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ABSTRACT
The characteristics of virtual faces can be important factors for
avatars and characters in video games. Previous work investi-
gates how users create their own avatars and determines the
generally preferred characteristics of virtual faces. However,
it is currently unknown how the preferred characteristics of
avatar faces depend on the players’ age and gender or if these
demographics can be predicted based on the data provided
by an avatar creation system. In this paper, we investigate
the effects of gender and age on the facial characteristics of
4,215 virtual faces created by 1,475 participants (994 male,
481 female) mainly from Central Europe using a web-based
avatar creation system and the Caucasian average face. Our
results show that with increasing age, men and women de-
sign increasingly realistic and less stylized avatars. We also
found that young persons design more androgynous avatars,
while adults further increase the masculinity and femininity of
their avatars. However, women with higher age decrease the
femininity and increase the masculinity of stereotypical faces.
Based on the data collected during the avatar creation process,
we can predict the participants’ gender with an accuracy up to
91%, which open up new use cases for video games and avatar
creation systems. We discuss potential social, biological, and
cognitive explanations for our results and contribute with de-
sign implications for games and future avatar customization
systems.

CCS Concepts
•Social and professional topics → User characteristics;
•Human-centered computing→ HCI design and evaluation
methods;

Author Keywords
Avatars; player demographics; avatar creation; character
creation; player classification.

INTRODUCTION
Video games benefit from realistic and visually appealing vir-
tual characters including the player’s representation in the
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virtual world – the avatar. Games with human characters
such as Lara Croft in the Tomb Raider series [13] or Nathan
Drake in the Uncharted series [40] received mainly positive
ratings for their outstanding character design and were very
successful [24, 2, 4]. It is known that appealing human-like
virtual characters are perceived to be more likeable and arous-
ing, and people are more likely to choose to be represented
by them [41]. This can partially be explained by research on
physical attractiveness, which ascribed more favorable person-
ality traits to humans with physically attractive faces [46, 15,
17]. Such traits may help people to project an idealized self
and to have a higher attachment to their avatar [16].

One problem with the acceptance of virtual characters can
occur at high levels of realism. The uncanny valley hinders
virtual characters from being accepted when they almost look
like real humans [39, 47]. Thus, realistic video games such
as L.A. Noire [55] or Mass Effect: Andromeda [5] were criti-
cized for the insufficient realism of their main characters and
NPCs [54, 22]. Researchers use avatar creation systems to
explore which design choices people make to avoid uncanny
effects and which facial characteristics they prefer in virtual
avatar faces [50, 1]. For example, it has been shown that peo-
ple use very appealing features such as natural proportions,
smooth skin, and youthfulness to prevent uncanny effects of
too much realism in virtual faces [51].

For researchers, developers and designers of games, it is not
only important to understand the effects of realism but also to
learn how individual factors of the users affect the affinity to-
wards game characters they create, like, and play. Particularly,
stereotypes can leverage concepts a player already knows and
suggest how to interact with them in games [24]. However, at-
titudes towards stereotypical faces such as heroes and villains
are not well explored even when male and female character
roles and behaviors are frequently stereotyped in games [18].
Offering the preferred character designs of the own avatar or
for different stereotypes as well as customized options for
players with the corresponding age and gender could signifi-
cantly improve the player-avatar connection in games and lead
to higher levels of immersion.

Furthermore, it is unknown whether the facial characteristics
of an avatar and additional meta-data of its creation can be used
to derive a profile of its creator and the stereotype of the avatar.
Through determining the players’ age, gender, or the kind
of avatar, a number of games and further applications could
benefit. Role-playing games (RPGs) or life simulations, for
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example, could adapt their storiy lines and adventures based on
the demographics of their players and on the appearance of the
avatars to provide more immersive and individual experiences.

In this paper, we present the results of a study using the on-
line avatar creation tool faceMaker by Schwind et al. [51,
50]. Starting from the Caucasian average face, 1,520 users
(994 male, 481 female) distributed across three age groups
created 4,215 virtual avatar faces. Analyzing the created faces,
we found significant effects of age and gender on the facial
characteristics of stereotypical avatar faces. Not only facial
preferences depend on age and gender, but also the process
how the different user groups create their avatars. Based on the
meta-data of the face creation process, we are able to classify
the gender of the participants with an accuracy up to 91%.

We discuss social, biological, and cognitive influences ex-
plaining these results. We contribute with our findings, the
complete data set, design implications for future designs of vir-
tual characters in games, and recommendations for games and
further applications where avatar customization is present.

RELATED WORK
Previous work investigates the characteristics of physical at-
tractiveness in faces and the cognitive processes involved in
face perception. One cognitive process playing an important
role in recognizing and processing faces is perceptual narrow-
ing as highlighted in the following section. Furthermore, this
work is related to previous research investigating gender- and
age-related differences in avatar research and tools developed
to understand players and the design process of avatars.

Virtual Face Perception
Nowak and Rauh [41] showed that physical attractiveness of
video game characters has a significant impact on gaming.
The authors found that people tend to select characters with
clear masculinity or femininity, which is also apparent in char-
acter designs of current video games. John [26] found in a
meta-analysis of game-design magazines that game designers
both consciously as well as unconsciously create game char-
acters with physical attractiveness to increase the impact of
their game. This was confirmed by Miller [38] who found
that male game characters are designed to be more muscular
and powerful while female characters were often designed
to be physically attractive, innocent, and sexy. Physical at-
tractiveness of virtual faces in games is related to research
in evolutionary aesthetics, which found that ratings of facial
preferences are consistent between multiple studies. Features
such as symmetry [42], sexual dimorphism [43], and average-
ness [29] are cross-culturally perceived as physically attrac-
tive [12]. Interestingly, perfect symmetry is not necessarily
desired. Slightly fluctuating symmetries are perceived to be
more attractive than faces with perfect symmetry [53].

Previous work suggests a number of factors influencing the
perception of physical attractiveness of faces. One of these fac-
tors is the process of perceptual narrowing [12]. The process is
a regressive cognitive development and contributes in critical
ways to the human ability to recognize faces [31]. It has been
shown, that infants lose the ability to discriminate faces of
persons with other ethnicities and tune them to their familiar

ethnicity. This effect is known as the “own-race bias” [28, 37].
The process tunes infants to recognize mainly adult faces [33];
however, it is known that perceptual narrowing does not end
in early years. It has been shown, that the individual notion
of a familiar and the average face depends on the population a
person has been exposed to over the whole lifetime [37].

Researchers assume that perceptual narrowing could also be
responsible for the uncanny valley effect [10, 34, 39]. The ef-
fect describes a sudden dip of affinity towards very human-like
entities while less or full human-like characters are generally
accepted. Perceptual narrowing was brought into connection
with the uncanny valley as it enhances the ability to discrimi-
nate faces. Thus, abnormalities in virtual renderings seem to
be more apparent [10] and inconsistencies in a photo-realistic
human face can cause an entity to appear unfamiliar. As some
features of the virtual face (e.g., eyes, skin, or hair) are more
difficult to create than other facial parts computer-graphics
tend to be inherently inconsistent in their realism [10].

Tools to create and customize avatars can help to determine
which design choices people make to avoid uncanny effects
and which facial characteristics they actually prefer. For exam-
ple, in an online study using the avatar creation tool faceMaker,
Schwind et al. [51] found that people do not tend to stylize
faces. Instead, they used features such as smooth skin, healthy
skin color, ideal proportions, and clear gender cues to create
appealing faces. These findings are supported by Nowak and
Rauh [41] who found that people are more likely to perceive
an avatar as credible when it is anthropomorphic (human-like)
and that anthropomorphism as well as lower androgyny of
avatars increase physical attractiveness, credibility, and ho-
mophily. Chung et al. [11] suggest that the process of avatar
creation leads to a stronger sense of self-presence and more
identification with the created character. This is supported by
findings of Ducheneaut et al. [16], who particularly highlight
the importance of changing body shapes, hair styles, and hair
colors in avatar creation and identification.

Gender-and Age-related Differences
Prior research showed how avatars foster intrinsic motivation
in games [6]; however, a number of age- and gender-related
differences seem to exist [41]. In particular, the sexualization
of primarily female game characters by game designers is
a highly discussed topic in video gaming research [3, 25,
38]. Schwind et al. [49] showed that there are gender-related
differences in presence perception of hand avatars in virtual
reality. However, not only gaming with avatars but also the
creation process of avatars seems to be dependent on gender
and age. In a long-term study by Heeter et al. [21], the authors
observed teens designing games and describe that girls desire
a very high level of avatar customizations while boys preferred
to use predefined characters.

John [26] observed a developer team of computer games and
found that they had no clear target age in mind for the player.
Thus, they tend to design sexualized stereotypes for games as-
suming that they will be accepted. According to Carrasco [9],
avatar studies have typically focused on younger users rather
than on older adults. Their findings from an avatar study with
older adults show that they prefer aged avatars. The authors



also highlight that older adults have specific representational
requirements when designing virtual avatars [9]. This is sup-
ported by Rice et al. [45] who showed that older adults seek
more attractive and expressive features in avatars and have
similar interests in customization features of an avatar creation
system than younger players.

Summary
Previous work showed that gender and age are important fac-
tors in perceiving features of a virtual face [21, 30, 52, 45].
Many insights about avatars are already known through re-
search in attractiveness and from evolutionary aesthetics [43,
42, 29, 12], but virtual avatars do not necessarily look photo-
realistic or human-like [10, 27, 38]. Research found that
avatars are designed to be realistic, attractive and appeal-
ing [51], however, players also customize their characters
and swap their gender, for example, to gain benefits within
the game [23, 52, 35]. As the games compromise the way
how people customize their avatar, this research uses a neu-
tral non-gaming environment [50] to investigate how gender
and age influence the preferred characteristics of stereotypical
avatars. Furthermore, this research aims to investigate if the
facial characteristics or additional metadata during the creation
process while using the avatar generation system can classify
stereotypical faces and the demographics of the player. This
knowledge can be crucial for creating dynamically adapting
games and providing more immersive experiences for players.

STUDY
The aim of this study is to investigate the effects of age and
gender on the preferred characteristics of virtual stereotypical
avatar faces. We also investigate if avatar-related factors exist
that can predict age or gender of the player. We mainly focus
on the realism of the avatar as well as on features that con-
tribute to the affinity towards the avatar faces. Thus, age group
and gender are between-subject variables in a multi-factorial
mixed-design. Our work is based on web-based avatar gen-
erator faceMaker, which we already used and validated in
prior research [51, 50] and is available at github1. The tool is
based on the female and male Caucasian average face having
the least visual distance to any other faces of this population.
The system uses 37 different parameters to change the facial
characteristics based on six different tasks [51]. The tasks
were introduced to create stereotypical faces of an arbitrary,
repulsive, heroine, hero, female villain, and male villain avatar.

Apparatus
We hosted the faceMaker system (Figure 1) on our website2.
The system uses the open Javascript library three.js3 to render
a 3D avatar face based on the male and female Caucasian
average face, which was computed by photos of 117 male
and 151 female faces. We used the model of faceMaker as
the provided Caucasian average face belongs to our target
group, often appear in recent video games, and is well known
from gaming or attractiveness research. The average face has

1https://github.com/valentin-schwind/facemaker
2http://facemaker.uvrg.org
3https://threejs.org

Figure 1. Screenshot of the WebGL-application and avatar generator
faceMaker [51].

no individual characteristics. Users can seamlessly blend be-
tween different facial characteristics, and can control single
parameters without compensating unwanted features. With
faceMaker the participants can change the average face and
manipulate its characteristics using 5 general (avatar gender,
style, details, color, hair color) and 32 face specific features
(such as mouth size, nose length, eye distance, etc.). A com-
plete list of all parameter states and morphings used in the
faceMaker application is shown in Table 1.

Each parameter is represented by a slider grouped into a move-
able user interface (UI) group box equipped with a help button
for further information. UI boxes and slider order within a
group are randomized for each participant. Mouse movements
above each slider moves the camera to the corresponding facial
feature. For example, moving the mouse cursor to the nose
length slider rotates the camera to the profile of the face. To
the right of each slider is a reset button, where the user could
set the slider to the default value. A complete description of
the implementation can be found in the original article in our
previous work [50]. To avoid biases, no clothes, additional
hair styles, scars, tattoos, or equipment were used.

Measures
We measured the 37 parameter values of each avatar face and
additional metadata during the creation. Metadata include task
completion time, mouse clicks, mouse movements, and resets
of the sliders. Mouse clicks indicate if the parameter of a
slider was changed. Mouse movements indicate how often the
mouse was above a slider. Resets were counted to measure
how often a value was set to the default value. Before submit-
ting a face, we asked participants to assess their confidence
in succeeding in the task (very successful/very unsuccess-
ful) as well as the likeability (very likable/very unlikeable),
attractiveness (very attractive/very unattractive), and gender
affiliation (very masculine/very feminine) of the created avatar
using 7-point semantic differentials. The success question
was used to ensure that users completed the tasks correctly.
We asked for likeability and attractiveness to operationalize
the preferred avatar design. We used gender affiliation as the
control variable for gender manipulation.

https://github.com/valentin-schwind/facemaker
http://facemaker.uvrg.org
https://threejs.org


parameter − values + type
face gender female androgynous* male t m
face style realistic* cartoon m
face details none half* full t
skin color black average* white t
hair color black brun. med.blonde* red bright blonde t
eyes color black brown* amber blue lt. blue green grey t
eyes shape droopy down round oval* almond up asian m
eyes opening narrow average* wide m
eyes size small average* big m
eyes height up average* down m
eyes distance narrow average* wide m
eyes orbit bulgy average* covernous m
eyes rotation in average* out m
eyebrows color black brun. med.blonde* red bright blonde t
eyebrows shape pointedstraight average* roundhooked m
eyebrows strength thin average* thick t
nose shape snub average* hooked m
nose length short average* long m
nose width thin average* thick m
nose bridge thin average* thick m
nose cartilage round average* flat m
forehead size down average* up m
ear size small average* big m
throat size thin average* thick m
jaw shape triangle average* squared m
jaw length long average* short m
chin shape pointed average* cleft m
cheeks shape full average* scraggy m
lips volume thin average* full m
lips size ratio upper lip average* lower lip m
mouth shape down average* up m
mouth width wide average* narrow m
mouth height up average* down m
mouth depth backwards average* forwards m
eyes shadow none* full t
lipstick none* full t
rouge none* full t

* default, blending types: t = texture blending, m = mesh morphing

Table 1. Overview about the 37 parameter scales. The parameters of the
interfaces were grouped into the groups: common, eyes, eyebrows, nose,
outer face, cheeks/jaw, mouth, and make-up..

Tasks
Our study was designed to understand how men and women of
three different age groups design different stereotypical avatars.
In line with our previous work related to this study [51, 50],
we asked participants to create six different faces: An arbitrary
avatar face, an uncanny, repulsive face, a heroine, a hero, a
female villain and a male villain.

Procedure
An online session started with demographic questions about
gender, age, game and movie consumption. Minors were
advised to receive the informed consent of their parents or
legal guardians before using the application. After confirming
the terms of use, the application showed the instructions and
tasks. All geometries and texture blendings start from the
androgynous middle between the male and female average face
with all default values as shown in Table 1. Before submitting
an avatar, participants had to answer the four questions about
the created face (see Measures). After submitting a face, the
application started with a new task until all of them were
completed. The tasks were presented in a balanced 6×6 Latin
square order, starting with the first task containing the fewest
data entries in our database. Each task could only be processed
once. Session timer was paused when a participant closed the
browser tab. A participant could continue the study within
seven days. Participants were able to download their avatars
as images or 3D models after completing all tasks.
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Figure 2. Age histogram (top) and statements about video game con-
sumption (bottom) of male and female participants.

Participants
In total, 1,519 participants (994 male, 481 female, 44 other/not
specified) took part in our study. They were recruited via so-
cial media, mailing lists, advertisements, and word of mouth.
To perform further statistical analyses we removed the 44
other/not specified participants. The remaining 1,475 partici-
pants were between 6 and 86 years old (M = 33.8, SD = 15.3).
Three age groups were assigned based on the tertile of the
participants’ age (see Figure 2): 6-24 year old (y/o) (472 par-
ticipants), 25-39 y/o (526 participants), and 40-86 y/o (477
participants). An overview about the statements how often the
participants play video games can be found in Figure 2. The
majority, 940 participants, stated that their origin country is
Germany, 59 participants came from the U.S., 57 from Poland,
31 from Austria, 29 from the U.K., 23 from Italy, 22 from
Spain, 20 from Canada, 17 from Russia, 12 from France, and
further 277 participants from Australia and further 84 coun-
tries in Europe, America, and Asia. The study received ethics
clearance according to the ethics and privacy regulations of
our institution.

RESULTS
We received a total of 4840 avatar faces. We removed 625
faces due to the following issues: cookies were deleted during
the browser session, no parameters were changed during the
session, session time exceeded 6 hours, when the browser did
not support the English user interface of faceMaker, too low
screen resolutions (<1280p). For statistical evaluation, we
used 4,215 avatar faces. Based on our research questions, the
analyses of our results highlight the following points: face
realism, gender affiliation, facial preferences, parameter usage,
and classification.



Realism
We used the parameters face style and skin details to determine
the realism of the avatar faces. Increased face style morphed
the model to a stylized, cartoon face, skin details increases the
visibility of a photo-realistic skin texture. We would like to
point out that other over-exaggerated atypical features deviat-
ing from the human norm may also cause to appear a face less
realistic, which is not considered in this part of the analysis.

For each measure, we conducted a three-way analysis of
variance (ANOVA). For skin details there were significant
main effects for GENDER, F(1,4179) = 31.510, p < .001,
AGE, F(2,4179) = 17.471, p < .001, FACE × GENDER
F(5,4143) = 4.959, p < .001, FACE × AGE F(10,4143) =
1.898, p = .040, GENDER × AGE F(2,4143) = 3.005, p =
.049. There was no three-way interaction effect (p = 0.715).
For testing the hypothesis that more skin details were added
with increased age, we conducted Bonferroni-corrected pair-
wise t-tests between the average values of each age group
(gender and stereotype were aggregated). Post-hoc tests re-
vealed significant differences of participants between 6-24 y/o
(M = .475, SD = .304) and 25-39 y/o (M = .526, SD = .315),
t(2625.947) = 4.283, p < 0.001, between 6-24 y/o and 40-86
y/o (M = .557, SD = .307), t(2559.241) = 6.831, p < 0.001,
and between 25-39 y/o and 40-86 y/o, t(2999.272) = 2.772.
p = 0.02. Thus, significantly more skin details were used
when participants were older and significantly more skin de-
tails were used by male (M = .541, SD = .306) than by female
participants (M = .489, SD = .316).

For face style there were no significant main effects for GEN-
DER, F(1,4179)= 2.263, p= .133 but for AGE, F(2,4179)=
21.967, p < .001, and FACE × GENDER, F(5,4143) = 2.753,
p = .017. There were no further interactions effects (all with
p > .130). Post-hoc tests revealed no significant differences
of participants between 6-24 y/o (M = .100, SD = .247) and
25-39 y/o (M = .082, SD = .222), t(2433.582) = −2.061,
p= .118; however, between 6-24 y/o and 40-86 y/o (M = .052,
SD = .174), t(2104.844) = −5.702, p < .001, and between
25-39 y/o and 40-86 y/o, t(2948.262) = −4.095. p < .001.
Thus, the face style parameter significantly decreased with
age, especially between 6-24 y/o and 25-39 y/o participants.

We summarize that both skin details and face style operational-
ized to determine facial realism were significantly affected
by gender and age. While participants increased the photo-
realistic textural details on their avatars with increased age,
the stylized geometrical cartoon shape was decreased.

Gender Affiliation
We used the parameter face gender to determine if an avatar
face was designed rather feminine or masculine. We con-
ducted a three-way ANOVA to determine the effects of AGE,
GENDER, and STEREOTYPE. We found significant effects for
AGE, F(1,4179) = 2.678, p < .001, GENDER, F(1,4179) =
35.921, p < .001, STEREOTYPE, F(5,4179) = 906.276, p <
.001, AGE × STEREOTYPE, F(10,4179) = 3.848, p < .001,
GENDER × STEREOTYPE, F(5,4179) = 5.124, p < .001,
AGE × GENDER, F(2,4179) = 9.799, p < .001. There was
no significant three-way interaction effect for AGE× GENDER
× STEREOTYPE, F(10,4179) = 0.950, p < .485.
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Figure 3. The faceGender parameter related to the perceived likability
and attractiveness of the stereotypical faces. Markers along the arrow
segments show the mean rating among the three age groups. Rectangles
show CI95 in each direction.

Mean comparisons reveal that the average face gender val-
ues tend to be more androgynous when the face has the op-
posite gender of the participants (see Figure 4). We used
Bonferroni-corrected pairwise comparisons to determine be-
tween which age groups and face types significant differ-
ences of the parameter face gender exist. We found no sig-
nificant differences between the male age groups and the
mean values of the male hero or the male villain. This was
also the case for the female age groups and the mean val-
ues of the female hero and the female villain. However, we
found significant differences of the parameter face gender
between the male 6-24 y/o age group and the mean values
of 25-39 y/o, t(165.622) = 1.319, p = .002, and 40-86 y/o,
t(160.378) = 1.193, p < .001 for the female hero and be-
tween 6-24 y/o age group and 25-39 y/o, t(129.054) = 1.319,
p = .017, or 40-86 y/o, t(341.120) = 1.193, , p = .004, for the
female villain. Furthermore, there were significant differences
between the female 6-24 y/o age group and mean value of
the 25-39 y/o group for the male hero, t(200.513) = 2.801,
p = .017. All mean values are shown in the face gender row
in Figure 4.

We summarize that avatar faces created by both younger male
as well as female age groups show significantly lower mani-
festations of the participants’ opposite gender than older age
groups. Furthermore, previous work showed that women tend
to swap the gender with their avatars [23]. Therefore, we were
interested in the difference between the means of the face
gender parameters of the arbitrary face. The overall differ-
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Figure 4. Average faces of the six stereotypes created by women (left image sides) and men (right image sides) and the different age groups. Below are
the parameter plots of face style, and skin details. Error bars of the plot show 95% confidence interval (CI95)

ence between both gender was significant, t(593.924)= 5.983,
p < .001. For male participants there were significant differ-
ences of the face gender parameter between 6-24 y/o and 25-39
y/o, t(176.246) =−2.496, p= .040, between 6-24 y/o and 40-
86 y/o, t(159.179)=−2.827, p= .016, but not between 25-39
y/o and 40-86 y/o, t(350.952) =−.287, p = 1.00. There were
no significant differences of the means of the face gender pa-
rameter between the female age groups (all p > .180). Thus,
female participants prefere more feminine faces than men.

We asked for the subjective gender affiliation of an avatar
face to determine which facial characteristic contributes to the
femininity or masculinity of a face. Thus, a linear regression
model was performed, R2 = .727, R2

Ad j. = .596, SE = .210,

F(1367,2847) = 5.554, p < .001, d = 1.980, which showed
significant effects. No auto correlations were found. Visual
cues provided by the scatterplots of the standardized residuals
(not illustrated) indicate that the data met the assumptions
of homogeneity of variance, linearity, and homoscedasticity
for the regression. Facial manipulation face gender showed
the highest parameter coefficients among all parameters (β =
.579, p < .001). Further significant coefficients were throat
size (β = .095, p < .001), skin details (β = .095, p < .001),
eye rotation (β = .041, p < .001), and jaw shape (β = .041,
p < .001). We conclude that the face gender parameter was
the most significant parameter contributing to the masculinity
or femininity of a face.
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three age groups. Rectangles show CI95. Face renderings show face samples from the corresponding areas.

Stereotypes
Our research aimed to determine how facial characteristics
of the stereotypes differ between gender and age. Due to the
high number of different facial characteristics, we reduced the
number of dimensions and visualized their similarities using
visual mapping. First, we conducted a three-way multivari-
ate analysis of variance (MANOVA) to determine if the 37
latent parameters were significantly affected by STEREOTYPE,
AGE, and GENDER. Main effects in all separate univariate
ANOVAs showed significant effects on all 37 facial charac-
teristics (all with p < .05). Thus, all facial parameters were
included in dimension reduction. Second, we calculated the
euclidean distances between the parameters using the R cmd-
scale function4. Again, we conducted a three-way MANOVA
and subsequent univariate ANOVAs on the two dimensions
from MDS, which were significant for all main and interaction
effects between the independent variables (all with p < .05),
except for y-values with GENDER, STEREOTYPE×GENDER,
AGE×GENDER, and STEREOTYPE×GENDER×AGE. Third,
we used the euclidean distances calculated by the MDS al-
gorithm to visualize the faces using a spatial 2D mapping
(stress value = .154). We determined two clusters containing
male and female faces using hierarchical clustering (HC) and
visualized their centers (“M” and “F” in Figure 5). By av-
eraging the positions of the faces designed by male, female,
and participants of three different age groups we determined
the centers of the corresponding groups on the map. For the

4MDS cmdscale for R: https://stat.ethz.ch/R-manual/R-devel/
library/stats/html/cmdscale.html

sake of clarity, we split the map into a male and female panel
for the gender of the participants and connected the average
stereotypical faces the age groups with arrow paths as shown
in Figure 5.

Visual inspection revealed a filament structure in the upper part
of the map where male and female stereotypical faces shape
two corresponding main clusters. Interestingly, the MDS algo-
rithm constructed a similar arrangement of averaged faces as
in the plot in Figure 3. Male faces are right of the average faces
and located at positive x-values, female faces are left of the
average and have rather negative x-values on the map. Values
on the y-axis correspond with likeability and attractiveness
measures of the virtual faces. Stereotypes with lower y-values
received more skin details, had an increased skin brightness
(cf. Figure 4), and more or exaggerated characteristics deviat-
ing from the human average. Furthermore, there is an offset
between heroes and villains and a similar development of their
characteristics between the age groups.

As shown in Figure 5, the arbitrary faces are close to the loca-
tions of the female heroes, which indicates that the participants
tend to design female faces with physical attractiveness when
they had the free design choice. As the arbitrary faces also
contains male ones, it is closer to the average face than the
other face groups. Design choices of arbitrary and female hero
faces follow a similar pattern and development with increased
age of the participants. Similar to Figure 4, abnormal or de-
viating faces from the repulsive face category can be found
at the bottom of the MDS map. Participants use multiple and
very atypical features, which causes a larger distance from

https://stat.ethz.ch/R-manual/R-devel/library/stats/html/cmdscale.html
https://stat.ethz.ch/R-manual/R-devel/library/stats/html/cmdscale.html


the human average. Older participants tend to create more
realistic and less deviating repulsive faces. Thus, their faces
were more masculine and villain-like, which gives them a
more reasonable and realistic appearance.

The aggregated dimensions of the stereotypes designed by
females showed highest feminine traits when they were created
by 25-39 y/o participants. Thus, female participants of the 6-
24 and 40-86 y/o age groups design heroes and villains of their
own gender less feminine than 25-39 y/o participants. This
was not the case for male participants either for their designs
of female or for male stereotypes. Furthermore, masculinity of
male heroes and villains generally increases with the age of the
female participants. This is in contrast to stereotypes designed
by the male participants, who designed female heroes and
villains more and more feminine when they were older.

We summarize that our participants differentiate facial prefer-
ences between stereotypical faces. The effect of stereotypes
exist after a reduction from 37 to 2 dimensions, which could
be visualized using MDS. The MDS map showed a similar
arrangement as the relative arrangement of gender and prefer-
ence as shown in Figure 3. By comparing the average positions
between the faces, we found that female participants designed
all stereotypical faces more masculine. Male participants as
they get older design their faces less average, except the repul-
sive faces, which were designed to be more realistic.

Parameter Usage
In terms of avatar and face customization research, it is also
crucial to learn how much effort male, female, and participants
within the different age groups put on creating their faces.
We conducted a three-way ANOVA on the log-transformed
time participants needed to create a face. There was a sig-
nificant effect of GENDER, F(1,3987) = 37.519, p < .001,
AGE, F(2,3987) = 18.998, p < .001, and a significant inter-
action effect between GENDER × AGE, F(10,3987) = 5.765,
p = .003. There were no main or further interaction effects
with STEREOTYPE (all with p > .607).

Consequently, with an increased TCT the average number of
clicks is also higher for female than for male participants. We
found significant effects of GENDER, F(1,4179) = 99.888,
p < .001, AGE, F(2,4179) = 7.681, p < .001, without further
interaction effects. Figure 6 shows significant differences of
the average number of mouse clicks and the task completion
time (TCT). We summarize that female and older participants
spent more time and effort into creating their avatars. The
stereotype of the face had no effect on the TCT, which means
that there were no significant differences between the average
times participants needed to create the six stereotypical faces.

We also examined the differences of the parameter usage be-
tween male and female participants. An overview about the pa-
rameter changes as indicator of their facial attention is shown
in Figure 7. The average number of parameter manipulations
showed a high usage of the face gender parameter, which
can be explained by our tasks. For all parameters, female
performed more mouse clicks than male participants partici-
pants (see vertical lines in Figure 7). Additionally, the hair
color parameter was often manipulated by male and females
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Figure 6. Task completion time (TCT) and number of all mouse clicks
of male and female participants between the different age groups. Error
bars show CI95.

participants. Female participants were further interested in
the brightness of the skin, eye colors, eyebrows, cheeks, and
lips volume. Men were interested in manipulating cheeks,
nose shape, eye depth, eyebrows line, skin details, and the
brightness of the skin.

Classification
For games providing avatar customization, useful mechanisms
or scenarios exist in which determining the players’ age, gen-
der, and the facial stereotype of the avatar can be an important
and helpful feature. However, it is currently unknown if such
classifications can be performed only based on the facial char-
acteristics of an avatar as well as on the metadata of the pa-
rameter usages (duration, clicks, resets, mouse moves) during
the creation process. Classification can also provide further
insights into how similar facial stereotypes are and how they
were created by the participants. Therefore, we conducted a
classification analysis with threefold benefits: It (1) supports
the overall validation of the data set, (2) aims to classify the
membership of faces and participants to their corresponding
groups, and (3) visualizes the similarities of the classified faces
according to gender and age.

We used support vector machine (SVM) classification, which
is a reliable and robust probabilistic non-linear classification
method for high dimensional data using supervised learning.
We used multiple C-SVM with radial kernels. The best hy-
perparameters were determined using grid search and a 5-fold
cross-validation. To avoid biases and overfitting of the SVMs,
the data set was split into balanced training sets with an equal
number of samples. Remaining samples were used for val-
idation. The accuracy of the classifier was defined as the
probability of correctly assigned faces in percent.

Age Classification
For age classification the data was split into balanced training
samples to determine the accuracy of age classification (1,000
for each group). Remaining samples were used for testing (6-
24 y/o: 201, 25-39 y/o: 577, 40-86 y/o: 437). Using the facial
characteristics only, the age groups of the participants could be
classified with an accuracy of 40.3%, (κ = .112, McNemar’s
p< .001). By including additional metadata we could increase
the accuracy up to 44.2%, (κ = .171, McNemar’s p < .001)
for age classification.
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female participants. Error bars show CI95.

Gender Classification
For gender classification the data was split into a balanced
training set including an equal number of male and female
participants (N = 1,300 for each group). Remaining samples
were used to determine the accuracy of gender classification
(male: 1,377, female 238). Using the facial characteristics
only, the gender of the participants could be classified with
an accuracy of 63.0%, (κ = .122, McNemar’s p < .001). By
including the metadata of the avatar creation the accuracy of
gender classification increased to 91.1%, (κ = .692, McNe-
mar’s p < .001).

Face Classification
To determine the accuracy of classification for an avatars’
stereotype, data was split into 90% for training (ranging from
548 to 572 samples per category) and 10% for validation
(ranging from 130 to 154 samples per category). Using the
facial characteristics only, the created faces could be classified
with an accuracy of 62.0%, (κ = .544, McNemar’s p < .001).
By including the metadata of the avatar creation the classifi-
cation accuracy decreases to 54.9%, (κ = .182, McNemar’s
p < .001).

We summarize that the highest classification accuracy could be
achieved for participants’ gender. Using facial characteristics
and additional metadata, the prediction was correct in 91.1%
of cases. Classification accuracy for facial stereotypes showed
the highest accuracy when only facial characteristics were
used.

DISCUSSION
In this work, we investigate the effects of age and gender
on the preferred characteristics of virtual avatar faces. The
browser-based avatar creation system faceMaker provides a
wide range of facial parameters which were used to determine
the preferred characteristics of six stereotypical faces. First,
we found that with increased age participants increased the
realism of their avatar. Second, we found that male and female
participants between 6-25 y/o designed more androgynous
faces with less feminine or masculine features than the 25-
39 y/o age group. Male participants in the 40-86 y/o age
group further increased masculinity and femininity of their
avatars, while 40-86 y/o females designed more masculine
faces. Third, we can confirm previous studies [21, 51] showing
that female participants put more effort into the creation of
their avatars. Finally, we used classification to investigate if
the age or gender of a participant could be predicted using
the facial characteristics and the parameter usage during the
creation process. We show that using SVM classification,
participants’ gender can be predicted with an accuracy of 91%,
age with 44.2%, and avatar stereotypes with 62.0%.

Face realism increased with the age of the participants. As-
suming the participants do not perceive realism differently, the
results could potentially be explained by the process of percep-
tual narrowing. People are generally exposed to faces within
their own age groups including themselves. Thus, reduced
skin details and increased stylization were used by young par-
ticipants, as children and adolescents have bigger eyes and
smoother skin related to their head size. Older participants
used the skin detail parameters to add more skin structures
building their avatars more mature and similar to the faces to
which they are typically exposed to. They used less styliza-
tion as they are potentially less in contact with puppets, toys,
cartoons, or comics. As perceptual narrowing does not stop
in early years [37], it is conceivable that more face details
and less stylization are caused by the notion of human faces
attuned to age. This could also explain findings by Carrasco
et al. [9] showing that older adults rather identify more with
aged avatars. As sensitivity in face discrimination due to per-
ceptual narrowing [12, 37] could also explain the effect of the
uncanny valley [39, 34] or why it is more difficult to create
realistic looking virtual characters than objects or scenes [10],
we assume that perceptual narrowing potentially plays a fun-
damental role in the perception and identification of faces of
virtual avatars.

Investigations of the virtual avatars’ gender revealed that
younger participants created more androgynous faces of the
opposite gender. Older participants enhanced cues of the op-
posite gender and increased the physical attractiveness of their
faces. This could be explained by sexual development and in-
creased expectations in femininity or masculinity of potential
mates [48, 8, 14] and also support findings by Rice et al [45].
However, we found that female avatars created by 40-86 y/o
female participants are less feminine and resemble the average
face more. This “U-turn” in terms of femininity was not the
case with avatars created by men who generally increased
gender cues of their avatars. One possible explanation is that
femininity becomes less relevant in their biological context [7,



32] and is, thus, not further exaggerated. It is also conceiv-
able that this is caused by the process of perceptual narrowing
and the exposure of females to their own age group while
perceiving a decrease in exaggerated femininity. The results
could also be connected to findings from psychology showing
that women are not necessarily attracted to people who create
physiological arousal in them [20]. It is conceivable that our
subjects did not create avatars they would actually be attracted
to and this should be the subject of future work.

Furthermore, we analysed how the male and female partici-
pants design faces when they had the free design choice with-
out further social or competitive influences of game environ-
ments (e.g., through gender swapping “to gain benefits from
the other gender” [52]). We found that female participants
prefer to design avatars of their own gender than male par-
ticipants, which support findings by Nowak and Rauh [41].
The reason for this is not entirely clear. As women possess an
advantage over men in emotional functioning to promote at-
tachment [44], we assume that in order to promote attachment
and identification with their own avatar, they tend to design
the face according to their own gender representing a more
idealized version of themselves (cf. Nowak and Rauh [41] und
Veltri et al. [56]).

Characteristics of avatars not only depend on age and gender,
but also on the desired stereotype of the avatar. We found an
offset of appealing characteristics between heroes and villains
but a similar development with increased age of the partici-
pants. Most feminine faces of villains, heroes, and arbitrary
faces were designed by the 25-39 y/o age group, who gave
their avatars strong feminine traits maximizing their perceived
likeability and physical attractiveness. With increased age,
male participants designed more prominent facial features
with clear gender cues for their stereotypes, except for the re-
pulsive faces, which were designed less exaggerated and more
reasonable when the participants were older. We conclude that
stereotypical avatars are designed to match individual concepts
and that these concepts evolve with the participants’ age.

Analyses of the parameter usage showed that female partici-
pants put more time and effort in face customization of their
avatars than male ones. This is confirmed by previous work,
showing that they they are more concerned about their vir-
tual appearance [56, 19]. Considering such metadata also
enables us to predict the participants’ gender with an accu-
racy of 91.1% by using the SVM classification method. Age
(44.2%) and stereotype (54.9%) of a face could be predicted
correctly with less probability. However, using classification
to determine additional demographics of the users enables new
use cases in RPGs, for example, and a wide range of further
applications supporting avatar customization. Based on the
demographics of the players or the appearance of their avatars,
games can adapt their stories and content in order to provide
an individual experience.

DESIGN IMPLICATIONS
Implications for designers and developers who aim to consider
the demographics of their users is two-fold: (1) We strongly
recommend considering the target groups to increase users’
affinity for their virtual avatar. Men and women have different

preferences for their avatars and change over time. Younger
participants prefer less realistic and more stylized characters,
while older target groups prefer faces with more details and
less stylization. Younger participants desired more androg-
ynous avatars with less masculine or feminine features than
older age groups. While adult males increase the masculin-
ity and femininity of their avatars, older female participants
designed their avatars more masculine. This could have far
reaching consequences for the design of the players’ character
and the design of games. (2) We recommend avatar customiza-
tion with a wide variety of parameters and additional metadata
when the participants’ gender, age, or stereotypical face should
be determined. In particular, gender can be accurately deter-
mined using SVM classification. Additional stereotypical
features (tattoos, piercings, hairstyles, etc.) could potentially
further increase the classification accuracy. Such classification
could be used to design adapted story plots in RPGs or in life
simulations such as The Sims series [36].

FUTURE WORK
We contribute with the full data set of our study5, which en-
ables researchers to further explore the characteristics of differ-
ent avatars. We recommend exploring additional classification
algorithms such as neural networks and clustering to predict
the appearance of the avatar and demographics of the user. In
line with Schwind et al. [51], we recommend comparing the
appearance of the avatar with the users themselves. The face-
Maker is an interactive system, however, no further interaction
with the characters is foreseen, which could be investigated by
future studies. Furthermore, the rendered face in faceMaker
can be blended between the male and female average face,
however, not between different ages. As participants used the
skin detail parameter to equip their avatars with more skin
structures, we assume that older participants potentially in-
crease the age of their avatars systematically. This could be
confirmed by a further study.

Further research could also investigate why it is more likely
that women and men design female avatar faces. Future in-
vestigations could also investigate a potential relation of our
results to the phenomenon of gender swapping and how people
do associate physical attractiveness with gaining benefits in
games. We also recommend a comparison of our data set with
users of other cultures and different ethnical backgrounds, as
the present study only examined Caucasian faces and the pop-
ulation in Central Europe. Cultural or ethnic differences of the
preferred characteristics could further increase our knowledge
of virtual avatars and our understanding of players.
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