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Abstract. Humans always move, even when “doing” nothing, but
robots typically remain immobile. According to the threshold model of
social influence [3] people respond socially on the basis of social verifi-
cation. If applied to human-robot interaction this model would predict
that people increase their social responses depending on the social veri-
fication of the robot. On other hand, the media equation hypothesis [11]
holds that people will automatically respond socially when interacting
with artificial agents. In our study a simple joint task was used to expose
our participants to different levels of social verification. Low social ver-
ification was portrayed using idle motions and high social verification
was portrayed using meaningful motions. Our results indicate that social
responses increase with the level of social verification in line with the
threshold model of social influence.

1 Introduction

During human-robot interaction a robot typically stops moving during idle peri-
ods and the robot appears inanimate and lifeless. On the other hand, the human
body never stops moving and therefore always communicates being alive. So
idle movements could present a basic “illusion of life”, which could help people
accept the robot as a social entity [8]. Idle motions are used a lot in gaming
and movie animations [5,12]. However, only few studies investigated the role of
idle motions in relation to making robots more social entities. For example, [14]
mimicked clerk idle movements on a robot, but the effect on social interaction
was not tested.

There are two competing views about people’s social responses towards arti-
ficial agents. According to the media equation hypothesis [11] humans automat-
ically respond socially when interacting with artificial agents as long as there
are some behaviours that suggest a social presence. For example, it was found
among others that people rate computers more trustworthy and intelligent when
the computer belonged to the same team, or when it showed an avatar’s face
of the same ethnicity [10]. It is suggested that people respond out of habit to
mimicked social cues due to overlearning [10]. Based on this, one would expect
that a robot portraying idle motions not only looks more alive but also elicits
social responses. On the other hand, the threshold model of social influence [3]
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is based on the idea of “social verification”: people verify that they are engaging
in semantically meaningful communication when interacting. Two interpersonal
factors are considered of special importance for verifying meaningful interaction:
the behavioural realism with which social cues are portrayed, and agency, the
extent to which the agent is perceived as human-like. According to this idea
idle motions would not contribute to social verification, and therefore, not elicit
social responses. Movements portrayed by a robot would have to be meaning-
ful and embody social cues. Various studies have examined meaningful gestures
in the field of HRI. Gaze has been demonstrated to influence the persuasive-
ness of a robot during a conversation [4]. Other non-verbal meaningful gestures,
like hand/arm gestures, have been demonstrated to improve communication effi-
ciency and user experience [15], and anthropomorphism [13].

In this study we investigate the social effects of idle- and meaningful motions
as compared to no motions, and compare our results with two competing views
of social effects in human-robot interaction: the media equation hypothesis [11]
and the threshold model of social influence [3]. According to the threshold model
of social influence, meaningful motions serve as semantically meaningful com-
munication with the robot, and are perceived to have higher behavioural realism
than idle motions. Therefore, they should trigger stronger social responses than
idle motions. In particular, we expect that meaningful motions are perceived
as more socially intelligent and more anthropomorphic than idle motions and
no motions [6]. On the other hand, according to the media equation hypothe-
sis, idle motions already elicit social responses. So in this case we expect that
idle and meaningful motions are both perceived as more socially intelligent and
more anthropomorphic than idle motions and no motions. Both idle motions
and meaningful motions are expected to improve the perceived life-likeness of
the robot compared to no motions.

2 Method

We conducted an experiment where the Nao robot (Aldebaran Robotics, France)
helped participants unpack a cardboard moving box that contained 16 items.
There were two main conditions: In one condition the Nao robot displayed the
so-called idle motions, in the other condition the robot displayed the meaning-
ful motions. Within the two main conditions there was a baseline no-motion
condition and three motion conditions.

2.1 Participants

73 participants took part in the experiment, of which 41 were male and 31
were female (mean age 25.55, SD = 7.012, range 18 to 54). Participants were
randomly assigned to one of the two experimental conditions. 40 participants
had prior experience with robots, including the Nao robot, but this did not
influence our results. Participants received a monetary compensation of 5 euros
for participating in the experiment.
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2.2 Design

The experiment was conducted using a mixed design. We used two different
motion types as a between-subjects factor, which differed in terms of social ver-
ification: Meaningful and Idle motions. The Meaningful motion condition por-
trayed semantically meaningful communication (high social verification). The
Idle motion condition portrayed interactions that are argued to only aid in the
“illusion of life” (low social verification). In both groups a no-motion condition
was used as a baseline. There were three meaningful movements: (1) Arm point-
ing, (2) Head pointing, and (3) Eye-contact. And three idle motions: (1) Posture
shift/sway (2) Random head movements, and (3) Breathing motion. Each par-
ticipant experienced three movement conditions (either idle or meaningful) and
the baseline condition in four blocks. The baseline was always presented first,
the three movement conditions were counterbalanced across subjects. Each block
required the unpacking and correctly placing of four items from the moving box,
after which participants were asked to fill in a questionnaire. Each block con-
sisted of four trials resulting in a total of 16 trials per participant.

2.3 Experimental Set-up

Participants interacted with the humanoid Nao robot (Aldebaran Robotics,
France). The Nao is a 58-cm tall humanoid robot, which has 25 degrees of free-
dom, two cameras, an inertial measurement unit, touch sensors and four micro-
phones all enabling him to detect and interact with its surroundings. The robot
was partially controlled using a Wizard-Of-Oz technique. For each of the within-
subject conditions there were predetermined utterances. These utterances were
randomised for each within-subject condition. The items were located in the card-
board moving box and had to be unpacked. The chosen items and item locations
were chosen such that they did not cause confusion or bias of where they should be
placed. We used 16 items: a white vase, green cup, yellow cup, instruction man-
ual, white bowl, clock, candles, photo frame, telephone, fruit bowl, two glasses,
power adapter, headphones, stereo cable and a remote control. The questionnaire
was implemented using Macromedia’s Authorware software. The experiment took
place in a mimicked living room in which the Nao robot would serve as a house-
hold assistant. Figure 1 shows an overview of the robot and object locations. The
room was equipped with 3 cameras, so that the experimenter could observe and
control the interaction from the observation room.

2.4 Robot Motions

We used the Principles of Animation [12] as a guideline to create the idle motions
that generate an “illusion of life”. We chose a breathing, posture sway and gaze
shift motion, primarily because of the limitations of the Nao robot. To mimic a
breathing motion, the Nao robot made a slight motion with its head, shoulder
joints and hip joints. The frequency of the breathing motion was constant and
fixed in a pretest. The idle gaze shifts were implemented by adjusting both the
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Fig. 1. A top down view of the UseLab. On the right side the different items are listed
that were used during the experiment. Furthermore the minimum distance label can
be seen between the Nao robot and participant.

head pitch and yaw. A total of 8 pre-recorded head motions were executed at a
random time interval (between 15-22 seconds). The posture sway motions were
implemented by counter-rotating the hip and ankle joints including small adjust-
ments to the head and arm joints. A total of 8 randomised pre-recorded motions
were executed at random on a certain time interval (between 20-30 seconds).
The motion parameters were pretested so that the motions looked natural. We
verified whether the idle motions were perceived correctly by having the partic-
ipant describe which motion the robot portrayed. Out of 37 participants 86.5%
perceived the posture sways correctly, 78.4% perceived the gaze shifts and 83.8%
perceived the breathing motion.

The meaningful motion eye-contact/gaze was realised using a face tracking
algorithm that centres the gaze of the Nao robot on the participant. During this
interaction the Nao robot checks whether the participant is looking at the robot
using a head pose estimation algorithm its eyes, thus creating a mutual facial
gaze interaction. The arm pointing and head pointing gestures were implemented
in combination with deictic expressions: gesture conveyed the lacking spatial
information in the speech. For example, the robot could say “Please take the
power adapter, and place it in the closet” and point to ether the left or right
closet. Since there were 4 locations, 4 deictic arm gestures and 4 deictic head
gestures were implemented. Out of 36 participants in the meaningful motion
condition, 91.7% perceived the deictic arm pointing gesture correctly, 83.4%
perceived the deictic head gesture correctly and 86.2% perceived the gaze motion
correctly. The no-motion condition, which acted as a baseline throughout the
experiment, was perceived correctly by 86.5% out of 73 participants.
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2.5 Verbal Utterances

Each instruction given by the Nao robot had following syntax: “Please take the
[object], and place it [position+location].” In the meaningful condition the two
syntax components had a separate deictic gesture assigned to them. For example,
the Nao robot could say “Please take the remote control” while pointing at the
moving box, followed by pronouncing “and place it in the closet,” accompanied
by a pointing gesture towards the closet. This was all done in a fluent manner
that looked natural.

2.6 Questionnaire

The questionnaire is based on the 5-point Likert scale Godspeed questionnaire
[2], which measures: anthropomorphism, animacy, likeability, perceived intelli-
gence and perceived safety. We excluded perceived safety from the questionnaire
since this was not relevant to our study, and replaced this dimension with the
emotion dimension (4 questions) and the social intelligence dimension (4 ques-
tions). The former allowed us to measure the perceived emotional responsiveness
of the robot. The latter enabled us to measure the social competence and social
skills of the Nao robot and is based on [9].

2.7 Procedure

On arrival participants filled in the informed consent forms, and received general
instructions. When there were no further questions the experiment was started
from the control room. The robot introduced itself and provided a short explana-
tion of the task. First the baseline condition with no movements was presented,
in which the robot directed the participant with verbal utterances to unpack the
box. The utterance consisted of two parts: the first part indicated the item (e.g.,
Please take the white vase) and the second part indicated where the item should
be placed (e.g., and place it on the table). After placing the object the partici-
pant was required to stand in front of the Nao robot again to signal that they
were ready for the next item. After placing four items in the correct location the
Nao robot instructed the participant to take a seat in the chair, and fill in the
questionnaire provided on the laptop. After completing the questionnaire, the
participant stood in front of the Nao robot again to continue the next experi-
mental block. This was repeated four times for a total of sixteen items. In total
the participants interacted approximately 10 minutes with the Nao robot. After
completing the last questionnaire the participants were debriefed about the pur-
pose of the experiment and then thanked and paid. The experiment lasted about
30 minutes.

2.8 Data Analysis

To check the internal consistencies a reliability analysis was conducted. Cron-
bach’s alpha exceeded 0.7 for all dimensions of the questionnaire, indicating that
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the items had good consistency. We had to exclude the data of 10 participants
regarding the eye-contact condition (meaningful motion condition only), because
the robot lost eye-contact.

3 Results

3.1 Social Verification

To verify our hypotheses regarding the media equation hypothesis and threshold
model of social influence, we compared meaningful and idle movements con-
ditions. To remove individual differences in overall ratings we subtracted the
baseline condition first, which was always presented first. The result is shown
in Figure 2. It is clear that Likeability, Perceived intelligence, social intelligence
and emotion scored higher when the robot displayed meaningful motions than
when it displayed idle motions.

A MANOVA analysis with the questionnaire dimensions as dependent vari-
ables and social verification as factor confirmed a statistically significant main
effect of social verification, F (6, 202) = 4.38, p < .01, η2 = 0.12. Participants
rate the Likeability dimension higher (F (1, 209) = 7.17, p < 0.01, η2 = 0.03)
for conditions which portrayed meaningful motions (M = 0.28, SD = 0.85)
than for idle motions (M = -0.02, SD = 0.79). Perceived Intelligence is higher
(F (1, 209) = 13.64, p < 0.01, η2 = 0.06) for conditions which portrayed meaning-
ful motions (M = 0.37, SD = 0.78) than for idle motions (M = -0.03, SD = 0.79).

Fig. 2. Mean Likert scores for the meaningful motion and idle motion conditions after
subtracting the baseline. The errors bars show the standard error for the mean at
±1 SE.
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Fig. 3. Mean Likert scores for the idle motion condition and the baseline no-motion
condition. The errors bars show the standard error for the mean at ±1 SE.
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Fig. 4. Mean Likert scores for the baseline no-motion condition and the meaningful
motion condition. The errors bars show the standard error for the mean at ±1 SE.

Table 1. Overview of the results of the ANOVA testing the within-subject effect of
meaningful motions compared to the baseline condition.

No motion (n=36) Motion (n=105)

Questionnaire Dimension M SD M SD F (1, 139) p η2

Anthropomorphism -0.59 0.74 0.03 0.93 13.25 < 0.001 0.09

Animacy -0.51 0.87 0.33 0.82 27.44 0.01 0.17

Likability 0.71 0.88 1.0 0.85 2.89 0.09 0.02

Perceived Intelligence 0.23 0.89 0.6 0.78 5.82 0.02 0.04

Social Intelligence 0.17 0.89 0.72 0.65 15.42 < 0.001 0.1

Emotion -0.03 0.7 0.58 0.74 18.45 < 0.001 0.12
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Likewise, social intelligence is higher (F (1, 209) = 10.11, p < 0.01, η2 = 0.05)
for conditions which portrayed meaningful motions (M = 0.54, SD = 0.65)
than for idle motions (M = 0.22, SD = 0.81) and, finally, emotion is higher
(F (1, 209) = 4.76, p = 0.02, η2 = 0.02) for conditions which portrayed mean-
ingful motions (M = 0.61, SD = 0.74) than for idle motions (M = 0.37, SD
= 0.83). The anthropomorphism dimension (F (1, 209) = 0.094, p = 0.76) and
the animacy dimension were not rated significantly different between motion
conditions (F (1, 209) = 0.113, p = 0.74).

3.2 Effect of Motion

To determine the effect of motion we compared the different motion conditions
to the no motion (baseline) conditions separately for idle motions and meaning-
ful motions. The latter is necessary because the robot displayed a different set
of motions in the idle and meaningful motion conditions. The result is shown
in Figure 3 for idle motions and in Figure 4 for meaningful motions. In the idle
motion condition a positive effect of motion on anthropomorphism, animacy,
social intelligence and emotion is visible. To test the significance, we conducted
a MANOVA analysis with questionnaire dimensions as dependent variable and
idle motion (idle motion, no-motion) as a factor. We found a significant main
effect of motion (F (6, 134) = 8.911, p < 0.01, η2 = 0.29). Participants rated
the anthropomorphism dimension significantly higher (F (1, 139) = 13.33, p <
0.001, η2 = 0.09) for conditions which portrayed motion (M = 0.11, SD = 0.95)
than for the baseline condition without motion (M = -0.55, SD = 0.96); ani-
macy was rated significantly higher (F (1, 139) = 23.14, p < 0.001, η2 = 0.14)
by participants for the idle motion condition (M = 0.45, SD = 0.84) than for
the baseline condition without motion (M = -0.36, SD = 0.97); emotion was
significantly higher (F (1, 139) = 5.41, p = 0.02, η2 = 0.04) for conditions which
portrayed motion (M = 0.61, SD = 0.83) than for the baseline condition without
motion (M = 0.24, SD = 0.84). The other Godspeed questionnaire dimensions
did not differ significantly compared to the baseline no-motion condition (like-
ability: p = 0.88; perceived intelligence: p = 0.83; social intelligence: p = 0.16).

We did the same analysis for the meaningful motion condition, but now with
meaningful motion (meaningful motion, no-motion) as a factor. Again we found
a significant main effect of motion ( F (6, 134) = 7.65, p < 0.01, η2 = 0.26).

In the meaningful motion condition, participants rated all dimensions higher
for a robot showing motion than for not showing motion (see Figure 4). We
found significant effects for anthropomorphism, animace, perceived intelligence,
social intelligence and emotion, but not for likeability (see Table 1).

4 Discussion and Conclusions

4.1 Social Verification

We expected that participants’ social responses would be higher for the mean-
ingful motions compared to the idle motions. Results indicated that partici-
pants rated the Nao robot significantly more positive in the meaningful motion
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condition i.e., the robot was seen as friendlier, more intelligent, empathic and
helpful compared to the idle motion condition. We can thus conclude that we
found support for the threshold model of social influence. Our results indicate
that participants perceived the robot with higher social intelligence and per-
ceived intelligence when the robot portrayed meaningful motions compared to
idle motions. Thus, the robot portraying meaningful motions is perceived as more
socially competent and skilled. This also confirms that when the robot portrayed
meaningful motions the participants perceived the interaction as semantically
meaningful. As suggested in [6] we did not find evidence that social intelligence
increases the level of anthropomorphism, i.e. anthropomorphism was rated the
same for idle and meaningful motions.

4.2 Effect of Motion

We also investigated how humans perceive different idle motions portrayed by
a robot. Our results indicated that participants perceived the robot portraying
idle motions as more human-like, alive and empathic compared to the robot
with no motion. These results are in line with [7] who concluded that humans
automatically ascribe human traits to a robot when the robot portrays human
behaviour.

As a result, the robot portraying idle motions was also perceived by partic-
ipants as more empathic, or emotionally expressive compared to the no-motion
robot. It was assumed that idle motions would not add to the expression of a
character [8]. However, our research demonstrates that by having robots por-
traying idle motions, people will attribute intentions to the robot. In fact, par-
ticipants sometimes remarked that the robot seemed bored or nervous during
the idle motion condition. This is a further indication that participants anthro-
pomorphised the robot when portraying idle motions. However, idle motions
remain low in social verification, because participants did not perceive the robot
portraying idle motions as more intelligent or more socially capable than the
robot portraying no motion.

Overall, people ascribed human qualities to a robot that portrays idle
motions. It does not seem to matter which idle motions are portrayed by a
robot: as long as the robot makes some motions, humans will perceive the robot
as more human-like and alive, albeit not more intelligent. Only when the robot
portrayed meaningful motions, the robot was perceived as more socially com-
petent and intelligent. We can thus confirm that the meaningful motions are
indeed contributing in a semantically meaningful manner to social verification.

References

1. Bartneck, C., Rosalia, C., Menges, R., Deckers, I.: Robot abuse – a limitation of the
media equation. In: Proceedings of the Interact 2005 Workshop on Agent Abuse
(2005)



Motions of Robots Matter! The Social Effects 183
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