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Abstract. Communication, along with other factors, varies with gender.
Significant work as been done around embodied conversational agents
(ECAs) verbal and non-verbal behaviour but gender issue has often been
ignored. Yet, together with personality, culture and other factors, gen-
der is a feature that impacts the perception and thus the believability of
the characters. The main goal of this work is to understand how gender
can be provided to ECAs, and provide a very simple model that allows
for existing tools to overcome such limitation. The proposed system was
developed around SAIBA Framework using SmartBody as the behavior
realizer and tries to address this problem by adding a set of involuntary
gender specific movements to the agents behaviour in an automatic man-
ner. This is achieved by revising and complementing the work done by
the existing non-verbal behaviour generators. Focusing mainly on non-
verbal behaviour, our agents with gender were tested to see if users were
able to perceive the gender bias of the behaviours being performed. Re-
sults have shown that gender is correctly perceived, and also has effects
when paired with an accurate gender appearance.

1 Introduction

Animated films is a medium that requires the suspension of disbelief: the au-
dience enjoys the mental illusion that the characters are actually gifted with
life. However, in order to achieve such “illusion of life”, each animated character
should have, not only believable appearance, but also perform human-like facial
expressions, gestures and body movements.

In the area of virtual agents, we also aim at achieving characters with be-
lievable behaviour. Research in embodied conversational agents (ECAs) has sig-
nificant work in gaze models, gestures, postures, and facial expressions, just to
mention a few. Some of these works take into consideration the influence of indi-
vidual factors in the generation of behaviour, such as personality and culture. In
this work we will address gender differences, starting with the hypothesis that if
we have ECAs with body language and physical appearance matching in gender,
the perception of male or female will be more accurate than just having a gender
appearance.

We start with a brief overview of gender differences in non-verbal commu-
nication and relevant work in the area of ECAs. Then we present our model
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for gender in ECAs and its implementation. Finally, we discuss the evaluation
results and draw some conclusions.

2 Gender Differences in Non-verbal Communication

Non-verbal communication is one major subject when studying human behaviour.
Between 60-80 percent of our messages are communicated through our body
language and only a small percentage is attributable to the actual words of a
conversation [I3]. Non-verbal communication codes include physical appearance,
gestures, postures, facial expressions, gaze, touch, and space [§]. In this paper,
gender is considered to be the physiological, social, and cultural manifestations
of what people perceive to be the appropriate behaviours of females and males
[5]. Gender differences are assumed to be present for both verbal and non-verbal
communication.

Studies have found that women are in general considered more communica-
tive [3]. They tend to use both verbal and non-verbal cues more frequently, and
they use more distinct gestures than men. Men tend to use fewer gestures and
postures, but they change the gesture or movement that they are performing
more frequently (often repeating previous movements). Further, the biggest dif-
ferences are present in gestures categorized as adapters (involuntary movements).
Woman tend to gesture towards the body and their gestures are considered to be
more positive. On the other hand, men tend to use less positive, larger (space-
consuming) and sweeping gestures. Concerning posture, women use less physical
space. They usually assume a forward position when sitting, legs and feet to-
gether, and lean forward when listening. By contrast, men tend to stretch arms
and legs away from their body. They assume more reclined positions when sit-
ting and lean backward when listening. If we consider gaze and head movements,
women spend more time looking at their target of conversation than men which
avoid their target frequently [1] [5] [6] [15].

3 Related Work

Many systems that embed ECAs use different models for men and women, like
Mission Rehearsal Exercise (MRE) [7] or Facade [10]. However, when we com-
pare body languages and gestures there is hardly any difference between them,
apart from the pre-authored animations that are build specifically for each char-
acter. Other systems, such as Greta [12], exhibit generic non-verbal behaviour
synchronized with speech, but do not aim at specifically model different factors
like culture, personality or gender. Despite Greta being represented as a woman
there seems to be no gender driven movements considered.

Further, there are currently several non-verbal behaviour generators. The ma-
jority of them are systems that automatically add different types of non-verbal
behaviour to a given dialogue script that involves multiple human-like agents
[4] [2]. But researchers are also considering other conscious and unconscious
habits that intervene in the content of our discourse and define our non-verbal
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behaviour [11]. Our work looks at non-verbal behaviour variations concerning
gender.

4 A Model for Gender Adaptation in ECAs

We aim at creating distinct individual characters which can perform the exact
same script, with the same proposed gestures, but behave somehow differently
according to their gender. Overall, most gender differences are involuntary move-
ments observed at different levels: (a) gestures and postures that are socially
attributable to man or woman (mutually exclusive); (b) gestures and postures
that are performed by both male and female, but in a different way; and finally
(c) differences between the amount of gestures and postures performed during a
conversation.

The process of generating behaviour in ECAs usually considers three stages:
intent planning, behaviour planning and behaviour realization [9]. Since we are
interested in involuntary movements, which do not have any specific semantic
meaning, they are somewhere in-between the behaviour planning and the be-
haviour realization. As such, we introduced these involuntary movements at the
body level of our characters. Since we do not want to redesign the existent be-
haviour generators but rather to complement them, and use the currently avail-
able tools, our model extends the current behaviour generation pipeline adding
a behaviour reviser and an involuntary behaviour generator (see Figure [II).

The behaviour reviser looks at the previous generated behaviours and, if nec-
essary and possible, replaces gestures or postures which are inaccurate in gender.
Thus, it adapts or performs gender variations by selecting the appropriate ges-
ture or posture whilst keeping the intended semantic meaning.
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The involuntary behaviour generator generates gender specific involuntary
movements. Previous generated behaviours are not overridden or replaced. The
inclusion takes place in the empty spaces, in which no concrete behaviour was
generated. The process considers the differences between genders: female char-
acters will use more distinct gestures than male characters, and male charac-
ters will change from gesture to gesture more frequently reusing previous used
gestures.

5 Implementation of the Model

Our implementation uses scripts in BML (Behaviour Markup Language) as in-
put, and SmartBody [I4] with the Panda3D BML Realizexl] as behaviour realizer.
Panda3D BMLR offers a limited number of characters with both female and male
appearances. Each character can perform a pre-defined set of gestures and pos-
tures which were marked as feminine or masculine and stored in the animation
library.

When a character receives a BML script, the behaviour reviser searches for
behaviour inconsistencies (an inconsistency occurs when a selected gesture or
posture does not match the character’s gender). If an inconsistency is found, it
looks into the animation library and tries to replace the gesture or posture for
appropriate ones.

Then, the revised BML script goes through the involuntary behaviour gen-
erator which finds empty spaces and fills them with involuntary movements:
gestures, postures, gaze and head movements.

Finding Empty Spaces. The algorithm for finding empty spaces looks at start
and end points of each BML element: lower and higher bound of the interval for
gestures, and lower bound of the interval for postures (the higher bound is always
infinity). Then overlapping intervals are resolved. Finally we obtain a number of
empty spaces, and their duration and position within the BML block.

Generating Involuntary Gestures. Based on the studies presented in section
2, the algorithm for generating involuntary gestures selects which percentage of
total empty time will be used according to gender. If the empty time is too small,
no involuntary gestures will be added. Then, it selects appropriate gestures from
the animation library and inserts them into the available empty spaces.

Generating Involuntary Postures. Generating involuntary postures is sim-
ilar to generating involuntary gestures. However, since postures do not have a
pre-defined duration, characters can remain in a specific posture forever. There-
fore, the algorithm takes into account not only the available time to maintain a
specific posture, but also its intended duration, which varies with gender.

Generating Involuntary Gaze and Head Movements. Since SmartBody
can blend gaze and head movements with other behaviours, there is no need
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to calculate empty spaces for them. The generator inserts multiple head nods
(which vary with gender) along a BML block when a character is listening.

Finally, the resultant BML block is sent to the Panda3D BMLR to be realized
and rendered.

6 Evaluation and Results

We conducted an on-line evaluation in order to study the impact of our approach
in the perception of gender in an ECA.

6.1 Design

The evaluation process was divided into two parts. In the first part, we wanted
to assess our assumptions concerning the gender of the proposed characters (if
the female looking character was rated as female, the androgynous as neutral
and the male as male). Users were asked to classify the characters in a 5 points
Likert scale ranging from wvery feminine - 1 to very masculine - 5, including a
neutral classification. We considered that female and male perception would fit,
respectively, the intervals [1, 2.5] and [3.5, 5]. Androgynous look would be in the
middle. The characters were presented with different poses (see Figure ().

Fig. 2. Characters used for the evaluation process

The second part of the evaluation was performed with videos displaying be-
haviour generated with our model. Six conditions were considered corresponding
to the permutation of two independent variables: “look” which refers to the phys-
ical appearance of the character (female, androgynous, or male), and “behaviour”
which refers to the generated behaviour (female behaviour or male behaviour).
We used within-subject design (questionnaires with repeated measures) where
users were asked to do the same classification as before (5 points Likert scale).

6.2 Participants

The on-line questionnaires were completed by eighty four participants (46 male
and 38 female).
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6.3 Results

In the first part, the results show that the chosen look for our androgynous body
did not fall in the interval we defined for the androgynous representation [2.5,
3.5] with a mean of ;1 = 3.54 and standard deviation o = 0.61. The female body
had a mean of 1 = 2.38 and standard deviation of o = 1.01, thus the character
was rated as less feminine than expected. On the other hand, the male body fell
in the desired interval with a mean result of 4 = 4.13 and standard deviation
o = 0.63.

In the second part, we conducted Mauchlys sphericity tests to validate that we
could apply repeated-measures ANOVA. The ANOVA shows significance in two
main effects: how “look” influences the perception of gender (£'(1.820,151.069) =
14.807,p < 0.001), and how “behaviour” influences the perception of gender
(F(1,83) = 355.806,p < 0.001). There is also a significant interaction between
“look” and “behaviour” (F(2,166) = 35.359,p < 0.001). Therefore, the varia-
tion on gender perception when combining look and behaviour is higher than
the sum of the effects of each variable separately. In other words, it means that
gender is better perceived when the body of the character matches the bodily
behaviour being performed.

6.4 Discussion

Overall we can say that gender was correctly perceived in the different conditions.
The physical appearance of our characters is perceived as being more masculine
than expected. This is probably due to the use of a common internal skeleton,
which does not take into account gender differences.

Concerning the modified behaviour, the ANOVA results support, at least in
part, our approach. We also looked at the individual conditions, used the mean
values of each look as a baseline and compared those values with the characters
with feminine and masculine behaviour. The perception of gender is seen as more
feminine or more masculine as expected. However, this analysis has yet to be
supported with pairwise t-tests.

7 Conclusions and Future Work

In order to achieve more believability in embodied conversational agents (ECAs),
agents must have not only a believable physical appearance but also perform
believably in both verbal and non-verbal behaviours. Our approach has taken
the view that if we have ECAs with body language and physical appearance
matching in gender, the perception of male or female would be more accurate
and eventually more believable. Our results showed that gender is indeed better
perceived, which in part supports our hypothesis.

Finally, one should stress that our approach uses mostly involuntary move-
ments, which does not cover all aspects of gender. Our behaviour generation
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pipeline can also be improved to take into consideration the interaction with
other agents. Finally, crossing gender with emotions, personality and most im-
portantly culture should be investigated in the future.
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