in-
teractions when both individuals are facing each other di-
rectly tend to be interactions that are confrontational and/or
competitive in nature. The proxemic preferences displayed
by the male portion of the sample for this approach direction
may indicate that males perceived the robot’s behaviour as a
territorial threat to much greater degree than females and
therefore responded by preventing it from approaching fur-
ther. This could be caused by more territorial behaviour in
the male sample, or different coping strategies for invasions
of personal space in males and females. It may also reflect a
gender difference in how participants perceive the robot as a
social actor. The long-term results also suggest that gender
differences are not as relevant in long-term interactions as
they are in initial interactions.

B. Personality

While the HiC/RiC conditions did not produce a significant
main effect in the short-term sample, they did interact sig-
nificantly with extraversion and conscientiousness, indicat-

ing that the two traits are related to participants’ reactions to
perception of control and autonomy across the scenarios.

Participants scoring high in extraversion allowed the robot
to approach closer in the Human in Control condition than
they preferred in the Robot in Control condition, while there
were no difference between these conditions for participants
with low extraversion scores. This would indicate that par-
ticipants with higher extraversion scores put a greater em-
phasis on control than the rest of the sample. Literature on
personality and proxemics do tend to indicate that extroverts
are more tolerant to invasions of personal space than intro-
verts [21] and our previous research has shown this to be the
case in HRI scenarios as well [8]. In light of this, the results
seem to be counterintuitive. One explanation for this result
may be that extraversion shares correlates with the per-
sonality construct of dominance [33], a construct that has
been shown to be related to initiation of close distance in-
teractions [37], but also is associated with a preference for
control of such interactions. This could be a possible cause
of this effect.

For conscientiousness, the effect was similar to that of Ex-
traversion. Participants scoring low in conscientiousness
allowed to robot to approach closer in the HiC condition
than they preferred for the RiC condition, while no differ-
ence between conditions was found for participants with
higher conscientiousness scores. There are several explana-
tions that could account for this. The first is that individuals
with high conscientiousness scores tend to be more consis-
tent in their behaviour and are less likely to change their
preferences than those with low scorers, thus accounting for
the lack of change between these conditions. Also, indi-
viduals with low conscientiousness often exhibit less im-
pulse control, which also may have led them to press the
CLD earlier in a situation in which they were not in control
of the robot’s behaviour.

While future research with larger sample sizes and a variety
of HRI scenarios will need to verify the above interpretation
of the results, the time and resources necessary to conduct
such large-scale studies mean that research questions and
measurements need to be informed by smaller studies like
this one in order to make best use of these resources.

C. Conclusions and Future Research

This study has shown that individual differences due to
gender and personality have an impact on proxemics pref-
erences in HRI situations, just as they do in human-human
interactions. What is less clear from these results is how
these individual differences affect proxemics preferences in
the long-term. What does seem to be the case, however, 1s
that the impact of individual differences change as partici-
pants become more familiar with robot.

Future research should endeavour to integrate results from
behavioural responses in HRI scenarios with participant
evaluation of the scenario in order to gain a fuller picture of
the mechanisms that govern the relationships between indi-
vidual differences and proxemic preferences and behaviour.
This will enable further investigation of the dimensions of
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adaptivity that will be necessary for a robot to navigate
human-centred environments in a socially acceptable man-

ner.
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