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Abstract. We present an evaluation of copying behaviour in an embodied agent capable of processing expressivity characteristics of a user’s
movement and conveying aspects of it in real-time. The agent responds
to aﬀective cues from gestures performed by actors, producing synthesised gestures that exhibit similar expressive qualities. Thus, copying is
performed only at the expressive level and information about other aspects of the gesture, such as the shape, is not retained. This research is
signiﬁcant to social interaction between agents and humans, for example,
in cases where an agent wishes to show empathy with a conversational
partner without an exact copying of their motions.
Keywords: Expressivity, gesture, emotion, copying behaviour, ECA.

1

Introduction

Several studies from psychology investigated relationships between emotion and
movement qualities [4,21]. Nevertheless, automatic aﬀect recognition from body
movement remains an under-explored ﬁeld [8], limiting the investigation of eﬃcient and natural social interaction loops between agents and humans [18].
In previous work [9], expressive motion cues were proposed for communication
in human-computer interaction, including contraction index, velocity, acceleration and fluidity. This paper contributes a perceptual experiment (Section 4)
based on the automatic analysis, mapping and synthesis (Sections 3.1-3.3) of
those cues from actors’ upper-body motions and gestures to an embodied agent
[17], in order to address the following questions:
– Q1: Are the proposed expressive motion cues, reproduced at the expressive
level by an embodied agent, eﬀective at communicating the same emotion
conveyed by the original movement made by a human?
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– Q2: How does the human perception of emotion change if speciﬁc expressivity parameters are not modulated from their ‘neutral’ values?
These questions are signiﬁcant for providing important insights into the role of
gestures’ characteristics in the communication of aﬀective content, important for
informing the design of an agent capable of enabling an aﬀective loop based on
movement expressivity. The results of the experiment are described in Section
4.4 and implications for the aforementioned questions discussed in Section 4.5.

2

Related Work

Several studies have addressed aﬀect recognition from the automatic analysis of
body movement and postures. Studies on aﬀect recognition from body movement
include the work by Gunes and Piccardi [11], who developed a system for the
recognition of acted aﬀective states based on analysis of aﬀective body displays
and automatic detection of their temporal segments, and by Bernhardt et al. [2],
Camurri et al. [7] and Castellano et al. [10], who proposed approaches to aﬀect
recognition based on the automatic analysis of movement expressivity. Examples
of studies that addressed aﬀect recognition from body posture include those of
Sanghvi et al., who proposed a computational model to automatically analyse
human postures and body motion to detect engagement of children playing chess
with a robotic game companion [20], and of Bianchi-Berthouze and Kleinsmith
[3], who proposed a model that can self-organise postural features into aﬀective
categories to give robots the ability to incrementally learn to recognise aﬀective
human postures through interaction with human partners.
Other studies have used embodied agents, either to investigate perception of
emotion in individuals [15], or for reacting automatically to aﬀective expressions
of the user and systems providing low-level feedback, such as the generation or
mimicry of non-verbal behaviour. Examples include the agent created by Maatman and colleagues [14], capable of generating rapport with human speakers by
providing real-time non-verbal listening feedback, by Kopp et al. [13], who endowed their agent Max with the ability to imitate natural gestures performed by
humans, and by Reidsma and colleagues [19], who designed a virtual rap dancer
that invites users to participate in a dancing activity.
The experiment presented in this paper relates to previous studies on aﬀect
recognition from the automatic analysis of movement expressivity [7,10].

3

System Overview

The system (see [9] for more details) consists of two integrated software platforms: EyesWeb XMI [5] for motion tracking and movement expressivity processing (Section 3.1); and Greta [17], an Embodied Conversational Agent (ECA)
with a humanoid appearance, capable of generating expressive behaviours (Section 3.2). The system architecture (Figure 1) integrates these two platforms
with a module for mapping movement expressivity between a human and agent
(Section 3.3).
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Fig. 1. The system’s modules implementing the expressivity copying process

3.1

Video Analysis

Tracking of the full-body and the hands of the user is performed by the system
using the EyesWeb Expressive Gesture Processing Library [6] to automatically
extract the following low-level expressive motion cues:
Contraction Index - CI is a measure of the degree of contraction and expansion
of the body, computed as the minimum bounding rectangle around it.
Velocity - VEL is calculated using the asymmetric backward numeric derivative, given the coordinates in a 2D plane of sampled points in a motion trajectory
(here the barycentre of the coordinates of the user’s right or left hand’s).
Acceleration - ACC is calculated in the same way as Velocity. The asymmetric
backward numeric derivative is applied to Velocity samples’ x and y components.
Fluidity - FL is applied to the trajectory of the velocity of the hand’s barycentre in a 2D plane. It is related the directness, or Directness Index, of the trajectory, indicating how direct or ﬂexible it is [6].
3.2

Expressive Behaviour Generation

Hartmann et al. [12] have deﬁned the expressivity of the Greta agent’s behaviour
over 6 dimensions. Here, 4 out of 6 dimensions varying in [−1, 1] are modulated
when expressive gestures are generated:
Spatial Extent - SPC determines the amplitude of gestures, contracting or
expanding the agent’s wrist end-eﬀector positions according to the sectors illustrated in McNeill’s diagram [16].
Temporal Extent - TMP refers to the global duration of gestures. It modiﬁes the speed of execution of all gesture phases: preparation, hold, stroke and
retraction.
Fluidity - FLD refers to the smoothness and continuity of movement (e.g.,
smooth/graceful versus sudden/jerky). It varies the continuity parameter of
splines interpolating the agent’s hands position.
Power - PWR makes the gesture look more strong/weak or tense/relaxed. It
acts on stroke phase duration and agent’s hand interpolation curves.
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Movement Expressivity Mapping

The generation of expressive copying behaviour by the Greta agent is based on a
movement expressivity mapping which is performed starting from the expressive
motion cues automatically extracted during the video analysis. The Contraction
Index is mapped onto the Spatial Extent, since they both provide a measure of
the amplitude of movements; the Velocity onto the Temporal Extent, as they
both refer to the speed of movements; the Acceleration onto the Power, as both
are indicators of the acceleration of the movements; the Fluidity onto the Fluidity, as they both refer to the degree of the smoothness of movements.
Note, copying is performed only at the expressive level and information about
other aspects of the gesture, such as the shape, is not retained.

4
4.1

Experiment
Overview

An experiment was performed to investigate the extent to which people can
recognise the aﬀective content expressed by the agent through the alteration of
movement expressivity. It was designed to explore if and how the perception
of emotion changes when the agent’s expressivity parameters are altered while
others remain static. The expressive copying behaviour was generated for the
agent according to the process described in Section 3, to address the following:
– Q1: Are the proposed expressive motion cues, reproduced at the expressive
level by the agent, eﬀective at communicating the same emotion conveyed
by the original movement?
– Q2: How does the perception of emotion change if some of the agent’s expressivity parameters are not modulated from their ‘neutral’ values?
4.2

Materials

A set of gestures from an extract of videos of the GEMEP (GEneva Multimodal
Emotion Portrayals) corpus, a corpus of acted emotional expressions [1], was
analysed with EyesWeb XMI. Six videos of the corpus were considered, with
three diﬀerent emotions (anger, joy, sadness) expressed by two diﬀerent actors
observed by a frontal camera. The actors were free to choose the gestures they
wished to conduct in each case.
As previously described in Section 3, the actor’s expressive motion cues were
extracted from the videos and reproduced by the Greta agent. Mapped values
used in the experiment are reported in Table 1. Since the selected indicators of
movement expressivity and the agent’s expressivity parameters vary in diﬀerent
ranges, a rescaling of the former is performed based on maximum and minimum
values of the indicators obtained by empirical observation.
For each video of the GEMEP corpus diﬀerent types of gestures of the Greta
agent were synthesised and recorded in videos according to the following speciﬁcations:
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Table 1. EyesWeb motion cues and Greta’s expressivity parameters

emotion
anger
actor 1 joy
sadness
anger
actor 2 joy
sadness

EyesWeb motion cues
CI
VEL
ACC
FL
0.42
1.62
42.00
0.55
0.27
2.73
22.41
0.53
0.51
0.17
4.20
0.43
0.56
3.17
59.21
0.66
0.30
0.60
13.92
0.49
0.65
0.35
5.09
0.36

Greta’s
SPC
-0.04
1.00
-0.50
-0.41
1.00
-0.83

expressivity parameters
TMP PWR
FLD
0.18
1.00
0.55
1.00
0.06
0.00
-0.88
-0.80
-0.10
1.00
1.00
0.66
-0.62
-0.53
0.50
-0.77
-0.83
0.36

Fig. 2. The beat performed by the Greta agent. Face has been obscured to ensure that
it does not inﬂuence the perception of emotions from the participants.

1. Greta performs a beat gesture by modulating all the four expressivity parameters from their original neutral values. A beat gesture is a conversational
gesture whose shape does not appear to convey any obvious emotional expression or meaning (see Figure 2). Six videos were created in this phase;
2. Greta performs a beat gesture by modulating three out of four expressivity parameters from their neutral values, disregarding at each step one of
the four expressivity parameters (i.e., no expressivity control for one of the
parameters); twenty-four videos were created in this phase;
Table 2 summarises the gestures considered in the experiments. All videos were
modiﬁed to obscure the face of the agent in order to avoid inﬂuencing participants’ judgements.
4.3

Procedure

Twelve students and researchers in computer science (10M:2F, average age: 29
years old) participated in the experiment. Each participant was asked to observe
thirty-six videos over six conditions (C1 - C6; see Table 2). These consisted of
six videos for each of the conditions C1 to C6, respectively.
A computer was used to show the participants the videos in a random order,
diﬀerent for each participant. Participants were told that they were participating
in a study aiming to investigate the relationship between emotions and movement expressivity in an expressive virtual agent. Each participant was presented
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Table 2. A total of 36 videos were used, 6 for each condition C1-C6. Gestures performed by actors featured in 6 videos (C1), while the remaining 30 videos contained
synthesised gestures performed by the embodied agent (C2-C6).
Condition
Type of Movement
C1
Freely performed gestures
C2
Beat gesture: All expressivity parameters modulated
C3
Beat gesture: Fluidity not modulated
C4
Beat gesture: Power not modulated
C5
Beat gesture: Spatial Extent not modulated
C6
Beat gesture: Temporal not modulated

Performer
Actor
Embodied Agent
Embodied Agent
Embodied Agent
Embodied Agent
Embodied Agent

with the following instructions: “You will be shown a set of videos in which a
real person or a virtual agent performs one gesture. For each video you will be
required to observe the body movements of the person or agent, and to evaluate
which emotion(s) is/are being expressed ”. Participants were asked to observe the
gestures in the videos and to associate an emotion label (anger, joy or sadness)
with each gesture using a slider: each emotion could be rated in a continuum
scale of 1 to 100. Participants were allowed to watch each video as many times as
they wanted and could select and rate all of the emotions they wanted or none.
4.4

Results

In order to investigate the eﬀect of the type of movement on the participants’
ratings, a one-way analysis of variance (ANOVA) with repeated measures was
performed for each rated emotion (the dependent variable) when that speciﬁc
emotion is expressed and in correspondence with diﬀerent conditions of type
of movement (the independent variable, with six levels: C1 to C6). Means and
standard deviations for the one-way ANOVAs are reported in Table 3. Note that,
in each one-way ANOVA, the focus is on the participants’ ratings corresponding
to the same emotion originally expressed by the actors.
Moreover, in order to identify speciﬁc diﬀerences among the ratings of emotions in correspondence with diﬀerent conditions of type of movement, pairwise
comparisons (Bonferroni corrected) were performed.
Anger: The one-way ANOVA for ratings of anger when anger is expressed by
the actors showed a signiﬁcant main eﬀect of the type of movement [F (5, 55)
= 23.04, p < 0.001]1. Pairwise comparisons showed that ratings of anger when
anger is expressed in correspondence with condition C1 are signiﬁcantly higher
than ratings of anger in correspondence with C2 (MD = 43.13, p < 0.01), C3
1

In the case of sphericity violation, eﬀects were Greenhouse-Geisser corrected (for
readability reasons, the original degrees of freedom are reported throughout the
results).
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Table 3. Mean values and standard deviations of ratings of anger, joy and sadness for
the diﬀerent conditions (N = 12 in each condition, all ratings out of 100)
Condition
C1
C2
C3
C4
C5
C6

Mean
S.D.
Mean
S.D.
Mean
S.D.
Mean
S.D.
Mean
S.D.
Mean
S.D.

Ratings of Ratings of Ratings of
Anger
Joy
Sadness
82.00
30.63
46.29
13.40
17.46
26.69
38.88
66.83
32.96
24.40
24.37
18.81
41.92
58.75
28.13
23.75
24.94
15.64
29.38
62.21
43.08
14.54
18.03
19.10
45.83
39.50
37.17
23.90
17.43
15.24
38.08
64.33
33.42
20.03
20.01
19.88

(MD = 40.08, p < 0.01), C4 (MD = 52.63, p< 0.001), C5 (MD = 36.17, p <
0.01), and C6 (MD = 43.92, p < 0.001).
Joy: The one-way ANOVA for ratings of joy when joy is expressed showed a
signiﬁcant main eﬀect of the type of movement [F (5, 55) = 11.40, p < 0.001].
Pairwise comparisons highlighted signiﬁcant diﬀerences between the ratings of
joy in correspondence of diﬀerent conditions for type of movement: C1-C2 (MD
= -36.21, p < 0.01); C1-C4 (MD = -31.58, p < 0.01); C1-C6 (MD = -33.71, p <
0.05); C2-C5 (MD = 27.33, p < 0.05); C4-C5 (MD = 22.71, p < 0.01); C5-C6
(MD = -24.83, p < 0.05).
Sadness: The one-way ANOVA for ratings of sadness when sadness is expressed
showed a signiﬁcant main eﬀect of the type of movement [F (5, 55) = 3.34, p <
0.05]. Pairwise comparisons highlighted no signiﬁcant diﬀerence for ratings of
sadness among all conditions for type of movement.
4.5

Discussion

The main objective of the experiments was to address two main questions. In
the following, the results are discussed in relation to each of them.
Q1: Are the proposed expressive motion cues, reproduced at the expressive
level by the agent, eﬀective at communicating the same emotion conveyed by
the original movement?
This question addresses the issue of evaluating whether the gestures performed
by the Greta agent are associated with the same emotion expressed by the correspondent gestures performed by the actors.
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First of all, in the case of anger, there is a signiﬁcant diﬀerence between
conditions C1 and C2 when anger is expressed by the actors (higher values in
correspondence with C1 and greater than 50%, see Table 3). Values in correspondence with C2 are less than this, approaching 40%: We hypothesise that the type
of gesture performed (i.e., the shape, in addition to the expressivity) plays an
important role in emotion communication, although this is not the primary focus
of this work.
For ratings of joy, there is a signiﬁcant diﬀerence between C1 and C2 when joy
is expressed by the actors (higher values for C2). Moreover, Table 3 shows that
joy is given ratings greater than 50% for Condition 2 (66.83%), while ratings of
joy for Condition 1 is 30.63%. These results suggest that, while joy is not recognised by the participants when the actors perform the gestures, the expressivity
of the original movement reproduced in the Greta agent allows them to associate
the original aﬀective content with the synthesised gesture.
Finally, in the case of sadness, no signiﬁcant diﬀerence was found when sadness
is expressed by the actors. Ratings of sadness are higher for C1 (46.29 %) but
they do not reach the 50% (see Table 3). This result suggests that the gesture
and related expressivity chosen by the actors to express sadness might have
been misleading for the participants. This may also be the reason why ratings
of sadness for C2 are not very high (32.96%), but it may also be possible that
the expressivity reproduced on the beat gesture performed by the agent did not
evoke sadness in the participants.
Q2: How does the perception of emotion change if some of the agent’s expressivity parameters are not modulated from their ‘neutral’ values?
This question refers to whether the percentage of the recognition of emotion by the participants decreases when some expressive motion cues are not
modulated from their neutral values by the agent (conditions C3, C4, C5 and
C6) in comparison with the case in which the agent performs the beat gesture
modulating all expressivity parameters.
Results from the one-way ANOVAs for each emotion are of particular note
in the case of joy: while for anger and sadness no signiﬁcant diﬀerence between
C2 and C3, C4, C5 and C6 was found, when joy is expressed by the actors
pairwise comparisons highlighted a signiﬁcant diﬀerence in the ratings of joy
between C2 and C5. When the Spatial Extent is not modulated from its neutral
value the recognition of joy by the participants decreases signiﬁcantly. This result
suggests that the degree of contraction and expansion is a relevant cue in the
expression and recognition of joy, at least in the case of the sample of original
and synthesised gestures that was considered in this study. Moreover, Table 3
shows that ratings of joy for C2 are also higher than those for C3, C4 and C6,
suggesting that in the case of joy the choice of not modulating from their neutral
values all motion cues results in an overall lower percentage of recognition of joy.
Overall, the results provide support for the proposed motion cues in the communication and expression of emotion in human-agent interaction.
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Conclusion

In this paper we presented an evaluation study of a system for establishing an
aﬀective loop between a human user and an ECA: when the user performs an
emotional gesture the embodied agent responds by copying the user’s gesture expressivity. Results show that expressivity could convey the emotional content of
the user’s behaviour, i.e., if the agent’s expressivity is not altered then emotional
content cannot be conveyed eﬀectively.
In the near future we aim to further enrich the agent’s response: for example, by analysing the user’s gesture expressivity, the agent could perform facial
expressions that reﬂect the user’s emotional state. We also aim to reverse the
direction of our aﬀective loop. For example, we could implement an embodied
agent capable of inﬂuencing the user’s quality of movement. If the agent perceives that the user’s response is not the expected one it could perform gestures
that exhibit, for example, faster or slower speeds.
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