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Abstract

An experiment to determine factors that in�uence the perceived sex
of virtual characters was conducted. Four different model types
were used: highly realistic male and female models, an androgy-
nous character, and a point light walker. Three different types of
motion were applied to all models: motion captured male and fe-
male walks, and neutral synthetic walks. We found that both form
and motion in�uence sex perception for these characters: for neu-
tral synthetic motions, form determines perceived sex, whereas nat-
ural motion affects the perceived sex of both androgynous and real-
istic forms. These results have implications on variety and realism
when simulating large crowds of virtual characters.

CR Categories: I.3.7 [Computer Graphics]: Three Dimensional
Graphics and Realism�Animation;

Keywords: motion capture, virtual humans, perception

1 Introduction

Animated virtual humans are needed for many applications in enter-
tainment, education and science. Their movements can be created
by artists, by programs (procedural animation), or recorded from
real people using motion capture technology. Crowd simulation
systems, in which thousands of virtual humans navigate realistic
environments such as cities present a particular challenge. Crowds
simulated with synthetic walking motions can lack personality, so
motion captured data can be used to add realism (Figure 2).

In this paper, we investigate some factors that affect the perceived
sex of walking virtual humans, with a view to increasing the realism
of pedestrians in real-time crowd simulations. We cannot simulate
everyone in a crowd with their own personal motion captured walk,
as the more motions we use, the greater the demands on potentially
limited computational and memory resources (e.g., a games con-
sole or hand-held device). Therefore, the challenge is to optimise
quality and variety with the resources available. Speci�cally, we
ask the question whether, if there is a clear visual indicator of sex
(i.e., a highly realistic, unambiguously female or male model, as
shown in Figure 1), will motion or form information dominate our
perception of the sex of the character? If motion information alone
always determines perceived sex, then we would always need to
create templates of every different motion for both males and fe-
males. However, if we �nd that form dominates, or that simulated
neutral motions are as good as captured natural motions under some
circumstances, then such duplication may not always be necessary.
Perhaps some actors’ walks can be equally effectively applied to
both male and female models. Any of these results would allow us
to create �canonical� motions to which variety could later be added,
irrespective of sex.
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Figure 1: Four model representations were animated with real fe-
male, real male or synthetic neutral motions. From left to right:
Woman model, Man model, Androgynous �gure and Point light
walker.

2 Background

There have been many studies on the perception of sex in the ex-
perimental psychology literature, both on the role of human motion
with minimal shape information and on the effect of shape on the
perception of sex. Only recently have the effects of both shape and
motion been considered together. A note on terminology: some-
times gender is used in the literature to refer to the sex of a person,
i.e., male or female. However, gender perception refers to the clas-
si�cation of the femininity or masculinity of a human, which is a
different metric, e.g., a man can have a feminine walk but should
still be classi�ed as a male.

Johansson [1973; 1976], reported that natural motion, in the ab-
sence of any spatial information, is a suf�cient cue to determine the
sex of a walker. His ‘point-light’ displays were designed to separate
biological motion information from other sources of information
that are normally intermingled with the motion of a human, such
as form or outline. He showed that 12 moving light points suf�ce
to create a rich perception of a moving human �gure, within a very
short space of time (200msec, or �ve frames of a movie). They also
reported that the sex of the walker could be identi�ed even when
the number of lights was reduced to two on the ankles. However,
it was later shown that this could have been mainly due to stride
length [Kozlowski and Cutting 1978].

Many studies since have used Johansson’s point-light displays to
show that biological motion perception, an extreme example of so-
phisticated pattern analysis in the brain, extends even further, e.g.,
to recognising a particular walker [Cutting and Kozlowski 1977] or
even one’s own walking pattern [Beardsworth and Buckner 1981].
Kozlowski and Cutting [1977] explored some of the parameters
of sex recognition without familiarity cues and showed that, while
point-lights are suf�cient for recognising the sex of a walker for dy-
namic sequences, static images were found to be insuf�cient, i.e.,
the human form cannot be identi�ed when using static point-light
stimuli alone.
Mather and Murdoch [1994] found that using views which display
sex-speci�c lateral body sway, rather than the sagittal (side) views
of earlier studies, improved recognition accuracy. Pitting structural
and dynamic cues against each other, their point light walkers were
synthetically created with either a male or female torso or an an-
drogynous structure. They applied male and female synthetic walks
to the male and female body structures, and an androgynous walk
to the androgynous structure. They found that, even when looking
at incongruent pairings of torso and walks, the motion was a more



Figure 2: Crowd simulation requires variety in colour, form and
motion [Dobbyn et al. 2006].

salient source of sex information than the body structure. However,
altering point light walkers to display different body types may still
leave uncertainty with respect to their sex, so perhaps it is not sur-
prising that motion overrides shape in this case. Also, using syn-
thetic motions that have exaggerated properties of male and female
walks may not produce the same effects as natural motions.
Johnson and Tassinary [2005] studied the effects of both shape and
motion on the perception of sex, gender and attractiveness. Instead
of using point light walkers which give little body shape informa-
tion, they used silhouettes of human body shapes with varying waist
to hip ratios, from exaggerated hour-glass to tubular �gures. Even
though synthetic motion was restricted to two highly informative
parameters (i.e., swagger for men and hip sway for women), they
found that the shape of the character was more informative of the
sex of the individual than its motion. They recently followed this
up with a study in which they showed that both form and motion
information, using these exaggerated feminine and masculine cues,
contributed to participants' judgments of attractiveness [Johnson
and Tassinary 2007],
In summary, using exaggerated synthetic motion on point light
walkers of differing shapes showed that motion was more dominant
than shape information in sex perception. Conversely, using syn-
thetic motion on exaggerated male and female silhouettes showed
that morphology was more in�uential than motion. In this paper,
we describe an experiment where natural female and male motions,
as well as synthetic neutral motions, were applied to very realistic
male and female models (e.g., as may be found in modern computer
graphics applications). Furthermore, we directly compare results
with an androgynous shape and point light walker and also exam-
ine the effects of incongruent shape and motion combinations.

3 Experimental Method
Forty one participants (22M, 19F, aged 20 to 45) took part in an
experiment to determine whether the motion or the shape/form of a
virtual character is more salient. All participants were na�̈ve to the
purpose of the experiment and had normal or corrected to normal
vision. Participants (consisting of staff, students and professionals
from different educational backgrounds) viewed the stimuli on a
large projected screen in a lecture theatre (see Figure 3). We used a
two-way, repeated measures design and the conditions weremotion
type(3) andmodel type(4).
Motion type: Six undergraduate students (3M, 3F) volunteered to
be motion captured, each in a separate session per actor. They were
not informed as to the purpose of the motion capture session which
was conducted using our 10 camera Vicon optical system, using 41
markers placed according to the Vicon human template. A curved
path was drawn on the �oor in the capture area and they were asked
to walk naturally up and down this path, which they did about 20
times. We captured some of the walks without their knowledge to

Figure 3: Group participating in experiment.

ensure they were walking naturally, then applied the motion cap-
ture data to characters in 3D Studio Max and kept one natural walk
per actor(see video at http://isg.cs.tcd.ie/mcdonner/APGV/). We
also generated three different neutral walk motions, with neither
male nor female characteristics (such as hip sway or shoulder move-
ment). These motions were generated using 3D Studio Max'sfoot-
stepmodi�er which allows the automatic generation of synthetic
walk motions. The distance between footplants was altered in or-
der to create 3 unique neutral walks.
Model type: Four different models were used to display the dif-
ferent motions (Figure 1): highly detailed woman and man models
of approximately 35000 polygons each, an androgynous character,
and a point light walker. The woman and man were chosen as typi-
cal characters that would be used in a computer simulation of natu-
ral crowds. The androgynous �gure was chosen as it did not appear
particularly male or female and so could serve as a control. The
point light walker was generated from a generic neutral skeleton
and so contained minimal shape information. We included this rep-
resentation both as a baseline, and to compare with the results of
the earlier studies described above.

Figure 4: (L) Walker's path, (R) Camera view.

A grey ground plane was added to the scene and the camera was
placed so that the majority of the walk was in a straight line coming
towards the camera (Figure 4). Each of the different motion types
(3) from each of the actors (3) were applied to each of the model
types (4), with two repetitions for each condition, resulting in a total
of 72 movies, each approximately 3.5 seconds long.
The movies were sorted randomly in two different playlists and two
groups of participants each viewed one of the sets of 72 movies on a
large projected display1 (Figure 3). They were told to take both mo-
tion and form/shape into account and they marked their selections
on an answer sheet. Each movie was followed by a four-second
blank screen, during which participants categorised the character
they just saw on a �ve-point scale of 1:very male, 2: male, 3:
ambiguous, 4: femaleor 5: very female. The number of the next
stimulus was then displayed for two seconds, with an accompany-
ing alerting sound.

1Similar group experiments were conducted with only a monitor atthe
front of the lecture theatre [Kozlowski and Cutting 1977]. Even though
viewing angle differed signi�cantly between participants, recognition per-
formance was still well above chance. Our larger display ensured more
consistent viewing angles.


