
 

Abstract—Findings are presented from a Human Robot
Interaction (HRI) Demonstration Trial where attendees
approached a stationary mechanical looking robot to a
comfortable distance. Instructions were given to participants by
the robot using either a high quality male, a high quality female,
a neutral synthesized voice, or by the experimenter (no robot
voice). Approaches to the robot with synthesized voice were
found to induce significantly further approach distances. Those
who had experienced a previous encounter with the robot
tended to approach closer to the robot. Possible reasons for this
are discussed.

I. INTRODUCTION
obots are now used in domestic environments to
perform useful functions such as simple cleaning tasks

(eg. the ROOMBA vacuum cleaning robot), lawn mowing
and basic (remote) security monitoring. Currently, humans
are treated as just another object to be avoided. However,
the avoiding distance may well be closer than a human would
prefer or find comfortable. Future domestic robots will carry
out a wider variety of useful tasks which require them to
interact with humans as they perform their duties. Therefore
a domestic robot must satisfy two main criteria (cf.
Dautenhahn et al. [1]  & Syrdal et al.  [2]):

R

It must be able to perform a range of useful tasks or
functions.
It must carry out these tasks or functions in a manner that
is socially acceptable, comfortable and effective for
people it shares the environment with and interacts with.
Fong et al. [3] provides a taxonomy of attributes of socially

interactive robots (robots designed to interact with humans in
a social way). Our research emphasis here is on the physical,
spatial, visual and audible non-verbal social aspects of
Human-Robot Interaction (HRI). Human psychological
research findings and methods have often provided a guide
for research into human reactions to robots (e.g. [4][5][6][7]
[8]) and there is evidence that humans respond socially to
robots. However, it is it is probable that they will not react
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exactly as they would to other humans (cf. [9][10][11][12]).
Previous work (e.g. [13][14]) has indicated that humans may
respond to a robot in some ways similarly as to a pet, another
human, or even as to a child or infant.
Hall [15][16] provided a systemic basis for research into

social and personal spaces between humans (Proxemics), and
his and others work in psychology (cf. Hall [17] and Sommer
[18]) have demonstrated that social spaces substantially
reflect and influence social relationships and the attitudes of
people to each other. Embodied non-verbal interactions,
such as approach, touch, and avoidance behaviors, are
fundamental to regulating human-human social interactions
(cf. Gillespie & Leffler [19]). Hall's defined social spatial
zones in terms of body, arm contact or reaching distances.
Other studies found that humans tended to approach other
humans at comfortable distances that were larger than those
for inanimate objects of similar size (eg. Horowitz et al. [20],
McBride et al. [21] and Sommer [18]). The generally
recognized personal space zones between humans are given
(for northern Europeans) in Table I, which quantifies and
summarizes Hall’s original qualitative distances. We
hypothesized (H1):
Human-robot interpersonal distances would be
comparable to those found for human-human
interpersonal distances [17] [22].
Breazeal [23] has found that people respect the

interpersonal space of robots, and we have performed two
previous studies investigating this hypothesis. For both these
studies, on an initial encounter with a mechanical-looking
(PeopleBotTM) robot, approach distance observations and
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measurements were carried out. The main conclusions from
these investigations were that most participants (both
children and adults) took up initial approach distances to the
robot which were broadly compatible with Halls personal or
social spatial zones. However, it was also found that there
were sizable minorities who approached the robot to
distances that were much closer than would be expected from
Hall's social zone distances. Details of these Human-Robot
social-spatial trials can be found in [24][25], and other
aspects and outcomes from these HRI trials in [26][27][28]
[29]. 
The present trial included the additional conditions of
different robot voice styles on people's initial comfortable
approach distances. From human proxemics (cf. [19]) it is
known that the gender of interactants has a significant effect
on proximity, so it was also hypothesised (H2):

The perceived gender of the robot's voice would affect
people's comfortable approach distances.

To explore the effects of robot voice gender, three voices
were chosen for the robot: a male voice, a female voice and a
(synthesized) neutral voice. A no voice condition was used
as a control. This study was performed as one of two
demonstration HRI trial events at the AISB Symposium at
the University of Hertfordshire during April 2005. 

II. EXPERIMENTAL METHOD

The PeopleBotTM was stationary in the far corner of the
experimental area, which was screened on three sides and
open at one end for audience viewing. The robot
incorporated a simple lifting arm with a fixed hook style
finger. This was used for simple gestures and manipulations
in previous trials, and was left in place for consistency (see
Fig. 1.). The participants were symposium attendees, and
the trial session was run over two hours as one of several
concurrent demonstrations of HRI trials and robotics
research as part of an evenings entertainment for the
symposium reception event. There were 21 (36%) female
and 37 (64%) male participants (58 total) and ages ranged
from 22 to 58. Most (approximately 83%) described
themselves as being familiar with robots and computer
technology and were academics or scientists. Thirty six

(62%) had also previously participated in another separate
experiment with a PeopleBotTM robot [30]. All were right
handed, apart from 4 males who judged themselves as either
left handed (2) or ambidextrous (2). They signed consent
forms and provided basic demographic details by means of a
short questionnaire, then entered the experimental area. The
robot was switched on and made noises from servos, sonar
and cooling fans in order to reinforce the ‘live’ nature of the
trial. In the trial conditions where the robot had a voice
(male, female and synthesized), the robot itself gave
instructions to participants. The four robot voices styles
were:

1. Male Voice - a high quality male voice, recorded by
a male speaker with a neutral English accent.

2. Female Voice - a high quality female voice,
recorded by a female speaker with a neutral English
accent. 

3. Synthesized Voice - a low quality voice created by
a speech synthesizer (Festival Lite - flite). The voice
was obviously synthesized, and ostensibly an
American English male voice, but was pitched
deliberately high in order to provide an androgynous
neutral voice style.

4. No Voice - The male experimenter read scripted
instructions in a neutral English accent. 

The voice styles were chosen as we expected different
responses towards different gendered voices (male/female, cf.
hypothesis H2). We also expected that people might respond
differently to a robot with a human-like voice, in contrast to a
more 'robotic' (synthesized) voice. The no voice condition
was chosen as a baseline. In all cases the script for
instructions to participants was identical, apart from the part
indicated in bold, where the experimenter gave instructions
for the no robot voice condition:

1. “Welcome to the second part of our demonstration.
We are investigating how robots should behave in
the presence of people and we would be grateful if
you would participate in a short experiment.”  

2. “If you are uncomfortable with this, or do not wish
to participate for any reason, you may leave through
the exit to the side of the test area.”

Note: If the participant exited the test area at this point (or
does not want to continue at any point) this would have
terminated the trial). 

3. “Thank you. We are very pleased that you have
agreed to help by participating in this experiment.
We want to find out the distance that humans prefer
to take relative to robots.”

4. “When I say ‘Approach now’, would you approach
me (or “the robot” as appropriate) to a distance
which you feel is the most comfortable for you.

Table I: Hall's Personal Spatial Zones
Spacial Zone Range (m) Situation
Close Intimate 0 to 0.15 Lover/close friend touching
Intimate Zone 0.15 to  0.45 Lover or close friend only
Personal Zone 0.45 to 1.2 Conversation to friends
Social Zone 1.2 to 3.6 Conversation to non-friends
Public Zone 3.6 + Public speech making
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When you reach that distance, please raise your
hand.”  

If the participant did not understand, the last instruction
was repeated. Otherwise:

5. “Approach now”
Once the participant had approached the robot to their
desired comfortable distance and raised their hand, the
experiment supervisor then measured that approach
distance. 

6. “Thank you for participating in our experiment.
Please continue on through the area exit”. 

In order to find out more about participants’ perceptions of
the robot (as linked to the male and female voices), at the end
of each trial, participants were asked to provide a name for
the robot. However, many (26 from 58) declined and the
(demonstration and entertainment context) nature of the trial
did not allow us an opportunity to ask their reasons for this.
Distance measurements were made using a marked paper
tape strip on the floor and a tape measure (cf. Stratton et al.
[31]). To standardize the measurements for this study, they
were made from the closest part of the participants feet
(invariably the front of the leading foot, shoe or toe) to the
nearest part of the lower bump ring on the robot, to the
nearest whole cm (accuracy ± 0.5cm). 

III. RESULTS AND ANALYSIS

The overall distribution of participants' approach distances
is shown in Fig. 2. Compared to Hall's social zones,
approximately 33% of the participants approached to a
distance comparable to the Intimate zone, 56% to the
Personal zone and 12% to the Social zone. As with our
previous trials addressing H1, a similar proportion of close
(intimate zone) approaches were observed (cf. Walters et. al.
[24]). Consistent with this study, there was also a small
proportion of participants who took up approach distances
that were close to the far limit for the social zone. Univariate
ANOVAs were performed on the approach distances

grouped by various factors. Significant differences were
found when participants were grouped by the robot voice
conditions (H2, see Table II) and also depending on whether
they had previously taken part in the other demonstration
HRI trial (Table III). The findings are discussed  below:

A. Robot Voice
The approach distance distributions are compared as box-

plots in Fig. 3. There were significant differences in approach
distance means between the groups approaching the robot
with the synthesized voice (mean 80.3cm) and the other
groups: the male voice (mean 51.5cm), the female voice
(mean 60.3cm) and the no voice condition (mean 42.4cm).
Significant differences in approach distances were found only
for the robot with a neutral gender (synthesized) voice
(partially supporting H2).

B.  Previous Trial Experience
There were also significant differences in the human to

robot approach distances for participants who had previously
participated in a separate HRI demonstration trial as part of

Fig. 2: Overall distribution of human to robot approach distances for  robot
voice style conditions.
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Table III: Between subjects effects on proximity for
robot voice style and previous trial experience.
Source Type III

Sum Sqr.
Df Mean

Sqr.
F Sig.

Robot-voice Source 3 5571.19 7.008 .001
Which-trial 4867.19 1 4867.1 6.122 .017
Robot-voice
* Which-trial

6997.19 3 2332.52 2.934 .042

Error 39753.17 51 795.06

Table II: LSD Post-hoc Tests for Robot Voice
Robot Voice
(I)         ( J)

Mean
Diff. (I-J)

Std.
Error

Sig. 95% Conf. Int.
Lower   Upper

M F
S
N

-9.08
-28.83*
9.07

11.02
11.51
11.67

.414

.016

.441

-31.21
-51.95
-14.38

13.05
-5.71
32.52

F M
S
N

9.09
-19.75*
18.15

11.02
9.74
9.93

.414

.048

.074

-13.05
-39.32
-1.80

31.21
-0.19
38.10

S M
F
N

28.83*
19.75*
37.90*

11.51
9.74
10.48

.016

.048

.001

5.71
0.19
16.86

51.95
39.32
58.95

N M
F
N

-9.07
-18.15
-37.90*

11.67
9.93
10.48

.441

.074

.001

-32.52
-38.10
-58.95

14.38
1.80
-16.86

M = Male, F = Female, S = Synthesized, N = No Voice
* Mean difference significant at: p < 0.05.
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the same event with another identical PeopleBotTM robot
[30] [25] (see Table III). Participants who had experienced a
previous interaction approached the robot significantly closer
(mean 51.2cm) than those for whom this was their first
encounter (mean 73.9cm).

C. Robot Names and Robot Gender
As a final item for the HRI approach distance trial, each

participant was asked to provide a name for the robot. These
names were sorted into three groups depending on the
perceived gender of the names: Male, Female and Neutral. Of
the 32 participants who supplied a name for the robot, 16
(50%) provided a Male name, 15 (48%) a Neutral name and
only 1 (2%) a Female name. At a later demonstration event
at the Science Museum in London in 2005 the same
PeopleBotTM robot performed interactive games with children
(ages estimated to range from 4 to 10 years) who were then
asked to provide a name for the robot. The names obtained
were grouped similarly: male names 50 (41%), neutral names
66 (58%) and only 2 (1%) gave a female name. It is
interesting to note that these results were gained in a
relatively uncontrolled public HRI environment, and indicates
that most people (including children and academics) may
perceive the PeopleBotTM robot as either male or of
indeterminate gender.

IV. DISCUSSION AND CONCLUSION

The mean approach distances to the robot with a synthesized
voice are greater then the other three robot voice conditions,
and closest to that which would be expected from a strict
interpretation of Hall's spatial zones. The approach distances
to the robots with the other voices are generally closer than
humans would position themselves to each other on first
acquaintance. These results seem to provide mixed support
for both H1 and H2, and are consistent with results obtained

from our previous experiments (cf. [24] [32]) where 95% of
the participants approached the same robot to distances
ranging from 47cm to 96cm (Mean 71cm, St. Dev. 63.0).
However, Nakauchi and Simmons [33] found that the
experimentally derived distances between humans standing in
a line ranged from 40cm to 80cm. These findings suggest
that (non-interacting) humans in a line and humans
approaching robots, take up approach distances that
according to Hall, are reserved for communications between
friends, or even very close friends and family! To account for
these observed distances in terms of Hall's social spatial
zones theory, one must assume either that the robots are
being treated like close (even intimate!) friends (a very
unlikely explanation, contradicting results from our previous
study into people’s perceptions of the PeopleBotsTM robots
(cf. [1]), or that humans perceive the robot (and other
humans in a line) more as they would an inanimate object. 
A different interpretation may be made. Stratton et al. [31]

performed human-human approach trials with students and
reported “comfortable” mean approach distances ranging
from 13.9 to 27inches (35 to 69cm). However, this same
study also found that human participants approached a
clothed headless female tailors dummy to “comfortable”
distances that were similar to (or possibly even slightly
greater than) those for another human. In the light of these
findings, it can be can be seen that the approach distances to
all four robots is well within the range of distances which
would be considered to be usual for human proximity. In our
trials, the participants who had not encountered the
PeopleBotTM in the previous trial, approached to distances
that would be actually be considered normal in the human-
human case. However, they approached the robot with the
synthesized (neutral) voice to distances that were slightly
greater than might be expected from a comparable human
proxemic situation. This difference was not so apparent in
those who had previously encountered the robot. 
Stratton et al. [31] speculated that the slightly greater

observed approach distances to the headless tailors dummy in
their trials were due to the (in this case, slight) "fear of the
strange" effect, comparable to that which Hebb [34] had
found in non-human primates. This “fear of the strange
effect” in primates may indicate the biological origin of
Mori's “uncanny valley” repulsive effect [35][36]. The effect
is well known and has been reliably reported as applying to
very human-like robots and androids [37]. The main cause
of the repulsive effect seems to be linked to a disjoint
between appearance and behavior and is greatest for small
perceived abnormal appearances or behavior. There is also
evidence that the repulsive effect can apply even to robots
with a mechanical appearance (cf. Bethal and Murphy [38],
and Hanson [39]). 
There are several possible explanations for these

observations and it is likely that there may be more than one
proxemic cause for the variations in the HR approach

Fig. 3: Human to Robot Approach Distances for the Robot Voice Styles,
Grouped by Previous Trial Exposure to the PeopleBotTM Robot.
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distances observed here. The robots synthesized voice was
perhaps perceived as more consistent with the robots
mechanical appearance. This may have reinforced the
credibility of the robot, causing a slight uncertainty in the
approaching participants who reacted with a slightly wary
approach, proportional to the perceived “threat”. Of course,
the threat posed by these robots was not very great, so the
“flight” response is noticeable as a slightly greater approach
distance. 
The participants seem to have judged the robots initially

very quickly, perhaps based mainly on their appearance (cf.
Lee and Kiesler [40]). Nass et al. [41] have shown that
computers elicit a range of social responses from humans.
However, humans do not respect the “personal space” of
computers (otherwise they would be unusable!). The findings
from our study have provided evidence to support H1, that
humans do respect the personal spaces of even mechanical
looking robots. This is almost certainly due to their physical
form and embodiment (cf Breazeal [42], Walters et al. [24],
Hüttenrauch et al. [43], & Nomura et al. [44]). However,
the evidence with regard to H2 is more complex to interpret.
It seems that issues related to consistency of robot
appearance and voice style (non-verbal behavior) may have
had more influence on participants' comfortable approach
distances then their perceptions of the robots gender.
The participants in this HRI trial were mostly familiar with

the technology and limitations of current robots and it could
be argued that they would not be representative of the
population as a whole. However, the findings from this trial
that can be directly compared with the results from the
previous similar studies, with robot naive participants, were
very similar [24]. This indicates that experienced users may
react in a broadly similar way to naive users for their initial
perceptions of the robot. It is desirable for further
experiments to compare the time taken by naive and
experienced users to form and refine their initial perceptions
of any particular robot. In the near future the first real users
of domestic and companion robots will probably be those
who are most enthusiastic about robots so experienced users
may well be the norm for domestic robots.
The informal nature of the demonstration HRI trial event,

where food and drink was provided, and the viewing
audience may have affected the results. However, any effects
due to this were broadly counterbalanced across the
participant groups. Sabanovic et al. [45] have argued that it
is essential that HRI study methods must be developed for
normal situations and environments which cannot be
replicated under controlled lab conditions. The findings from
this study support the idea that valid results can be obtained
from HRI studies in a (relatively uncontrolled) normal human
environment.  
What humans actually perceive and rate as consistency in

robot appearance and behavior, and how these relate to the

functionality and effectiveness of robots, are currently open
questions in the field of HRI research. The appearance of the
robot was mechanical-looking in this trial. Future work
should investigate the effect of robot appearance on human
perceptions, and also how this may change with longer term
exposures and differing robot appearances. Some of these
issues are addressed in our other recent studies (cf. Walters
et al. [46], Syrdal et al. [47] & Koay et al. [48]) but this
study has highlighted further areas where research is needed.

REFERENCES

[1] K. Dautenhahn, S. N. Woods, C. Kaouri, M. L. Walters, K. L. Koay, I.
Werry, "What is a Robot companion - Friend, Assistant or Butler?" in
Proceedings of IEEE RSJ International Conference on Intelligent
Robot Systems (IROS'05). 2005. pp. 1488-1493

[2] D. S. Syrdal, K. Dautenhahn, S. N. Woods, M. L. Walters, K. L. Koay,
"Doing the Right Thing Wrong' - Personality and Tolerance to
Uncomfortable Robot Approaches" in Proceedings of The 15th IEEE
International Symposium on Robot and Human Interactive
Communication (RO-MAN06). 2006. pp. 183-188

[3] T. Fong, I. Nourbakhsh, K. Dautenhahn, A Survey of Socially Interactive
Robots. Robotics and Autonomous Systems. 2003.  pp.  143–166.

[4] J. Goetz, S. Kiesler, "Cooperation with a Robotic Assistant" in
Proceedings of the Conference on Human Factors in Computing
Systems ( CHI'02). 2002. pp. 578 - 579

[5] H. Hőttenrauch, K. Severinsen-Eklundh, "Investigating Socially
Interactive Robots That Give the Right Cues and Make Their Presence
Felt" in Proceedings of the CHI 2004 Workshop on Shaping Human-
Robot Interaction. 2004. pp. 17-20

[6] F. Heckel, W. D. Smart, "Non-Speech Aural Communication for
Robots" in AAAI Fall Symposium on Aurally Informed Performance:
Integrating Machine Listening and Auditory Presentation in Robotics
Systems, AAAI Technical Report FS-06-0. 2006. pp. 28-32

[7] T. Kanda, T. Hirano, D. Eaton, Interactive Robots as Social Partners and
Peer Tutors for Children: A Field Trial. Human-Computer Interaction.
2004.  pp. 61-84.

[8] Z. Khan, "Attitude towards intelligent service robots.", Technical report
TRITA-NA-P9821, NADA, KTH , 1998.

[9] B. R. Duffy, Anthropomorphism and The Social Robot. Robotics and
Autonomous Systems. 2003. .

[10] D. C. Dryer, "Getting Personal with Computers: How to Design
Personalities for Agents." Applied Artificial Intelligence, 1999, 13:3:
pp. 273 - 295.

[11] S. Cowley, T. Kanda, Friendly machines: interaction-oriented robots
today and tomorrow. Alternation. 2005.

[12] E. Falcone, R. Gockley, E. Porter, I. Nourbakhsh, The Personal Rover
Project: The Comprehensive Design of a Domestic Personal Robot.
Robotics and Autonomous Systems. 2003.  pp. 245-258.

[13] P. J. Hinds, T. L. Roberts, H. Jones, Whose Job Is It Anyway? A Study
of Human-Robot Interaction in a Collaborative Task. Human
Computer Interaction. 2004.  pp. 151-181.

[14] B. Friedman, P. H. Kahn, J. Hagman, "Hardware Companions? - What
Online AIBO Discussion Forums Reveal about the Human-Robotic
Relationship" in Proceedings of the Conference on Human Factors in
Computing Systems (CHI 2003). 2003. pp. 273-279

[15] E. T. Hall, A System for the Notation of Proxemic Behavior. American
Anthropologist; New Series; Selected Papers in Method and
Technique. 1963.  pp. 1003-1026.

[16]  E. T. Hall, The Hidden Dimension.  Doubleday, NY, 1966.
[17] E. T. Hall, "Proxemics." Current Anthropology, 1968, 9(2-3): pp.

83-108.
[18] R. Sommer, Personal Space: The Behavioral Basis of Design. New

Jersey, Prentice Hall,, 1969.
[19] D. L. Gillespie, A. Leffler, "Theories of Non-Verbal Behavior: A

Critical Review of Proxemics Research." Socialogical Theory, 1983, 1:
pp. 120-154.

711



[20] M. J. Horowitz, D. F. Duff, L. O. Stratton, “Body Buffer Zone."
Archives of General Psychiatry, 1964, XI:  pp. 651-656.

[21] G. McBride, M. G. King, James J. W., "Social Proximity effects on
GSR in Adult Humans." Journal of Psychology, 1965, LXI: pp.
153-157.

[22] E. T. Hall, Handbook for Proxemics Research. Society for the
Anthropology of Visual Communication, Washington DC , 1974.

[23]  C. L. Breazeal, Designing Sociable Robots.  MIT Press, 2002.
[24] M. L. Walters, K. Dautenhahn, K. L. Koay, C. Kaouri, R. te Boekhorst,

C. L. Nehaniv, I. Werry, D. Lee, "Close Encounters: Spatial Distances
Between People and a Robot of Mechanistic Appearance" in
Proceedings of IEEE-RAS International Conference on Humanoid
Robots (Humanoids2005). 2005. pp. 450-455

[25] M. L. Walters, K. Dautenhahn, S. N. Woods, K. L. Koay, R. te
Boekhorst, D. Lee, Exploratory Studies on Social Spaces between
Humans and a Mechanical-looking Robot. Journal of Connection
Science, Special Issue on Android Science. 2006.  pp. 429-442.

[26] M. L. Walters, K. Dautenhahn, K. L. Koay, C. Kaouri, S. N. Woods, C.
L. Nehaniv, R. te Boekhorst, D. Lee, I. Werry, "The Influence of
Subjects' Personality Traits on Predicting Comfortable Human-Robot
Approach Distances " in Proceedings of Cog Sci 2005 Workshop:
Toward Social Mechanisms of Android Science. 2005. pp. 29-37

[27] R. te Boekhorst, M. L. Walters, K. L. Koay, K. Dautenhahn, C. L.
Nehaniv, "A Study of a Single Robot Interacting with Groups of
Children in a Rotation Game Scenario. " in Proceedings of IEEE CIRA
2005. 2005. pp. 35-40

[28] S. N. Woods, K. Dautenhahn, C. Kaouri, R. te Boekhorst, K. L. Koay,
M. L. Walters, Are Robots Like People? - Relationships between
Participant and Robot Personality Traits in Human-Robot Interaction.
Interaction Studies. 2007.  pp. 281-305.

[29] S. N. Woods, K. Dautenhahn, C. Kaouri, "Is Someone Watching Me?
Consideration of Social Facilitation Effects in Human-Robot Interaction
Experiments" in Proceedings of 2005 IEEE International Symposium
on Computational Intelligence in Robotics and Automation (CIRA
2005). 2005. pp.  53-60

[30] S. N. Woods, M. L. Walters, K. L. Koay, K. Dautenhahn, "Comparing
Human Robot Interaction Scenarios Using Live and Video Based
Methods: Towards a Novel Methodological Approach" in Proceedings
of The 9th International Workshop on Advanced Motion Control
(AMC'06). 2006. pp. 750-755

[31] L. O. Stratton, D. J. Tekippe, G. L. Flick, "Personal Space and Self
Concept." Sociometry, 1973, 36:  pp. 424-429.

[32] M. L. Walters, K. L. Koay, S. N. Woods, D. S. Syrdal, K. Dautenhahn,
"Robot to Human Approaches: Comfortable Distances and Preferences"
in Proceedings of the AAAI Spring Symposium on Multidisciplinary
Collaboration for Socially Assistive Robotics, (AAAI SS07-2007).
2007.

[33] Y. Nakauchi, R. Simmons, A Social Robot that Stands in Line.
Autonomous Robots. 2002.  pp. 313-324.Springer Netherlands

[34] D. O. Hebb, A Textbook of Psychology. W. B. Saunders (Ed.) W. B.
Saunders, Philadelphia, 1958.

[35] M. Mori, Bukimi No Tani (The Uncanny Valley). Energy. 1970. pp.
33-35.

[36] H. Brenton, M. Gillies, D. Ballin, D. Chattin, "The Uncanny Valley:
Does it exist?" in Proceedings of Conference of Human Computer
Interaction, Workshop on Human Animated Character Interaction.
2005.

[37] K. MacDorman, H. Ishiguro, "The Uncanny Advantage of Using
Androids in Cognitive and Social Science Research ." Interaction
Studies, 2006, 7(3):  pp. 297-337.

[38] C. L. Bethal, R. R. Murphy, "Affective Expression in Appearance-
Constrained Robots" in Proceedings of ACM SIGCHI/SIGART 2nd
Conference on Human Robot Interaction (HRI ’06). 2006. pp. 327-328

[39] D. Hanson, A. Olney, I. A. Pereira, M. Zielke, "Upending the uncanny
valley" in Proceedings of the American Association for Artificial
Intelligence (AAII) Conference. Mobile Robot Competition and
Exhibition: Papers from the AAAI Workshop: ed. Diego Molla and
Jose Luis Vicedo. Technical Report WS-05-11. 2005.

[40] S. Lee, I. Yee-man Lau, S. Kiesler, C. Chiu, "Human Models of
Humanoid Robots" in Proceedings of the 2005 International

Conference on Robotics and Automation (ICRA 05). 2005. pp. 2767-
2772

[41] C. Nass, J. Staeur, E. Tauber, "Computers are Social Actors" in
Proceedings of Conference of Human Factors in Computing Systems,
Human-Computer Interaction (CHI 94). 1994. pp. 72-78

[42] C. Breazeal, B. Scassellati, "Infant-like Social Interactions Between a
Robot and a Human Caretaker." Adaptive Behavior, 2000, 8(1): pp.
49-74.

[43] H. Hőttenrauch, K. Severinson-Eklundh, A. Green, E. A. Topp,
"Investigating Spatial Relationships in Human-Robot Interaction" in
Proceedings of the IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS 06). 2006. pp. 5052-5059

[44] T. Nomura, T. Shintani, K. Fujii, K. Hokabe, "Experimental
Investigations of Relationships Between Anxiety, Negative Attitudes,
and Allowable Distance of Robots (HCI 07)" in Proceedings of the
Second International Conference on Human-Computer Interaction
(HCI 07). 2007. pp. 13-18

[45] S. Sabanovic, M. P. Michalowski, R. Simmons, "Robots in the Wild:
Observing Human-Robot Social Interaction Outside the Lab" in
Proceedings of IEEE International Workshop on Advanced Motion
Control (AMC 06). 2006. pp. 756-761

[46] M. L. Walters, K. Dautenhahn, R. te Boekhorst, K. L. Koay, "Exploring
the Design Space of Robot Appearance and Behavior in an Attention-
Seeking 'Living Room' Scenario for a Robot Companion" in
Proceedings of IEEE-Artificial Life (Alife 07). 2007. pp. 341-347

[47] D. S. Syrdal, M. L. Walters, K. L. Koay, S. N. Woods, K. Dautenhahn,
"Looking Good? Appearance Preferences and Robot Personality
Inferences at Zero Acquaintance" in Technical Report of the AAAI -
Spring Symposium 2007, Multidisciplinary Collaboration for Socially
Assistive Robotics. 2007. pp. 86-92.

[48] Koay, K. L., Syrdal, D. S., M. L. . Walters, K. Dautenhahn, "Living
with Robots: Investigating the Habituation Effect in Participants’
Preferences During a Longitudinal Human-Robot Interaction Study" in
Proceedings of the 16th IEEE International Workshop on Robot and
Human Interactive Communication (RO-MAN 2007). 2007. pp.
564-569

712


