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Abstract— Humanoid robots are expected to be able to
communicate with humans using physical interaction, including
hug, which is a common gesture of affection. In order to achieve
that, physical embodiment has to be carefully planned, as a user-
friendly design will facilitate interaction and minimise repulsion.
In this paper, we investigate the effect of manipulating the
visual/tactile appearance of a robot, covering wires and metallic
parts with clothes, and the auditory effect too by enabling or
disabling the connector of the hand. The experiment consists in
a hugging interaction between the participants and the
humanoid robot ARMAR-I11b. Results after the participation of
24 subjects confirm the positive effect of using clothes to modify
the appearance and the negative effect of noise, although not
enough to completely relieve participants from the anxiety of a
physical contact.

. INTRODUCTION

Social robots, especially humanoids, are expected to
perform human-like actions and adapt to human ways of
communication in order to be part of the society. Amongst
humans, physical interaction is also common in everyday
communication for conveying either emotions or simple
messages such as greetings. Therefore, physical embodiment
of robots becomes crucial, as it has an effect on perception of
social interactions [1].

Hug is acommon gesture amongst humans, used to express
empathy and affection, in which signals of friendliness or the
absence of hostility are transmitted, and it is also used as a
greeting [2]. A classification of greetings was attempted by
Friedman [3], who put hug within a set of 12 basic greetings.
Hug however is not common in certain cultures, such as
Japanese, and very common in others, such as German: [4]
features a comparative study between those two countries on
the use of greeting words and gestures in different contexts.

Positive effects of hug on health have been reported by
Elias et al. [5] (hug and hand-holding reduce the harmful
physical effects of stress) and Light et al. [6] (more frequent
partner hugs were linked to higher oxytocin levels, lower
blood pressure, and lower heart rate in premenopausal women)
among others. In these regards, robots offering a hug can
potentially convey the same benefits.
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Experiments in which participants hug a robot are not very
common. Telenoid is a robotic system of telecommunication
[7], which has been hugged by elderly subjects. Hugvie [8] is
a device more specifically built for hugging. The user gives a
hug while listening to a partner’s voice, therefore feeling like
he/she is hugging the partner and receiving affection. This
experiment suggested that this kind of interaction may lead to
a misattribution of behaviour due to hug. Several research
efforts have been focused on haptics as well, such as [9], a
mannequin torso which wears a jacket also worn by the user at
the same time, and mimics the pressure from the user's hug, or
the system for remote hugging in [10].

Regarding humanoid robots of human size, a greeting
interaction experiment was performed in [11], where hug was
one of the possible choices of greeting gesture. Robovie [12]
interacted with children in supermarkets and asked them to
hug, however the act of hugging was not the specific focus.

However, in the existing literature there are no studies that
measure how it feels to hug a robot. This is a topic that spans
from robot design and the Uncanny Valley to sociology and
culture backgrounds. The user may feel comfortable after a
hug, or be embarrassed to do it because of social conventions
or cultural habits, or even afraid of the robot itself.

The acceptance of robots is related to the Uncanny Valley
hypothesis and involves many aspects of robot design. A
crucial aspect is the appearance: biology-inspired forms are
documented in the design industry to be functional, pleasing
to the eye and stimulating, thus details like soft curves and
circles found in nature have appeal in the consumer product
market [13]. Moreover, other aspects belonging to the auditory
and Kinesthetic fields, such as noise and vibration, are also
important and should not be overlooked in robot design.

The robot we are using, ARMAR-IIIb [14], is composed
of visible mechanical parts and visible cables; it also produces
a noise caused by the cycling of the valves used for pneumatic
actuation and makes the hand slightly vibrate.

Considering these concepts, our research question is to
clarify what influence acceptance in a physical interaction
such as a hug with a human-sized humanoid robot, varying two
important aspects:
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e the clothes, which have an impact on external
appearance and on the sense of touch;

e the hand connector, which turns on/off hand vibration
and noise, therefore influencing sense of touch and the
auditory perception.

Our hypothesis is that hiding mechanical parts and wires,
covering sharp edges and disabling the hand connector will
have a positive influence on acceptance of the robot, and we
measured it through questionnaires.

The rest of the paper is organized as follows: in Section Il
we describe the robot used for the experiment and in Section
I11 the experimental setup; in Section IV we show the results,
which are discussed in Section V; Section VI concludes the

paper.
1. HUMANOID ROBOT

A. Humanoid robot ARMAR-IIIb

ARMAR-I111b [14] is a humanoid robot with 43 degrees of
freedom (DoF) designed for close cooperation with humans. It
has a humanlike appearance in the upper body and sensory
capabilities similar to humans. The robot has two
anthropomorphic arms with 7 DoF each and an active head
with 7 DoF which incorporates a visual and audio sensors such
as a stereo camera system and several microphones. For
dexterous grasping and manipulation, the robot is equipped
with an anthropomorphic hand with 8 active DoF. The hand is
driven pneumatically and incorporates a control system which
allows the set the joint position and the air pressure of each
joint by closing and opening the corresponding valves. Being
highly compliant, and thanks to force/torque sensors,
ARMAR-III can interact safely with other agents.

The hugging posture is shown in Fig.1: from that starting
position, the robot slowly closes the arms to embrace the
person, then releases. This hugging motion is created using the
Master Motor Map (MMM) framework [15] [16], which aims
to offer a unifying representation of motion for robotics
applications, such as imitation learning, action recognition,
motion analysis and synthesis, etc., and has already been used
in several projects.

The representation of motion in the MMM framework is
based on the MMM reference model, which provides a
kinematic model with a total number of 104 degrees of
freedom to describe whole-body motion. Additionally, the
MMM provides converters to transfer motions of the MMM
reference model to other kinematic embodiments like
humanoid robots [15][17]. Since the kinematic of the
humanoid robot differs from the reference model, it is not
applicable to directly transfer joint angles from the reference
model to it.

Figure 1. Implementation of the hugging initial posture: MMM model and

final result

Instead, a step-wise non-linear optimization algorithm is
used in which the pose of the humanoid robot is iteratively
adjusted to select the pose featuring the highest similarity to
the reference pose.

B. Customisation of the robot

ARMAR-IIIb is a robot designed with a pragmatic
approach as defined by Hoffman [18]: "A pragmatic design
approach sets out from specifications required of the robot’s
spatial activity towards physical goals [...]. Mechanical
engineers design the robot’s parts and relationships to fulfil
these requirements [...] The resulting design is usually an
assembly of limbs with more or less exposed links, actuators,
and cables. [...] a shell is designed post-hoc to cover internal
parts [...] The shape and structure of the shell is highly
constrained by the existing core of the robot". This kind of
robot design is sub-optimal for interaction and
communication. This consideration is true not only for the
exterior design but also for the sound and vibration produced
by the hand. This fact is the reason why this robot was chosen
for this experiment: by trying to compensate some of these
lacks in design the robot's acceptance during physical
interaction. In order to do so, we manipulated two variables:

e C 1/0: clothes on/off - the appearance of the robot is
changed hiding where possible the cables, mechanical
parts and sharp edges using some human clothes. In the
clothes off condition, the head cap was removed in
order to show the cables inside. The two appearances
are shown in Fig.2. The presence of an apron is
appropriate to the purpose of ARMAR, which usually
performs grasping and manipulations in a kitchen
environment. In this experiment too, it is placed inside
a kitchen.

e H 1/0: hand on/off: the connector of the right hand
(Fig. 3), which activates the hand control system, is
enabled or disabled. It produces a noise caused by the
cycling of the valves used for pneumatic actuation and
makes the hand slightly vibrate. The noise can be
perceived 65 dB loud at 50 cm. The difference of the
two conditions consists in sound and vibration, as the
fingers do not move in any case.



Figure 2. Two different appearances for ARMAR-I11b: the usual one, with
also the head cap removed (left) and the alternative one, wearing human
clothes which hide wires and sharp edges (right).

Figure 3. ARMAR's right hand when activated.

The two conditions are independent from each other, thus
they are selected randomly for each participant's trial.

I1l. EXPERIMENT SETUP

A. Recruitment policy

In this experiment, hugging behaviour is intended to be a
greeting. For this reason, as the experiment was run in
Germany, only Germans or people living in Germany for a
long while, accustomed to German way of greeting, were
selected.

Another condition was that participants should not be
robaticists, in order to avoid any bias in their opinion on what
is uncanny in robot appearance; and should not know
ARMAR-I111b, otherwise they would know exactly its standard
appearance.

B. Room setup

The room (Fig. 4) was arranged with a camera placed to
one side of the robot, and tapes marking on the floor the

distance from the participant's position to the robot's position
in order to measure reaction times within proxemics. The lines
on the floor indicate distance according to Hall's personal
space [19], respectively 15, 46, 76, 122 and 210 cm. Although
data about proxemics has been collected, in this paper we
specifically focus on the results of the questionnaires.

Figure 4. The room where the experiment was run, featuring ARMAR
waiting standing 2 meters from the entrance.

C. Protocol

The experiment was composed of a dummy part (steps O-
3) and by the real hugging interaction (steps 4-7). The dummy
part is necessary as introduction, because people don't hug
someone who meet for the first time, but rather handshake.
After getting more familiar, when meeting a 2nd time, a hug is
more plausible.

The protocol is structured as in the following steps:

e Step 0: The robot is prepared according to randomly
selected variables: dresses/undressed and hand cable
connected/disconnected. The room is prepared as in
Fig. 4.

»  Step 1: The participant is instructed that the purpose of
the experiment is to introduce our robot.

«  Step 2: When the participant enters the room, the robot
waiting about 2 meters distant gets triggered by an
operator as the human participant approaches. The
robot greets in German through a gesture and speech.

»  Step 3: A short explanation about the robot follows,
then the participant goes out of the room and fills a
questionnaire  regarding  generic  demographic
questions as well as an evaluation of the greeting. This
is the end of the dummy experiment.

e Step 4: The real experiment begins when the
participant thinks that the experiment is over: as the
participant enters the room again to hand over the
questionnaire, the robot is triggered again and assumes
a hugging posture with open arms. It does not approach
the human.

»  Step 5: If the participant does not spontaneously hug,
he is verbally invited by the operator, who is present in
the room, with an invite such as: "Don't you want to
hug ARMAR?". This is done because in some cases



the participant does not understand the robot's
intention to hug. The participant is not forced in any
way, and is free to refuse. When the person moves in
the robot's arms, the operator will trigger another
posture that make the arms tighter around the
participant. Reaction time is measured related to
personal distance markers.

»  Step 6: The participant has to go to another room and
fill a questionnaire (described in Section 111.C)
regarding the hug and the robot itself. In the meantime,
robot's clothes and/or hand conditions are modified.

«  Step 7: When the participant enters the room again to
hand over the questionnaire, the robot wants to hug
again. After the interaction, the participant has to
indicate on the previous questionnaire whether
something changed in the evaluation due to the new
condition.

D. Questionnaires

Questionnaire featured 5-points semantic differential
scales as well as open questions. It was structured in three
parts:

The first was structured as follows.

The act of hugging with ARMAR makes you feel

Anxious 1 2 3 4 5 Calm
Embarrassed 1 2 3 4 5 Not embarrassed
Uncomfortable 1 2 3 4 5 Comfortable
Scared 1 2 3 4 5 Fearless

Concerned about

1 2 3 4 5 Safe
your safety

Other (please
specify)

The purpose is to clarify what the subject feels in hugging
the robot, and possibly identify the reasons of discomfort.

The second part comprises the sets of scales
"Anthropomorphism" and "Likeability" taken from the
Godspeed series [20], and a similar measure called
"Familiarity", which has been used in [21], and is made of the
subscales Creepy /Pretty; Scary/Innocuous; Eerie/Familiar;
Weird; Ordinary; Sinister/ Reassuring.

The third part was instead focused on specific aspects of

ARMAR's appearance:

Do you like ARMAR's

Face Dislike 1 2 3 4 5 Like
Body Dislike 1 2 3 4 5 Like
Size Dislike 1 2 3 4 5 Like
Movement Dislike 1 2 3 4 5 Like
Sound Dislike 1 2 3 4 5 Like
Surface Dislike 1 2 3 4 5 Like

An additional space was left at the end for further

comments.

IV. RESULTS

A. Demographics

The experiment was run with the participation of 25
subjects. One had to be discarded as he was a roboticist who
knew the robot already. The resulting group of 24 people was
composed by 20 male and 4 female; age mean was 22.38 (SD
3.06). All subjects were either German or living in Germany
for a long while.

All the participants interacted twice with the robot
according to randomly selected conditions of the clothes (C)
and of the hand (H), among COHO, COH1, C1HO0 and C1H1.
Some of the participants volunteered for a third trial and tried
another condition, while some others refused to hug a second
time.

B. Evaluation

In this section we report the findings obtained from the
questionnaires, leaving detailed proximity analysis as future
work.

1) Habituation

A preliminary statistical analysis was done to prove that
there is no sign of habituation. Data was grouped by trial, and
Wilcoxon Signed-Rank test was applied for each item of the
questionnaire on 24 participants.

Effect of habituation was found only in the categories
Anxious/Calm (p=0.0156), and was not found in all the other
items. We can conclude that the habituation effect is not
relevant in this experiment. In any case, the order of the trials
was randomised for each subject, and this will nullify the
potential effect of habituation. The Anxious/Calm item was
excluded from further analysis.

2) Reliability of the scales

The categories Anthropomorphism, Likeability and
Familiarity are composed by 5 scales each. Their Cronbach's
Alpha is respectively 0.82; 0.88 and 0.79. As shown by this
result, we can consider the categories reliable.

Additionally, it is possible to calculate the Cronbach's
Alpha of the first five scales described in Section 111.D, which
are not meant to be necessarily together, but are related each
other as measurements of the subject's state. The result is 0.81,
meaning that these scales can also be considered as a single
entity.

3) Analysis of correlations

Data was grouped by subjects who experienced variations
of a variable (e.g. all the subjects who experienced CO in the
first trial and C1 in the second, or vice versa). In this way, the
isolated effect of one variable gets highlighted. Wilcoxon
Signed-Rank test was used.

Table | reports the results of this test. A significantly low p
value was found for Anthropomorphism, Likeability and
Familiarity; in all the other scales, the small quantity of data
prevents from finding relevant data; however, aggregating the
scales about the subject's state in one category, a significant p
value was found for CO—1. Nevertheless, the categories
Sound and Surface showed respectively highly significant and
marginally significant differences despite the low quantity of



data. In all these results, the effect of C0—1 is positive, while
for HO—1 it is negative.

TABLE Il. CORRELATIONS BETWEEN SPECIFIC RATINGS OF ARMAR-
111B'S APPEARANCE AND THE OTHER ITEMS
TABLE I. DIFFERENCES OF THE TRIALS WITH DIFFERENT ARMAR-I11b’s appearance
CONDITIONS, AND STATISTIC RELEVANCE ltem Face Body Size
Analysis Embarassed/ R=-0.11 R =0.266 R=-0.23
Item Col Wilcoxon HOD1 Wilcoxon Not embarassed p=0.421 p=0.328 p =0.081
Embarassed/ Uncomfortable/ R =0.156 R =0.434 R=0.19
Not embarassed +0.29 n=4 -0.08 n=4 Comfortable p =0.246 p <0.001***  p=0.158
— Scared/ R =0.289 R =0.281 R =0.037
U fortable/ =6 n=10
Cgﬁq(}?r&fe ¥ 012 vr\} =7 -0.08 W=11 Fearless p = 0.029*% p = 0.034* p=0.785
Scared/ n=6 Concerned about R =0.415 R=0.242 R=10.019
Fearless +0.24 n=3 -0.04 W=3 safety/ Safe p=0.0013** p=0.07 p =0.889
R =0.262 R =0.493 R =0.391
Concerned - Anthropomorphism
about  safety/ | +0.18 n=3 -0.08 " __8 P P p=0.049* p<0.001**  p=0.003**
Safe w=9 L ikeabilit R =0.39 R =0.386 R=0.113
n=22 ” y p=0003**  p=0003**  p=0.404
n=
Subject's state +0.19 W =-153 -0.09 _ . R =0.249 R =0.398 R =-0.071
D= 0.013% W =137 Familiarity p=0.062 p=0002%*  p=0599
n=21 n=37 Movement Sound Surface
Anthropomorp |4 5 W=-187 | -0.24 W = 463
hism — 0.0012%* = 0.0005%** Embarassed/ R=0.071 R=-0.217 R =0.321
p=>. 0 p=>. T Not embarassed p=0.6 p =0.105 p =0.014*
n= n=
Likeability +0.14 W =-90 -0.09 W =99 Uncomfortable/ R=0.135 R=-0.08 R=0.195
' ' Comfortable p=0.318 p =0.552 p =0.1464
=0.005** =0.032*
s n=23 P n=32 Scared/ R =-0.039 R=0.141 R =0.328
Familiarity 4031  W=-256 | -0.21 W= 354 Fearless p=0774 p =029 = D
p = 0.0001*** p = 0.0005%** Concerned about R=0.036 R=0.165 R =0.287
safety/ Safe p=0.785 p=0.221 p =0.031*
Face +0.06 n=1 004 n=1 Anthronomoronien =068 R=0088  R=041l
Body 035 n=7 0 n=5 pomorp p<0.001***  p=0.613 p = 0.0015%*
' w=-18 w=0 Likeabilit R=0.026 R =0.137 R =0.382
Size 0 n=>2 0 n=0 y p=0.847 p=0.308 p = 0.0034**
— — Familiari R =0.226 R =0.389 R =0.331
Movement 0 n=0 -0.04 n=1 ty 0 =0.001 D = 0.003** D = 0.012*
n=6 n=13 * p <0.05; ** p < 0.01; ***p < 0,001
Sound +0.18 W=-6 -1 W=091
B p = 0.0016**
Surface w53 1% o n=3 V. DISCUSSION

* Differences refer to the 5-point scales. p <0.05; ** p < 0.01; ***p < 0.001

5.2.5. Correlations

By examining the correlations between the items in the
questionnaire, we want to find if any of the ratings on
ARMAR-I11b's specific appearance are related (and possibly
a causal factor) to the final impression and subject's state.
Results are shown in Table I, where the analysis has been
done through the calculation of Spearman’s Rho. The value R
indicates the type of correlation (1 if perfectly positive; 0 if
perfectly negative).

Many correlations were found between the evaluation of
head, body, and surface with many of the other questionnaire
items.

In this section we summarise and discuss the relevant
results found so far. We detected a significant difference in
the categories Anthropomorphism, Likeability and
Familiarity for both variables, suggesting a positive effect of
clothes on conditions and a negative effect of hand on
condition.

Evaluation of face, body and surface did not change across
conditions except for the helmet and the clothes, however a
positive correlation was found between them and almost all
questionnaire items.

One limitation about the study is the a predominantly male
sample group: this may limit the generalisability, because
according to [22] females hug more often than male, however
it does not invalidate the findings related to robot's
appearance.

Regarding the interaction itself, limitations of this
experiment can be summarised in two concepts: 1. the timing
and movement of the embracing behaviour of the robot have
to be improved to be more natural (for example, learning from
human motion capture data, using either the mapping



approach described in [15] or by learning a DMP to learn a
whole-body hugging primitive in task-space from motion
capture); 2. improving robot appearance is not enough in
some cases to relieve from anxiety of the act of hugging a
robot, which is quite subjective. Analysis of proxemics of this
experiment will provide additional details which should
confirm or complement the present findings.

VI. CONCLUSION

In this paper, we presented a study of human-robot physical
interaction intended to provide findings on robot design. The
experiment consisted in having participants hug the humanoid
robot ARMAR-IIIb manipulating one variable regarding
appearance, with or without clothes covering wires and
metallic parts, and one variable about the auditory field,
disabling or enabling the control of the hand, which generates
a noise. Results highlighted the positive effect of using
clothes to modify the appearance and the negative effect of
noise. Given the participants behaviour, we can conclude that
other aspects not examined in this study still concur to the
feeling of anxiety in hugging interaction; however, the present
findings also stressed out the importance of the auditory
perception and the need for user-friendly design for robots
that have to be used in close interaction. Future works include
the repetition of the experiment with different kinds of
humanoids including a comparison with androids, whose
appearance is different enough to imply different uncanny
perception, different expectation of robot intelligence, and
different sense of touch during hugging interaction.
Additional investigation will be also carried out on analysing
the sound in order to determine what causes an uncanny
effect, and to find an appropriate filter that nullifies it.
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