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Abstract Against the background of the uncanny valley hypothesis we investigated how people react towards an android robot in a natural environment dependent on the behavior displayed by the robot (still vs. moving) in a quasiexperimental observational field study. We present data on
unscripted interactions between humans and the android
robot “Geminoid HI-1” in an Austrian public café and subsequent interviews. Data were analyzed with regard to the
participants’ nonverbal behavior (e.g. attention paid to the
robot, proximity). We found that participants’ behavior towards the android robot as well as their interview answers
were influenced by the behavior the robot displayed. In addition, we found huge inter-individual differences in the participants’ behavior. Implications for the uncanny valley and
research on social human–robot interactions are discussed.
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1 Introduction
Since Karel Capek’s science fiction play R.U.R.—Rossum’s
Universal Robots in 1920 and Isaac Asimov’s books like “I,
robot”, robots—especially humanoid and android robots—
are part of our popular culture. The advantages and risks
they bring, as well as moral and ethical questions concerning artificial life of very humanlike or android robots are
core themes in numerous books and movies. But it is only
with the recent advancements in robotics that robots are also
becoming more salient in public discourse with regard to the
actual applicability of robots to support or accompany us in
our daily lives.
Nowadays, the development of robots is considered to
have the potential to solve major societal problems (e.g.
compensate for decreasing numbers of healthcare employees by providing support in low-priority tasks [1]; rehabilitation of e.g. post-stroke participants [2, 3]) which has been
widely discussed [4–6] and indicated by the increasing number of funded research projects. A controversial topic has
been and still is how robots should be designed. While some
scholars follow a minimal design approach when designing robots (e.g. [7, 8]) others favor robots resembling humans in detail [9]. Ishiguro [9] stated that “humanoids and
androids have a possibility to become ideal human interfaces accepted by all generations” (p. 2), because they provide all communicative channels already known to humans.
This assumption stands at least partly in contrast to the uncanny valley hypothesis [10] which states that people will
react increasingly positively towards increasingly humanlike robots until a certain peak is reached, after which the
effect reverses, resulting in negative reactions. Early work
on the uncanny valley effect tried to prove its existence using pictures and videos of robots [11–13]. Further studies
investigated the uncanny valley in laboratory settings during human–robot interaction. These studies vary greatly in
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their addressed research questions, because the uncanny valley is tangent to diverse concepts like anthropomorphism
and robot appearance or the perception of agency. The uncanny valley theory has been put into question or critically
discussed by several researchers (e.g. [14–16]) who pointed
out its conceptual shortcomings and the lack of empirical evidence on the topic. Moreover, there have been attempts to
revise or refine Mori’s thought experiment in order to transform it into a more fine grained theory [9, 17, 18]. Still a
lot of questions remain unanswered, for instance what exactly are the negative or even repulsive reactions and when
do they occur? Do they stem from emotional or cognitive
processes and how may these reactions be explained? Moreover, it is unclear whether the effect is just a spontaneous
short-term reaction which can be overcome by habituation.
With the development of android robots, research on
Mori’s hypothesis becomes even more important, because
androids may be considered to fall into the uncanny valley. A number of studies have been conducted with android
robots in laboratory settings (e.g. examining the uncanny
valley effect with gaze behavior during human–robot interaction [19–21]). But only little work has been done on androids in field trials. Therefore, we do not know how humans
would react to or interact with an android robot in natural unscripted situations. Studies utilizing easily displayable
commercial robots (e.g. [22–24]), mobile robots (e.g. [25])
or humanoid robots (e.g. [26–28]) in field studies already
revealed that participants show huge inter-individual differences in their behavior towards these robots. We expect that
these inter-individual differences in participants’ behavior
will also be found in interactions with android robots. Moreover, against the background of the uncanny valley hypothesis, we are interested in the impact of the android robot’s
animation (still vs. moving) on participants’ behavior and
impressions of the robot. We therefore conducted a quasiexperimental observational field study to investigate how
people react towards an android robot in a natural environment dependent on the behavior displayed by the robot. We
present data on unscripted interactions between humans and
the android robot “Geminoid HI-1” (cf. Fig. 1), which we
analyzed with regard to the participants’ nonverbal behavior
(e.g. attention paid to the robot and proximity).

2 Related Work
2.1 The Uncanny Valley
Recent advancements in robotics, in the field of humanoid
and android robots, render the investigation of the uncanny
valley increasingly relevant and possible. Ishiguro [9] regards humanoids and androids as ideal human interfaces,
because with their humanlike appearance, they offer the human interaction partner all interactive possibilities to which

Fig. 1 Geminoid HI-1 with its human counterpart and originator Prof.
Hiroshi Ishiguro

Fig. 2 The Uncanny valley (Ishiguro & MacDorman, 2006)

he or she is accustomed in human–human interaction. The
uncanny valley theory, however, restricts these possibilities,
as will be described in the following. In particular, in the
present study, Mori’s uncanny valley theory [10] becomes
relevant, because according to this theory, people feel more
familiar with robots and are more willing to accept them
the more humanlike these robots become. However, shortly
before the ideal of perfect humanness, the curve breaks inwards; familiarity reverses into uncanniness (cf. Fig. 2) and
people react negatively towards the robot (e.g. disgusted,
distressed).
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Mori describes this effect for still as well as for moving objects, although the latter are considered as eliciting stronger effects. Although—or because—Mori’s theory lacks precise definitions for realism or human-likeness
and familiarity, it is suitable for various applications. Also
the translation of Mori’s dimensions is controversial. The
x-axis is represented as the dimension of human-likeness
or as the dimension of anthropomorphism. For a long time,
the y-axis has been translated as familiarity. Bartneck and
colleagues [18, 29] discussed that Mori’s term shinwa-kan
might be better translated as affinity or likability than familiarity. Indeed, a new translation of the original article
also poses affinity as the most appropriate translation for
shinwa-kan [30]. With regard to the uncanny valley theory
the term affinity indeed makes more sense, since it includes
a state of acceptance or rejection which is not generally included in the term familiarity. Despite the early introduction of the uncanny valley theory to scientific discourse, researchers mostly refer to it anecdotally as an explanation
for their unexpected results (e.g. [31, 32]). Thus, since the
1970s, the uncanny valley has been an often-cited explanation in science as well as in the public sphere, which has
barely been tested empirically. However, starting in the year
2005 robot scientists have set about the task of investigating the uncanny valley more systematically. First attempts
aimed to provide the empirical evidence for its existence
[11–13] or to explain the uncanny valley effect using classical work from communication theories [11]. Further studies
vary greatly in their addressed research questions, because
the uncanny valley is tangent to diverse concepts like anthropomorphism and robot appearance or the perception of
agency. For instance Kanda et al. [33] examined the effect
of appearance (human vs. bipedal robot vs. wheeled robot)
on participants’ nonverbal behavior; and Tondu and Bardou [34] discuss implications of anthropomorphism for the
uncanny valley; while Gray and Wegner [35] concentrate on
mind perception and the uncanny valley.
The following section reports on previous work on the
uncanny valley phenomenon as well as previous studies using the same android in similar real world settings and gives
a short review on proposed explanations for the occurrence
of the uncanny valley effect.
2.2 Laboratory Studies Investigating the Uncanny Valley
Several studies experimentally analyzed the uncanny valley.
The approaches of these studies vary a lot and range from
employing a single or a set of pictures to videos and interactions with real android robots. A first study by MacDorman
([36], also reported in [11]) addressed possible explanations
for the uncanny valley. MacDorman presented participants
a picture of a young woman or a picture of a turned-off female android (alongside with other stimuli) and attempted

to show that the android reminded the subjects of their own
mortality indicated by the emergence of distal defense reactions according to the terror management theory [37]. Participants in the android group showed more distal defense
reactions relative to the control group. However, the author
discussed that these reactions apply to one particular stimulus, making it necessary to further investigate different stimuli.
Also on the basis of unanimated pictures MacDorman
and Ishiguro [11] investigated peoples’ reactions towards
morphed pictures on a continuum from mechanical robot
to humanoid robot to human. Indeed, results showed that at
the threshold between mechanical and humanoid robot the
perception/experience of uncanniness was increasing and
the picture was also rated as less human. Admittedly, these
results were relativized by Hanson [15] who repeated the
study based on the same stimulus material (the same mechanical robot, the same human person) but created two different sets of morphs: the first set was identical to MacDorman and Ishiguro’s study, the second set comprised morphs
which were more attractive. While for the first set the previous results of MacDorman and Ishiguro could be replicated,
there was no uncanny valley effect for the more attractive
morphs. Hanson concluded that the uncanny valley and the
connected negative reactions can be avoided by clever manipulation at least on the level of appearance.
However, the results of these experiments reflect only
one side of the uncanny valley, those of the not animated
subjects and should be extended also addressing uncanny
robotic movement. Consecutively, it has been investigated
whether this effect also occurs (and maybe even stronger)
while presenting animated stimuli. MacDorman [12] conducted a study in which participants rated 14 videos of various robots with regard to their human-likeness, their familiarity and their eeriness. The set of videos contained two
control videos (a human and an industrial robot arm) and
12 videos of predominantly humanoid and android robots
which were filmed in different settings fulfilling different
tasks. Results did not show a clear uncanny valley effect on
the continuum human-likeness. The author concluded that
the alikeness with a human is just one of many factors determining the perception of a robot as humanlike, familiar
or even uncanny. MacDorman saw this result as indicator
that the uncanny valley can be overcome by the manipulation of these other factors (e.g. movement). In contrast to
the morphed pictures in previous studies which presented
themselves in a consistently gradient change the videos differed extremely with regard to setting, tasks the robots fulfilled, accompanying sound and speech output respectively.
The variation of these additional factors movement, tasks,
setting, speech output could thus overcome the uncanny valley, which was reported as in line with the results of Hanson’s study [15] in which the uncanny valley effect was extinguished by the manipulation of attractiveness.
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Ho, MacDorman and Pramono [38] replicated the study
based on the evaluation of videos, but concentrated on
the assessment of the participants’ emotions. In contrast
to the previous study, the authors used more comparable
videos which did not include sound and showed predominantly the head of the robots. In addition to the typical uncanny valley related items (e.g. “The figure looks
strange/eerie/creepy/humanlike.”) participants should report
their emotional state (e.g. “The figure makes me feel ___.”;
blanks were filled with emotional term: e.g. disgusted,
happy, fear). As a result the authors conclude that eerie and
creepy are more appropriate than strange to describe the uncanny valley phenomenon. Moreover, they state that fear is
highly predictive for eerie and creepy. The authors conclude
that their results cannot rule out one of the two focused explanations (fear of own mortality, mechanism for pathogen
avoidance) and frame the uncanny valley as “nexus of phenomena with disparate causes” (p. 175).
Besides the use of pictures and videos also android robots
were used in laboratory experiments. In a study by Noma
and colleagues [39] participants were confronted in what the
authors call a Total Turing Test [40, 41]. Participants saw a
human woman or the female android ReplieeQ2 showing either no movement (static condition) or natural movements.
Participants were exposed to one of these conditions for either one or two seconds and were asked whether they saw a
human or a robot. Not surprisingly the human woman was
identified as human most often, followed by the moving android and the static android. Moreover, the fellow human
was rated as significantly more humanlike than the static
android, while there was no significant difference between
human and moving android. The authors see this as an indicator that movement contributes to the human-likeness of
the android. The displayed behaviors were, however, still
very limited, because they imitated a human sitting naturally. In addition, the authors discuss that the idea of a Total Turing Test is that people are not able to distinguish human and machine on the basis of a longer interaction. In
this study, the exposure time was very short, thus, longer
exposure could elicit different effects. In a study by Bartneck, Kanda, Ishiguro and Hagita [29] participants engaged
in short interactions with an android robot. The study addressed two dimensions of the uncanny valley in a laboratory study using the android robot Geminoid HI-1. First,
they compared an actual human with his android counterpart (Geminoid HI-1 and its originator Prof. Ishiguro) and
varied the factor anthropomorphism for the android (masked
android with a visor, android wearing glasses). Second, the
movement of the android (or person respectively) was varied. The android or person either showed full movement
(head movement, gaze, and randomized subtle movements)
or limited movement (look straight ahead at the participant).
For the android conditions prerecorded sentences of Prof.

Ishiguro were used as well as his nonverbal behavior which
was recorded using motion-capturing. For the android in
the limited movement condition all movements except lipsynchronization and eye-blinking were deactivated. Participants engaged in a short interaction with the person or android in which they were asked for their age, university affiliation and name. Results showed that the human was rated
as more humanlike. However, the human was not rated as
more likable, nor were differences found between the android conditions with regard to human-likeness and likability. Movement in the android conditions did not result in any
significant effect. However, Prof. Ishiguro was rated as less
humanlike in the limited movement condition compared to
the full movement condition. The authors discuss the possibility that participants punished the human, because his behavior did not comply with social standards. The android
robots, however, may not be subject to these social standards and might therefore be unaffected in their ratings. The
authors conclude (a) that movement should be considered
as multi-dimensional factor, because it carries social meaning which might also vary between humans and robots, and
(b) that also anthropomorphism is a multi-dimensional concept that includes not only appearance, but also behavior.
Again, the exposure time was quite short and the interactions were very restricted, thus, we expect that results might
be different when participants encounter an android robot
for a longer period of time with more freedom regarding the
content of the interaction.
2.3 Geminoid HI-1 in the Uncanny Valley? Previous
Observations on Geminoid HI-1 in the Field
In fall 2009, the annual “ARS Electronica” festival in Linz,
Austria, featured the android Geminoid HI-1 and its creator,
Hiroshi Ishiguro, as a special attraction in the overall context
of the arts festival. Before the official beginning of the festival, Geminoid HI-1 was placed in the Café CUBUS in the
ARS Electronica building. The android robot sat behind a table, with a laptop in front of it and an information desk about
Kyoto and its attractions beside it (see Sect. 3 for a more detailed description of the setting). During the festival itself,
it was installed as an exhibit in the basement of the ARS
Electronica building. Within both settings, different studies
(including the study reported in the current paper) took place
investigating diverse research questions. Two of these studies will be presented in the following.
Within the Café CUBUS setting, 30 visitor dialogues
with Geminoid HI-1 (teleoperated by a fellow participant)
were analyzed with regard to the identity perception of
the interlocutor facing Geminoid HI-1 and identity creation
of participants teleoperating the robot (see [42]). The results show the tendency of both—the teleoperator and the
interlocutor—to ascribe an identity to the android robot

Int J Soc Robot

Geminoid HI-1, which is independent of the identity of the
person controlling the robot. The authors conclude that the
humanoid features of Geminoid HI-1 elicit assumptions on
the part of the user about the robot’s (humanlike) character,
expected reactions and conversational skills, which is therefore treated as a social actor (cf. [43, 44]). However, the
analysis of the speech sequences also revealed that Geminoid is placed as an “entity ‘in-between’ ” [42], referred to
with anthropomorphizing words and human characteristics
as well as robotic characteristics. This finding seems to be
connected to the argument of Ramey [45], who states that
the categorization of objects and experiences is imperative
for humans. Robots, however, cannot be categorized easily
and reliably into either “human” or “machine” or “alive” and
“not alive”, because they are at the boundary between these
categories.
Becker-Asano et al. [46] report on interviews conducted
with 24 visitors to the festival who previously interacted
with Geminoid HI-1 within the exhibition. When asked to
describe the android robot, the visitors gave more positive
descriptions of Geminoid HI-1 (e.g. very humanlike, striking verbal skills, terrific, very likable) than negative descriptions (e.g. surreal, quite thick fingers, too obviously robotlike, a bit scary). When asked directly about their emotional reactions towards the robot, 37.5 % (9 participants) of
the interviewed visitors reported an uncanny (or strange or
weird) feeling, and 29 % (7 participants) stated that they enjoyed the conversation. Interestingly, for five of these cases,
the interviewees’ feelings even changed during the interaction. For example, one reported that the interaction was
“amusing” at first, but that he experienced a “weird” feeling when he discovered that his interaction partner was actually a robot. Most descriptions of Geminoid HI-1 were
related to its outward appearance, with negative attributes
being uttered here in particular. Negative descriptions also
referred to imperfections of its movements. With respect to
emotional reactions, fear was found to be the predominant
emotion which relates to the uncanny valley hypothesis, because in theories on emotion fear is regarded as indicating a
person’s submissive behavioral tendency to withdraw from a
threatening or unfamiliar situation (cf. [47]), an assumption
which is in line with the work of MacDorman and colleagues
[11, 38]. The authors conclude that “Geminoid HI-1’s inadequate facial expressivity as well as its insufficient means
of producing situation-appropriate social signals (such as a
smile or laughter, [. . . ]) seems to impede a human’s ability
to predict the conversation flow” [46], thus causing feelings
of not being in control of the situation.
2.4 Proposed Explanations for the Uncanny Valley Effect
and Revised Models
The present study will not directly address possible explanations for the uncanny valley effect, but will examine whether

uncanny valley related reactions are also observable in a real
world scenario. However, we regard it as important to review
the explanations which have been proposed so far in order
to discuss our results also with regard to these possible explanations.
Proposed explanations for the uncanny valley effect
can be roughly classified as cognitive-oriented approaches
and evolutionary-biological approaches. With regard to
the cognitive-oriented approaches, MacDorman and Ishiguro [11] identified different explanations for the uncanny
valley, for instance the violation of previously triggered expectations. In this context, Cowley and MacDorman [48]
emphasize the importance of nature norms (e.g. average
body temperature of 36 °C) and interactional social norms.
However, androids often violate the expectations of their
human interaction partner. This triggering and violating of
norms can occur across different modalities and include various perceptual and sensorimotor processes. A very similar explanation has been proposed by Bartneck and colleagues [18] who refer to Minsky’s framing theory [49]
which explains that we organize knowledge on previous experiences with stereotyped situations in so called frames.
Bartneck et al. state that when people encounter a machinelike robot they would select a “machine frame”. They propose that the human-like features this robot has would
deviate from the expectations, but would attract attention, because humans tend to like other humans. However,
when people would meet an android robot, they would
select a “human frame”. Again the deviations from the
expectations—in this case machine like features—will attract attention. Only in this case, these deviations would be
disturbing.
An analogical explanation mentioned by MacDorman
and Ishiguro [11] is the violation of category boundaries
from Ramey [45, 50] who stated that for humans a categorization of all objects and events is obligatory. However, the
categorization of humanoid robots or even androids into one
of the categories “animate” or “inanimate” cannot be done
easily and reliably, because they are at the boundaries between these categories. Since category boundaries are not
static, there is the possibility that humans form a third category about humanoid robots through repeated contact which
would solve the dilemma. This approach does not see the
uncanny valley as a unique phenomenon only involving humanoid robots, but rather regards the uncanny valley as part
of a class of cognitive and perceptive states of uncertainty at
category boundaries.
MacDorman and Ishiguro [11] also present approaches
with origins in evolutionary biology. First, they state that
androids are uncanny to the extent to which they differ from
the nature norm of physical attractiveness. And second, the
authors refer to Rozin’s theory of disgust [51, 52]. Disgust
is described as an evolutionary developed cognitive mechanism to avoid the risk of infection and the risk of genetically
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inadequate mating partners. Genetically similar organisms
comprise the risk of transferring diseases. Therefore, organisms with completely different genes are not disgusting and
neither are healthy exemplars of the own species. Diseased
or potential partners with bad genes, however, elicit disgust.
MacDorman and Ishiguro [11] summarized that the uncanny
valley is a mixture of different phenomena and thus may or
must have different causes.
2.5 Research Questions
In conclusion, the uncanny valley is a highly debated theory. As summarized by Bartneck et al. [18] and Blow et
al. [53] the proof for Mori’s hypothesis has been rather
scarce. Studies on the phenomenon show very mixed results.
The hypothesis alludes to different concepts which are in
itself multi-dimensional (e.g. familiarity, likability and anthropomorphism) and thus cannot be projected into the twodimensional space of the original uncanny valley graph. Previous experiences with robots will influence our familiarity with them and thus familiarity will change over time.
Likability is also a multi-dimensional construct. Whether
we like someone (or something) is influenced by manifold
factors. We tend to like members of our in-group which
has been shown to be true also for fictional groups consisting of humans and computers [54]. Von der Pütten and
Krämer [55] identified different characteristics of robot appearances (e.g. mechanical/humanoid/android, but also toylike and colours) which resulted in different ratings of the
robots with regard to their likability. The android robots received different ratings on likability. The mostly Caucasian
participants rated the Caucasian looking android as more
likable than the Asian or Arabic looking androids. While
there is little known about what exactly is perceived as likable when it comes to robots which are not android, it can
be assumed that the perception of androids follows the same
complex social psychological principles of e.g. group conformity and physical attractiveness which are usually applied in human–human interactions.
With regard to previous work on the uncanny valley hypothesis most studies are limited in their explanatory power,
because they use pictures and videos instead of real robots
or utilize only one single robot. However, given the limited
number of existing android robots, their availability and the
immense time and cost effort to conduct a comparative study
involving several of these robots, research in the near future
will still be limited and only be able to examine specific aspects of the uncanny valley phenomenon.
Also in the present study we will focus on two specific
aspects of the uncanny valley phenomenon. First, we want
to explore whether uncanny related responses are also observable in human–android interactions in the field where
participants are not prompted about the robotic nature of the

android and where the situation does not follow predefined
scripts. And second, we examine the influence of android
movement on uncanny valley related responses in this real
world scenario.
According to the uncanny valley hypothesis, the android
robot used in this observational field study might fall into
the uncanny valley, since the android looks strikingly humanlike. The displayed behavior, however, is very limited
and does not reach the quality of the android’s outer appearance. It is therefore worthwhile to analyze the gathered
data in light of the uncanny valley effect. The presented research provides interesting insights into how people interact with robots in natural environments, although all these
studies have certain limitations. In the previously presented
Geminoid HI-1 studies, the visitors were prompted to talk
about the robotic nature of Geminoid HI-1 or about the experimental situation, because it was explicitly placed at the
festival as an exhibit or subjects were invited to take part in
a conversation with a tele-presence robot, respectively. The
present study also took place within the described setting
of the ARS Electronica Festival. In contrast to the studies of
Straub et al. [42] and Becker-Asano et al. [46], however, participants were not informed about the robot. Thus, an analysis of these unprompted, unscripted interactions might reveal different reactions towards the robot. Furthermore, interviews only allow for the assessment of reactions that are
under conscious control or upon which the participants are
able to reflect. What has not yet been analyzed in depth is
the human interlocutors’ nonverbal behavior, which is more
direct and spontaneous. An analysis of participants’ nonverbal behavior might thus offer valuable clues as to the
nature of human–robot interaction. Finally, addressing an
important aspect of the uncanny valley hypothesis, we varied the behavior displayed by the android robot in a quasiexperimental setting in order to investigate whether and how
the robot’s behavior (still vs. moving) influences the participants’ nonverbal behavior (e.g. attention paid to the robot,
proximity).
Since the displayed behavior of the robot is not as perfect as its outer appearance suggests, we assume that people
encountering the moving android will more easily recognize
that they face a robot. According to the uncanny valley hypothesis moving objects will elicit stronger uncanny valley
responses than still objects. We thus pose the following hypotheses:
H1: People encountering the moving android will more easily recognize Geminoid HI-1 as a robot than people encountering a still android.
H2: People encountering the moving android will more often report on feelings related to the uncanny valley effect
than people encountering a still android.
Moreover, we are interested how people react towards
an android in unprompted and unscripted interactions and

Int J Soc Robot

whether the robot’s behavior (still vs. moving) influences
participants’ nonverbal behavior, leading to the following research question:
RQ1: How do people behave towards robots in a natural environment in unscripted and unprompted situations?
RQ2: Is the participants’ nonverbal behavior influenced by
the robot’s behavior?

3 Method
3.1 General Setup
Fig. 3 Setup with Geminoid HI-1 in the Café CUBUS

Prior and during the Ars Electronica Festival 2009 Geminoid HI-1 was placed in two locations at the ARS Electronica Center (AEC) in Linz. The android robot was on display
as an exhibit during the festival in the basement of the AEC
and prior to the festival it was placed in the Café CUBUS
which is also part of the AEC and a well-known tourist café.
During the whole time period data were collected for different purposes using different set-ups.
The analyzed data we present here was collected during
Geminoid HI-1’s time in the Café CUBUS from the 10th
to the 30th of August. From this time period we chose those
eleven days where Geminoid HI-1 was displayed in the same
setting: the android sat on a chair behind a small table with
a laptop in front of it in order to give the impression of a
working visitor; cf. Fig. 3. Next to the robot, people could
find information material about traveling to Japan. The scene
was video-recorded from five camera perspectives: one behind the android to record participants just in front of it (cf.
Fig. 4), one facing and recording the android (cf. Fig. 5) and
three cameras covering the rest of the room.
People were not given any hints that they might encounter
a robot within the café. Most of the guests entered the café
using the elevator. They then passed the robot on their way
to the bar, where the interviewer asked them to participate
in a short interview (see Fig. 3). Some guests came from the
stairway (“behind” the yellow wall in the direction of the
bar) or from the outside patio.

Fig. 4 View from camera behind Geminoid HI-1

3.2 The Android Geminoid HI-1 in Different Conditions
Geminoid HI-1 is an android robot and a duplicate of its
scientific originator Hiroshi Ishiguro (HI). Geminoid HI-1
was designed to function as an embodied interaction tool
in a human shape, which can be controlled from a distant
location by teleoperation. The robot is covered by silicone
skin with natural skin tone, wrinkles etc. Geminoid HI-1 is
able to show facial expressions and move its head, torso,
arms and legs driven by 50 pneumatic actuators [56]. The
robot features idle behavior, which includes breathing, eye
blinking and in some cases posture shifts and was designed

Fig. 5 Camera view recording Geminoid HI-1

to express animation. Further expressive movements can either be separately programmed or executed in real time via
teleoperation. During the eleven days of data collection for
this analysis, Geminoid HI-1 was presented in two different
conditions, which are listed in the following.
Still Condition Geminoid HI-1 was presented in the still
mode, in which the robot was merely looking down at the
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Table 1 Distribution of subjects across conditions
Geminoid HI-1

3.3 Interviews
Hiroshi Ishiguro

Still: n = 30
Moving: n = 45

n=7

Total N = 82

laptop in front of it, ignoring passersby. It showed the abovementioned idle behavior.
Moving Condition In the moving mode, Geminoid HI-1
looked up when the participant looked straight in its direction or more precisely in the direction of the camera behind
Geminoid HI-1, which used face-tracker software. The facetracker software module was an extension of the OpenCVbased “Face Detection” source code [57]. It tracked one or
more frontal faces over a sequence of images taken from a
video stream, allowing Geminoid HI-1 to follow one particular visitor with its gaze, even if he or she was moving slightly. Eight to ten times per second, the algorithm
checked with the previously stored information about recognized faces at the very same position. When a previously
recognized face stayed in the same place and kept looking frontally into the camera, the algorithm gave this face
a one-step-higher priority. If a new person joined the situation and faced the camera frontally, the algorithm started
the same procedure of counting up (beginning with priority zero) for the new face. A priority shift took place when
the “old” face broke eye contact with Geminoid HI-1, because, for instance, the subject turned to face the newcomer.
In this case, the “old” face was no longer observed. The new
face then had a higher priority and Geminoid HI-1 faced
the newcomer. When nobody interacted with Geminoid HI1 and the algorithm did not recognize any faces, Geminoid
HI-1 returned to look down at the laptop.
Furthermore, seven participants interacted with the human counterpart of Geminoid HI-1, Prof. Hiroshi Ishiguro,
who sat at the very same table as Geminoid HI-1 working
quietly until he was addressed by the subjects.
Table 1 shows the distribution of subjects across conditions. As people went to the café to enjoy their free time
and not with the intention to take part in an experiment, we
were dependent on their willingness to participate in the interviews. Thus, it was not possible to ensure to have an equal
distribution. The experimental design, however, was not the
most important aspect of this study, because the investigation of the general reactions towards Geminoid HI-1 was
also important. Since the group of participants interacting
with Prof. Hiroshi Ishiguro is too small to compute comparisons with the other experimental groups, results will be
reported anecdotally in a separate section.

On 11 of the 20 days, passersby were asked to participate in an interview. The interviewer addressed the participants with the following standardized sentences: “Hello. We
would like to conduct a brief interview with you if you have
a moment. It does not take longer than ten minutes and you
would be volunteering to contribute to scientific research.”
If participants asked what the interview was about, the interviewer told them the following: “The interview is about
your personal experience within the last five minutes since
you entered the café. We won’t ask personal questions and
you may withdraw from the interview at any time without
giving reasons for withdrawal”. The interviewer stood at the
entrance to the bar of the Café CUBUS, recruited participants and guided them into a quieter corner of the bar. From
the moment of recruitment, participants had no possibility to
look back into the room where Geminoid HI-1 and the information desk were placed. The interview was held in German
or if necessary in English. First, subjects were asked to provide some demographic information (age, gender, nationality, profession). They were also asked whether they work at
the AEC or had been in the café CUBUS before. Then, the
interviewer asked whether they noticed the info table next to
Geminoid HI-1. If the participants gave a positive answer,
they were requested to describe the table. If they had not
noticed the table, they were asked whether they perceived
something unusual or special when they entered the café.
From these follow-up questions, we derived whether the interviewees recognized the robot or mistook it for a human
being. As last question all participants were asked whether
they happen to know the robot Geminoid HI-1. Participants
were debriefed and thanked for their participation.
3.4 Analysis of Videos
We identified the 82 subjects who agreed to be interviewed
and videotaped within the video material and extracted the
interaction sequences starting from the moment of the subjects’ first appearance until they were recruited and guided
into the next room by the interviewer. The video material was annotated in ELAN (Max Planck Institute for
Psycholinguistics, Nijmegen, The Netherlands; http://www.
lat-mpi.eu/tools/elan/, [58]). We assessed different behaviors of the participants. First, we assessed the total time
for which people appeared in the videotaped area (which is
coded as appearance time) and had the possibility to notice
the info table and the robot and engage in interactions. We
then annotated the participants’ attention directed to Geminoid HI-1. In this category, we subsumed two different behaviors: when subjects were in the direct vicinity of Geminoid HI-1, we were able to observe gaze behavior and coded
the eye contact established with Geminoid HI-1; when participants were further away, we assessed the amount of time
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Fig. 6 Proximity areas

for which they faced Geminoid HI-1 frontally. Both times
were summed up as attention directed towards Geminoid
HI-1. In addition, we coded the participants’ verbal behavior. We assessed whether, and if so for how long, they talked
to Geminoid HI-1, to third persons or said something unrelated to the situation. Furthermore, we looked for behaviors
which attempt to test Geminoid HI-1’s capabilities and reactions, e.g., waving in front of the robot’s face, grimacing or
making a funny face, raising eyebrows, taking a picture, etc.
Lastly, we coded the participant’s proximity to Geminoid HI1. Proximity was always coded using the same camera perspective (camera 1) so as to guarantee reliable coding and
was based on previously defined proximity areas, namely
the “outer area”, the “vicinity area”, the “adjacencies or table area” and “touch”, which are illustrated in Fig. 6. The
proximities areas were identified using landmarks which are
easily to detect in the videos and did not change during
the cause of the experiment. The proximity areas are very
close to Hall’s proximity zones [59, 60] of the intimate space
(<0.46 m = touch), personal space (<1.22 m = table area),
social space (<3.66 m = vicinity area) and the public space
(>3.66 m = outer area).
We assessed the amount of “eye contact” established by
Geminoid HI-1 (looking up and facing a participant). On
the one hand we wanted to ensure that in the moving condition Geminoid HI-1 was really looking up. On the other
hand, the amount of eye contact established by Geminoid
varied in the moving condition, in dependence of the number of participants surrounding Geminoid HI-1 and participants’ eye contact. Furthermore, it was coded whether there
was a group situation when the participants encountered the
robot (Geminoid HI-1 is alone vs. Geminoid HI-1 is surrounded by visitors when subject arrives) and whether the
participants were in company (subject is alone vs. in company) when they entered the café.
Ten percent of the coded video material (videos of 10 participants) was coded by a second rater. The ratings were

checked for agreement between the two raters using the inbuilt function in ELAN for comparing annotators. Within
this function, the begin time and end time of each annotation
is given, and the amount of overlap, the total extent (time
from lowest begin time until highest end time) and a value
indicating the agreement is calculated (overlap/extent) for
each category in each video, which were then averaged over
all 10 videos used for cross-coding. The inter-rater reliability values are as follows: 96 % for the category “appearance
time of participants”, 86 % for the category “attention to
Geminoid HI-1”, 86 % for category “Geminoid HI-1’s eye
contact with participant”, and 94 % for category proximity.
Annotators agreed 100 % on the occurrences of specific behaviors (such as talking to Geminoid HI-1, waving hands in
front of the robot’s face, taking pictures, grimaces).
3.5 Sample
107 guests were interviewed, of whom 98 (38 male, 60 female) agreed to be audio- and videotaped. Their age ranged
from 8 to 71 years (M = 38.43, SD = 14.98). The majority were Austrians (81), followed by visitors from Germany
(12), Italy (2), Spain (1), Belgium (1) and the Netherlands
(1). Nine participants were retired, 20 were school pupils
or university students, and 61 were employees. Eight participants did not indicate their profession. From these 98
volunteers, 16 interacted with Geminoid HI-1 when it was
remote-controlled by a confederate. These data sets were
not included into the analysis, because there was too much
variation in Geminoid HI-1’s behavior. Moreover, seven participants interacted with Prof. Hiroshi Ishiguro. The sample
size of this group was too small, thus, these results will be reported separately. The remaining 75 data sets were included
for the analysis of interviews and behavior.
Although the Café CUBUS is part of the AEC, it does
not only attract visitors to the Center. As it offers upscale
cuisine, unique architecture and an outstanding view over
the Danube and the local recreation area next to the river, it
has many frequent guests as well as tourists coming in. Fourteen participants stated that they had visited the café before,
while some stated that their travel guide recommended the
café. We thus assume that our interviewees are not predominantly interested in the ACE or the festival, which began
two weeks after the data collection. Indeed, only three participants stated that they visited the ACE exhibition before
entering the café. We asked participants whether they heard
about Geminoid before. Twelve participants indicated that
they probably heard of Geminoid. But when the interviewer
told them that Geminoid was the Asian man sitting in the
café, they were utterly surprised and it was obvious they did
not know beforehand what exactly the “Geminoid robot” is.
Only two participants were in the exhibition and read about
it. One participant was told beforehand by an acquaintance
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Table 2 Detection of Geminoid HI-1 as a robot
Recognize Geminoid as. . .

A human being
A robot or a puppet
From those who recognized
the robot, some stated that
they mistook him as a human
in the first stance.

Still

Moving

Total

n

n

n

10 (13 %) 7 (10 %)

17 (23 %)

10 (13 %) 30 (40 %) 40 (53 %)
4

16

20

Did not recognize Geminoid
HI-1 or the info table at all.

10 (13 %) 8 (11 %)

18 (24 %)

Total

30

75

45

All percentages of total N = 75

that there is a robot in the café. Thus we are sure that the majority of the participants were neither biased nor had prior
experiences with Geminoid.

4 Results
4.1 Interviews
To answer H1, we derived from several open questions (see
above) whether participants recognized the robot or mistook
it for a human being. Of the 75 participants, 18 made no
comments on this question (24 %), because they had noticed neither the table nor the robot. They interpreted the
questions as addressing the architecture of the café, which
indicates that Geminoid HI-1 was not recognized as uncommon and did not become sufficiently salient for the participants. From the 57 participants (76 %) who recognized the
setting with Geminoid HI-1, 17 people mistook Geminoid
HI-1 for a human being. Most of these participants did not
believe that it was indeed a robot even after the experimenter
had told them, and some announced that they would return
for a second interaction. Forty participants clearly stated that
they had seen a robot, although 20 of these mentioned that
they initially mistook the robot for a human (cp. Table 2 for
distribution of these statements across conditions).
We calculated Pearson’s chi-square test and found a
significant association between the manipulated condition
(still, moving) and whether or not participants would recognize Geminoid HI-1 as a robot χ 2 (2) = 8.075, p = 0.018
(see Table 2). This seems to represent the fact that, based on
the odds ratio, the odds of participants recognizing Geminoid HI-1 as a robot were 4.35 times higher when Geminoid
Hi-1 was displayed in the moving mode.
With regard to H2, namely whether participants make uncanny valley-related statements, we analyzed which reasons
people gave for why they recognized Geminoid HI-1 as a

robot and whether they stated that they experienced negative emotions. In order to avoid artificially prompting or
suggesting experiences of uncanniness, there were no explicit questions regarding participants’ possible (negative)
emotional experiences with regard to the uncanny valley.
However, we found that only four participants mentioned
unprompted that Geminoid HI-1 gave them an uneasy feeling (n = 4; “it looks so real, a little uncanny”; “I think that
might be unpleasant” (to use Geminoid HI-1 for advertising)). When asked why they recognized that Geminoid HI1 is not human, most participants referred to the stiff posture and abrupt movements (n = 12, e.g.: “he sits there in
a weird way”; “his movements are too jerky”; “I recognized
no movement, the hands. . . ”; “his restricted motor activity”)
or the lack of movements (n = 2, e.g.: “We waved, but he
didn’t wave back.”). Others mentioned that his face seemed
like a mask (n = 5) and his hands looked unnatural (n = 8).
Two mentioned that they recognized that the “man” sitting
there was jacked up in some way (e.g. “he was jacked up”; “I
saw cables”). One participant initially concluded that Geminoid HI-1 might be a disabled person and two thought it was
a wax figure. Some participants had difficulties in formulating their first impression of Geminoid HI-1 and eventually
described it as “kind of artificial being”, “extraterrestrial”,
or just a “weird person”. In sum, different aspects seemed
to influence the participants’ perception of Geminoid HI-1.
As suggested by the uncanny valley theory, crucial factors
were the movement as well as the unnatural hands and its
unexpressive face.
With regard to the participants’ interest in the robot, we
found that among the forty participants who recognized
Geminoid HI-1 as being a robot, twelve participants stated
that they did not engage in longer interactions, because getting a coffee or something to eat was of higher priority than
dealing with a robot. However, some suggested that they
planned to go back and have a closer look later on.
4.2 Videos of Interactions
According to RQ1, we analyzed different behaviors such
as the time people appeared in the café, whether they
performed actions to test the robot’s capabilities, whether
they spoke to Geminoid HI-1, and their nonverbal behavior (proximity to the robot, attention directed towards the
robot).
4.2.1 Appearance Time and Testing Actions
The amount of time for which people interacted with (or
passed by) Geminoid HI-1 lay between 9.25 seconds and
277.44 seconds (M = 48.17; SD = 47.17). The high standard deviation shows how large the individual differences
are in terms of the amount of time people spent in the
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café before they were asked to be interviewed. Some people quickly passed by the robot, whereas others spent several minutes exploring the robot’s capabilities. A one-way
ANOVA with the independent variable condition resulted in
a main effect (cp. Table 3). Participants in the moving condition spent significantly more time in the part of the café
where Geminoid HI-1 was placed. A one-way ANOVA with
the independent variable detection of the robot also resulted
in a main effect (cp. Table 4). Participants who recognized
Geminoid HI-1 as a robot spent significantly more time in
the part of the café where Geminoid HI-1 was placed.
People tried different actions to test whether Geminoid HI-1 would react to them. Only one person touched
the robot, although we observed that some accompanying persons touched Geminoid HI-1 while the interviewees
watched or took a picture of the interaction. Four subjects
waved (partially in front of Geminoid HI-1’s face), one stuck
out her tongue; one grimaced and two persons raised their
eyebrows in an exaggerated manner. Two subjects took a
picture or videotaped the interaction and five participants
talked to Geminoid HI-1 (for the distribution across conditions, cp. Table 5). Interestingly, these actions by the participants to test Geminoid HI-1 were not performed in the still
condition, but only in the moving condition. Moreover, all
the participants who performed these actions stated that they
recognized the robot as a robot, except one participant who
seemed to be confused by the indirect questions and stated
that she did not recognize the info table or anything special
or unusual at all, but she observed the robot and waved to
the robot.

4.2.2 Proximity
Regarding proximity, we wished to ascertain how close people came to Geminoid HI-1 and how long they stayed in the
different proximity areas. Here, too, we found great interindividual differences, indicated by the high standard deviations over all proximity categories. The time spent within the
“outer area” varied between 7.48 s and 147.25 s (M = 27.98;
SD = 20.35). Most participants at least briefly went through
the “vicinity area” and only three of the visitors chose a different path to cross the dining area to reach the bar. The remaining 72 participants were in the vicinity area for between
1.36 s and 243.31 s (M = 12.25; SD = 28.97). Seventeen
subjects (22.6 %) entered the “table area” and stood close
to the table in front of the robot or surrounded the table to
have a closer look at the robot. Subjects remained in the “table area” from 1.14 s to 214.36 s (M = 9.27; SD = 29.44).
Only one person touched Geminoid HI-1.
A one-way ANOVA with condition as independent variable and the proximity categories as dependent variables revealed no significant effects (for mean values cf. Table 6).
A one-way ANOVA with the independent variable “detect
Geminoid HI-1 as robot” and the proximity (vicinity area) as
dependent variable revealed a significant effect which shows
that people who recognized Geminoid HI-1 as a robot spent
more time in the vicinity area (cp. Table 7).
4.2.3 Participants’ Attention Towards Geminoid HI-1
We coded the attention which participants paid to the robot
as described above. By means of a one-way ANOVA, we
found that participants encountering Geminoid HI-1 in the
still condition paid significantly less attention to the android than participants in the moving condition (cp. Table 8).
Moreover, a one-way ANOVA with the independent variable
“detect Geminoid HI-1 as robot” and the attention participants paid to the robot as dependent variables revealed a
significant effect which shows that people who recognized
Geminoid HI-1 as a robot paid more attention to it (cp. Table 9).

Table 3 Participants’ appearance in seconds in dependence of the condition
Still

Moving

M (SD)

M (SD)

F

ηp2

p

Appearance time 32.33 (19.94) 58.73 (56.52) 6.02 0.017 0.076

Table 4 Participants’
appearance in seconds in
dependence of whether
participants recognized the
robot

Recognized Geminoid HI-1 as. . .
. . . a human

. . . a robot

. . . no statement

M (SD)

M (SD)

M (SD)

Vicinity area

29.53 (11.25)

64.31 (58.83)

29.91 (17.71)

n = 75

n = 17

n = 40

n = 18

Table 5 Distribution of testing
actions for the moving condition
(no actions in still condition)
Moving

F

p

ηp2

5.645

0.005

0.136

Touch

Wave

Grimace

Tongue

Picture

Raise eyebrows

Talk to Geminoid

1

4

1

1

2

1

5
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4.2.4 Speech
With regard to speech, we analyzed whether or not people
addressed Geminoid HI-1 verbally and how this behavior
was distributed across conditions. None of the people in the
still condition and 11 % in the moving condition spoke to
Geminoid HI-1 (cp. Table 5). Participants’ utterances in the
moving condition were quite short (three only said “hello”,
one said “I may take this [brochure], right?” and one said “I
am going to take a picture, now. No! Please look up again”).
4.2.5 Detection of the Robot
From the interviews, we already know that participants in
the moving condition were more likely to recognize Geminoid HI-1 as a robot. Besides the actual manipulation of
the experiment there might be other factors influencing peoples’ ability to recognize that Geminoid HI-1 is a robot.
We observed that some participants came alone to the café
whereas others came in pairs or groups (participants’ company). When people passed Geminoid HI-1 the robot was
sometimes surrounded by other visitors and sometimes sitting there alone (group situation). Moreover, the eye contact
Table 6 Time spent in the vicinity area in seconds in dependence of
the condition

Vicinity area

Still

Moving

M (SD)

M (SD)

5.13 (7.61)

16.99 (36.27)

Table 7 Time spent in the
vicinity area in seconds in
dependence of whether
participants recognized the
robot

Geminoid HI-1 established with participants and also the
attention paid to Geminoid varied in length. All these factors might influence participants’ ability to detect the robot
as a robot. Thus, we calculated a correlation analyses between participants’ ability to detect the robot and the Geminoid HI-1’s eye contact with the participant, group situation
(Geminoid HI-1 is alone vs. Geminoid HI-1 is surrounded
by visitors when subject arrives), company (subject is alone
vs. in company), the length of subject’s attention paid to
Geminoid HI-1. There were positive correlations for participants ability to detect the robot and participants’ attention
paid to the robot (r = 0.388, p = 0.001, n = 75) and Geminoid HI-1’s eye contact with the participant (r = 0.364,
p = 0.001, n = 75). In the following, we wanted to know
whether both factors also predict participants’ ability to recognize the robot and conducted binary logistic regression
analyses [61].
We found that participants’ attention paid to Geminoid
was predictive. The more attention participants paid to the
robot, the more easily people detected it as a robot (cp. Table 10). In addition, we found that Geminoid HI-1’s eye contact was predictive. The more eye contact the robot showed,
the more easily people detected it as a robot (cp. Table 11).
We assumed this effect to be mediated by the time people spent in the vicinity area. And indeed, the relationship
between Geminoid HI-1’s eye contact and the participants’
ability to detect that Geminoid HI-1 is a robot was fully mediated by the time they spent in the vicinity area. As Fig. 7
illustrates, the standardized regression coefficient between
Geminoid HI-1’s eye contact and detection decreased sub-

Recognized Geminoid HI-1 as. . .
. . . a human

. . . a robot

. . . no statement

M (SD)

M (SD)

M (SD)

Vicinity area

2.92 (1.34)

20.10 (38.09)

3.58 (3.18)

n = 75

n = 17

n = 40

n = 18

Table 8 Participants’ attention
directed towards Geminoid HI-1
in seconds in dependence of the
condition
Participants’ attention

Table 9 Participants’ attention
directed towards Geminoid HI-1
in seconds in dependence of
whether they recognized the
robot

Still

Moving

M (SD)

M (SD)

4.09 (7.90)

22.72 (35.65)

Recognized Geminoid HI-1 as. . .
. . . a human

. . . a robot

. . . no statement

M (SD)

M (SD)

M (SD)

Participants’
attention

2.81 (3.88)

25.87 (36.47)

3.45 (11.39)

n = 75

n = 17

n = 40

n = 18

F

p

ηp2

3.359

0.040

0.085

F

p

ηp2

7.896

0.006

0.098

F

p

ηp2

6.389

0.003

0.151
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Table 10 Logistic regression for Detection of Robot with the predictor
participants’ attention paid to Geminoid HI-1
B (SE)

Table 12 Logistic regression for Detection of Robot with the predictor
Proximity (vicinity area)

95 % CI for odds ratio
Lower

Odds ratio

B (SE)
Upper

Included

95 % CI for odds ratio
Lower

Odds ratio

Upper

1.03

1.07

1.12

Included

Constant

−0.806 (0.32)

Participants’
attention

0.118∗

(0.03)

1.04

1.125

1.21

Note:
= 0.35 (Hosmer & Lemeshow); 0.28 (Cox & Snell), 0.36
(Nagelkerke). Model x 2 (1) = 24.14, p < 0.001. ∗ p < 0.01
R2

Table 11 Logistic regression for Detection of Robot with the predictor
Geminoid HI-1’s Eye Contact
B (SE)

95 % CI for odds ratio
Lower

Odds ratio

Upper

1.01

1.049

1.08

Included
Constant

−0.494 (0.29)

Geminoid HI-1’s
eye contact

0.048∗ (0.02)

Note: R 2 = 0.14 (Hosmer & Lemeshow); 0.18 (Cox & Snell), 0.24
(Nagelkerke). Model x 2 (1) = 14.86, p < 0.001. ∗ p < 0.01

Fig. 7 Standardized regression coefficients for the relationship between Geminoid HI-1’s eye contact and the participants’ ability to detect that Geminoid HI-1 is a robot as mediated by the time spent in
the vicinity area (proximity). The standardized regression coefficient
between Geminoid HI-1’s eye contact and the detection of Geminoid
HI-1 as a robot controlling for time spent in vicinity area is in parentheses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

stantially when controlling for the time spent in the vicinity area. The other conditions of mediation were also met:
Geminoid HI-1’s eye contact was a significant predictor of
the participants’ ability to detect that Geminoid HI-1 is a
robot (cp. Table 11) and of the time spent in the vicinity
area (β = 0.71, t (88) = 9.53, p < 0.001, and also explained
a significant proportion of variance, R2 = 0.51, F(1, 90) =
90.81, p < 0.001). The time spent in the vicinity area was a
significant predictor of the participants’ ability to detect that
Geminoid HI-1 is a robot while controlling for Geminoid
HI-1’s eye contact (cp. Table 12).
4.3 Participants Meeting Prof. Ishiguro
Of the seven participants who met Prof. Ishiguro, five reported that they had noticed a (human) man behind the table

Constant

−1.086 (0.32)

Proximity

0.07∗ (0.02)

Note: R 2 = 0.21 (Hosmer & Lemeshow); 0.21 (Cox & Snell), 0.29
(Nagelkerke). Model x 2 (1) = 21.09, p < 0.001. ∗ p < 0.01

and the remaining two did not notice anything special at all.
Prof. Ishiguro established eye contact with all of the participants (M = 29.96 seconds; SD = 49.43). However, participants’ eye contact was rather short (M = 8.35; SD = 13.71).
One older couple stood in the (or next to the) table area
looking at the brochures and asking Prof. Ishiguro briefly
whether they were allowed to take one. All other participants did not engage in interactions and just passed by.

5 Discussion
The study aimed to open up a new perspective on the investigation of human–robot interaction with android robots in
the field. Thus, this observational field study presented data
of unprompted and unscripted interactions between humans
and the android robot Geminoid HI-1 in an Austrian café.
Ninety-eight participants were invited to take part in an interview and their interactions with Geminoid HI-1 were analyzed with regard to the following dimensions: the appearance time, proximity to the robot, attention paid to the robot,
actions to test the robot’s capabilities and verbal addressing
of the robot.
Unlike previous research investigating human–robot interactions with androids in laboratory settings or in field trials, in which the investigative nature of the study was obvious to the participants [42, 46], participants in this study
would not expect to encounter a robot. There were no hints
that they would interact with an android robot and the interactions did not follow any script. Given this very free situational context, we were interested in the question of whether
people would recognize the android as a robot and whether
this is mediated by different degrees of displayed behavior.
We found that thirty-five participants either mistook Geminoid HI-1 for a human, or even did not notice it at all, because it did not seem to appear conspicuously non-human.
This effect was mediated by the displayed behavior of the
android. People in the moving condition were able to most
reliably tell that Geminoid HI-1 was a robot, which might
be caused by the rather jerky movements of looking up from
the table to the participant or re-directing the attention to another participant. The effect was fully mediated by the time
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people spent in the direct area around Geminoid HI-1. This
means that Geminoid HI-1’s eye contact caused people to
spent more time in its adjacency and thus they clearly also
had more time to explore the robot’s capabilities.
When subjects became aware of the robot, they took a
closer look and some explored Geminoid HI-1’s capabilities.
Only in the moving condition, participants tested Geminoid
HI-1’s capabilities by waving their hands in front of its face,
saying hello to it, making a grimace or sticking out their
tongue in anticipation of an appropriate reaction. Interestingly, these actions were not performed in the still condition
(also not in the condition with Prof. Ishiguro). This might
be due to the fact that people also spent less time in front
of Geminoid HI-1 when it did not react at all to the participants. This is in line with the answers to the question of why
participants recognized that Geminoid HI-1 is not human
given that most participants referred to the stiff posture and
abrupt movements. Participants who encountered Geminoid
HI-1 in the still condition were only able to see very subtle
movements (blinking, breathing), if any at all and therefore
did not perceive this cue. Two participants mentioned that
they recognized that the “man” sitting there was jacked up
in some way. Participants in both conditions also mentioned
other reasons why they detected the robotic nature of the
Asian “man”, for instance the lack of movement, its unexpressive face, the clumsy hands or its skin.
With regard to the uncanny valley effect, we assessed
whether people reported unprompted about (negative) feelings regarded as being related to the uncanny valley effect
such as distress, fear or disgust. In contrast to Becker-Asano
et al. [46], who showed that around 37 % of the participants
mentioned emotional terms related to fear and disgust, participants in the present study did report less negative feelings in the interviews. Only three people (4 %) mentioned
that Geminoid HI-1 gave them an uneasy feeling. We see
two explanations for this lack of negative feelings. First, we
did not explicitly ask for the participants’ feelings and they
might hold back with this information, because they did not
regard this as important or appropriate to be mentioned during the interview. The second explanation could be that the
majority of the participants either did not experience negative feelings, or these negative feelings were only short-term
and were not reported during the interview, because the feeling has already vanished or has been resolved during and
after the interaction with the robot.
Against the background of Ramey’s [45] thoughts on the
uncanny valley and his theory that it is difficult to categorize
robots into either “alive” or “not alive”, it is very interesting that some participants indeed did not instantly describe
Geminoid HI-1 as either a human being or a robot. They
rather described their first impressions with words indicating
their difficulties in categorizing the robot, e.g. “kind of artificial being” or “extraterrestrial”. Others described the robot

with terms like “disabled person” or “weird person” indicating that they predominantly had the impression of a human being, but recognized something that did not fit into the
stereotype of a healthy man. This is in line with the findings
of Straub et al. [42], who found that Geminoid HI-1 was perceived as an entity “in-between”. However, with regard to
the participants’ behavior, we found that those participants
who noticed that Geminoid HI-1 was a robot showed interest rather than negative reactions. In general, the behavioral
data show that although Geminoid HI-1 should fall into the
uncanny valley, people were rather relaxed when meeting it
in public in this unscripted situation.
Based on related work showing inter-individual differences in HRI [22–28], we assumed that people would show
huge inter-individual differences in their behavior. We therefore wished to establish which different nonverbal behaviors can be observed. Indeed, we found inter-individual differences with regard to all categories, as indicated by the
high standard deviations for the coded behaviors: appearance time, attention and proximity. When considering the
factor whether people recognized Geminoid HI-1 as a robot,
we see that for people who failed in recognizing him appearance time was shorter as well as they spent less attention to
the robot and spent less time in the vicinity area. For these
people the behavior was quite homogeneous as indicated by
small standard deviations. For people recognizing the robot
as such, appearance time, attention and the time spent in the
vicinity area on average were much higher. But the standard
deviations indicate that these people showed very different
behavior. With regard to the occurrence of testing actions,
we also saw that some people tried very different methods
to test the robot’s capabilities, while others merely observed
the scenery.
Furthermore, an interesting finding is that there were also
a lot of participants (about 15 %) who virtually ignored the
robot and quickly passed by. Although stating in the interviews that they recognized it as being a robot, they decided
that getting a coffee was of higher priority than exploring
it. This suggests that for a certain amount of people, robots
(at least of this type) did not seem to be of high interest. At
least in the given situation, they seemed not to care about
them being around and proceeded with their planned activities. This corresponds to the findings of Hayashi et al. [26].
In their field study with robots in a train station, people were
found to differ in their amount of interest in the robots depending on the time of day and the day of the week. For
example, during rush hour, people showed less interest, presumably because they wanted to get to work in time. It is
noteworthy that our participants were not predominantly visitors to the Ars Electronica Center, but rather tourists and
locals who visit the café frequently because of its good cuisine. Only three participants stated that they visited the AEC
before they entered the café. We thus assume that the majority of our participants were not particularly interested in
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robots. Therefore, further studies should control for the general interest in robots by, for instance, including corresponding questions in their post-experimental questionnaires.

6 Limitations
The quasi-experimental setting of this study was accompanied by several problems. We were dependent on the visitors to the café agreeing to take part in the interviews. This
caused an uneven distribution over the conditions, because,
for instance, fewer people happened to agree to participate
on the days when we installed the still set-up. Only those
participants that agreed to engage in interviews were included in the video evaluation and this might have skewed
the results. When regarding for instance the touching of the
robot, we saw that in some cases the participant who agreed
to be interviewed did not touch the robot, while the person
accompanying the participants touched it. However, the participants’ companions were not included unless they agreed
in the interviews and video analysis, because we wanted to
combine both measures. For future analyses it would be very
interesting to analyze the interactions of all persons interacting with Geminoid HI-1. Moreover, the data could be qualitatively analyzed using interaction analysis and conversation
analysis techniques.
With regard to the data analysis of the participants’ nonverbal behavior, we had to rely on those behaviors that
were easily observable in the videos. Although other studies
showed that smiling is also an important nonverbal behavior
to investigate [22], the quality of the video material did not
allow us to code smiling behavior.
Furthermore, we were only able to draw implicit conclusions with regard to the uncanny valley, because the questionnaire did not comprise specific questions asking, for example, participants about their feelings while encountering
the robot. For the present study, we did not want to prompt
people on the possible uncanniness of the robot to avoid
that participants respond socially desirable. However, future
studies examining the uncanny valley effect in a similar setting could include interview questions asking for the participants’ feelings and their general attitudes towards the robot.
Like the results of other field and laboratory studies, our
results apply for the robot used in this study, the android
robot Geminoid HI-1, and might not be generalizable to
other android robots.
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