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\We cannot be sure of having something to live for unless we are willing to
die for it."

Ernesto \Che" Guevara

\I feel guilty when people say I'm the greatest on the scene. What's good or
bad doesn't matter to me; what does matter is feeling and not feeling. If

only people would take more of a true view and think in terms offeelings.
Your name doesn't mean a damn, it's your talents and feelingsthat matter.
You've got to know much more than just the technicalities of notes; you've

got to know what goes between the notes."

Jimi Hendrix

\Once you have 
own, your eyes will ever gaze skyward. For once you
have been there . . . There you will go again!"

Leonardo Da Vinci
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Chapter 1

Introduction

In everyday life people are involved in a wide range ofsocial situations
where they may exhibit one or morenatural social behaviorsand engage in
multimodal communication. Gaze plays one of the most important role in
the interaction between people as well as a reaction cue to the surrounding
environment.

Gaze patterns are one of the most expressive aspects of humanoutward
behavior, giving clues to personality, emotion and inner thoughts [1]. Mul-
timodal communication and, generally, natural social behaviors are one of
the main branches that Sociology deals with.

\Virtualization" of some aspects from everyday life through realistic-
looking virtual environments is one of the most fervent activity that Com-
puter Sciencedeals with. In particular, in this kind of scenario, avatars are
used as the graphical counter-party that represents the human inside the
virtual world.

One possible application domain of this kind of scenario areMMORPGs
1 where:

� Avatars are under the player's direct control and they can virtually
meet face-to-face other avatars or agents;

� Agents (or NPC2) equipped of AI and managed by the system are used
to populate the scene;

� Both, avatars and agents, can interact with the surrounding environ-
ment like in real life.

In many recent and upcoming MMORPGs real-time computer animated
characters are becoming increasingly important [2]. When games wish to use
avatars to represent players in these kind of environments all the animated

1Massively Multiplayer On-line Role Playing Games.
2Non Player Character.

1



CHAPTER 1. INTRODUCTION 2

behaviors that normally support and exhibit social interaction become im-
portant. Since player cannot be tasked with micro-management of behavior,
the avatars themselves have to exhibit a certain level of social intelligence.
The purpose of this avatar AI is infact twofold: to give players helpful cues
about the social situation and to ensure that the whole sceneappears be-
lievable and consistent with the level of game world realism[3].

In this thesis we combined together Sociology and Computer Science
�elds in order to bring some aspects of the human gaze behavior from real
life into the virtual environments above-mentioned.

The goal of this thesis is to produce a naturally looking idle-gaze be-
havior, using data from targeted video studies. We picked a particular
environment and a particular social situation for our case study:

People idling \alone" walking.

We use the term \alone" to indicate that the people are not engaged in direct
communication with anyone else, but they are still part of the dynamic social
environment of a public place. For this case study we've chosen the following
environment: Sidewalks along a street downtown in a city.

We decided to start with this public place because in this kind of en-
vironment the social situation mentioned above is very typical and easy
to analyze. In addition the game environment we are looking at contains
several public places that require avatars to exhibit this behavior.

1.1 Thesis Overview

This introduction has served to understand the application domain of the
thesis and its main goal, the remainder of the thesis is divided into �ve
chapters that, in order, present: the related works, a theoretical model for
gaze, a set observations from video studies, how the idle-gaze behavior is
autonomously generated and �nal conclusions.

Chapter 2 is a review ofrelevant work in the same application domain
related to our work, so it's an helpful and solid starting point but also useful
as a comparing criteria with the existing research in order to understand
which are our contributions and/or drawbacks.

Chapter 3 describes atheoretical model for gaze behaviorbased on ex-
isting research literature and used as starting point for our speci�c case
study.

Chapter 4 shows a set ofvideo studiesad-hoc designed and realized for
our case study in order to retrieve useful gaze patterns and data observing
directly people in real life.

Chapter 5 starts with a description of CADIAPopulus 3, the framework

3Later, in this chapter, we will explain in detail the feature s o�ered by this framework
and its purpose.
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used to reproduce the observed data retrieved from the studies described in
Chapter 4 and then goes on to discuss how the gaze behavior (inour case
study) is autonomously generated within avatars in the environment o�ered
by CADIAPopulus.

Finally, Chapter 5 gives a brief thesis summary, shows the �nal results
and suggests some future directions for our work.



Chapter 2

Related Works

2.1 Commercial Systems and Motivations

In MMORPGs like Eve on-line1 and Star Trek Online2, real-time computer

(a) Spaceships in the universe of EVE. (b) Avatar inside one of the upcoming
walking station.

Figure 2.1: Screenshots from CCP's EVE Online.

animated characters are becoming increasingly important.They should fos-
ter a sense of co-presence: the sense of actually being with another person
rather than a graphical object on a computer screen [2]. Froma \static"
point of view, i.e. looking game screenshots, these kind of games are very
advanced in their graphics and in their environments, but from the gaming
point of view the characters behaviors are completely lifeless, in particular
the gaze behavior is lacking in realism and naturalness.

The importance of gaze realism and naturalness is emphasized in [4]
where they investigated the e�ects of varying eye gaze behavior of an em-
bodied conversational agent on the quality of human-agent dialogues. They
compared three versions of an agent: one with \life-like" gaze, one with
�xed gaze and one with random gaze. They found signi�cant di� erences

1www.eveonline.com
2www.startrekonline.com

4



CHAPTER 2. RELATED WORKS 5

between the \life-like" version and the other two versions. So, the ef-
fort to implement human-like behavior may be well worth the investment.

Figure 2.2: Screenshot from Cryptic
Studios' Star Trek Online.

Lance and Marcella claim that
real-time virtual humans are less be-
lievable than hand-animated char-
acters, particularly in the way they
perform gaze. They are making a
big e�ort in studies on gaze behav-
ior and attribution of emotion [5]
and expressiveness of gaze in or-
der to have virtual humans able
to mimic the gaze capabilities of
humans in face to face interaction
[6].

2.2 Existing Systems from Previous Research

Vilhj�almsson and Cassell in [7] took a big step forward on automating
communicative behaviors in avatars controlled by user with their system
BodyChat. BodyChat allowed users to communicate via text while their
avatars automatically animate attention, salutations, tu rn taking, back-
channel feedback and facial expressions. All the behaviorsgenerated by their
system and displayed by the avatars are carefully based on the previous liter-
ature on the �eld of communicative behaviors.

Figure 2.3: Screenshot from
BodyChat.

Our work is also based on previous liter-
ature research but, additionally, takes in-
formation about the domain we decided to
analyze through real world empirical video
studies. In addition our contribution, with
this thesis, aims at the social situations
where avatars are idling in particular envi-
ronments like streets or bus stops unlike the
face-to-face communication environment of
BodyChat.

Gillies et al. in [8] also highlighted the
importance of secondary behavior, that is generated autonomously for an
avatar. The user will control various aspects of the avatarsbehavior but a
truly expressive avatar must produce more complex behaviorthan a user
could specify in real time. Secondary behavior provides some of this expres-
sive behavior autonomously. They divided avatar behaviorsin two types:

1. Primary behavior, that is explicitly speci�ed by the user input and
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should correspond to large scale goal directed actions, such as moving
around or manipulating objects;

2. Secondary behavior, that is automatically generated by the system
and should be of a smaller scale, should also tend to correspond to
more sub-conscious behavior such as multimodal communication (or
at least behavior that is not the main focus of the user's action).

Their work is mainly focused on task-related gaze behaviorsand they provide
an architecture which achieves the autonomous gaze generation by tagging
the primary behavior with messages to be sent to the secondary behavior
and by allowing the user to design various aspects of the secondary behavior
before starting to use the avatar in a setup phase. Our work aims to obtain a
completely autonomous generation of the gaze behavior without any setup
phase and in a completely di�erent way, based on empirical data coming
from observations of real people. Also the scenario is di�erent, because is a
speci�c social situation (walking down a street) and without any task-related
behavior (just idling).

The Gillies and Dodgson work in [2] shows some techniques applicable to
any type of inhabited virtual world, wheather it is a commercial computer
game, a social environment, a tool for remote meeting or an educational
world. The main goal of their system is to obtain expressiveness of characters
by adding autonomous behavior (eye gaze behavior) during the user-de�ned
task executions. While they focused the attention on these tasks in non-
social situations using informal observations, we concentrated on speci�c
social situations and we based our gaze behavior generationon observations
from video studies in order to get results as close to real life as possible.

In Chopra-Khullar and Badler's work in [9] they also focusedon genera-
tion of gaze behaviors during the execution of given tasks. Our work relates
to one of the three cases presented in that work, namely the \Spontaneous
Looking" situation. We have studied this in a particular wel l de�ned social
situation and came up with a more detailed model.

A di�erent approach can be found from Gillies and Dodgson in [1], where
they based their system on Chopra-Khullar and Badler's one [9], but they
modi�ed the internal architecture and made informal observations of human
behaviors as basis for their attention model. There are somegood points
that di�er from our work:

� They handle the scene occlusion in the objects/people awareness mech-
anism;

� They use a minimum distance parameter in order to break gazeswhen
the distance between the avatar and target reaches this threshold;

� Character designer, in their system, can control head and shoulders
rotation speed.
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In relation with our approach, in this system there are two limitations: �rst,
observations are informal and based only on previous literature research;
second, they realized a well structured attention manager but a limited
decision process of gaze targets and respective durations,also their current
system is not capable to produce complex gaze interactions between people.

A recent work has been made by Pennock et al. in [10] where they
explore what would constitute realistic gaze for large groups of agents in a
wide environment like the New York central station.

Figure 2.4: The main waiting
room of the central station in
NY.

This work is strictly related to [11] in
which they modeled hundreds of travelers
as they made their way through Penn Sta-
tion in New York and they complete various
tasks, i.e. boarding their trains, as shown in
�gure 2.4. Starting from [11] they decided
to improve the realism of the simulation fo-
cusing the attention on the agent's gaze.

They explored which are the possible
patterns of gaze for autonomous pedestri-
ans, what in
uences the creation of these
patterns, how such gaze could be accom-
plished with minimum computational re-
sources and how could this gaze be con-
trolled by a programmer. In the end they
improved their system in [11] adding natu-
ralness to the agents through the gaze be-
havior and they solved the critical problem of the resourcesconsumption
dealing with hundreds of agents. Some di�erences with our work and limi-
tations are present in their system:

� They aim to animate a natural-looking gaze for hundreds of interact-
ing virtual agents and so their purpose is to reduce at minimum the
computational resources needed by this big amount of agentsin the
scene (see also [12]). Management and animation of a wide number of
agents is out from the scope of this thesis;

� During locomotion their agents don't exhibit a wide variety of gaze
behaviors but they only gaze at other agents.

� They used informal observation of pedestrians walking in crowds in
the New York City's Grand Central Terminal whereas our observations
are based on people walking down a street downtown in a city, so our
scenario is a little bit di�erent then their one;

� Our gaze generation is based on the statistical data retrieved from the
empirical observations whereas they don't have a valid criteria in order
to select a target and, then, decide the respective gaze duration.
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Finally, also in a recent work of Lee et al. [13] is remarked that gaze plays
a large number of cognitive, communicative and a�ective roles in face-to-face
human interaction. They constructed a gaze model that generates realistic
gaze behaviors driven by the cognitive operations. Their model processes
the virtual human's reasoning, dialog management, and goals to generate
behaviors that re
ect the agent's inner thoughts.

Our research, instead, aims to study the human gaze behaviorin a spe-
ci�c social situation when people are idle. The di�erentiat ion of the gaze
behavior related to the social situation is one of the core ideas of the theo-
retical model that we will present in next chapter.



Chapter 3

A Theoretical Model for
Gaze

The main purpose of the theoretical model is to have a well structured
organization and view of all the pre-existent literature about gaze behavior.
The previous research is used as solid basis for the model design and, then,
through the model we collected and chose our case study.

3.1 Model Description

It is now well established social situations have a great impact on all aspects
of behavior [14]. A situation could be described as the sum ofthe features
of a social occasion that impinge on an individual person. However this
description does not allow for the fact that a person contributes to the
situation himself, so a better description might be the sum of the features
of the behavior system, for the duration of a social encounter [14].

\By the term social situation I shall refer to the full spacial environment
anywhere within which an entering person becomes a member ofthe

gathering that is (or does then become) present."[15, p. 144]
Erving Go�man.

The key idea behind our model is the following: people behavein di�erent
way according to the social situation in which they are. In particular they
express di�erent kinds of gaze behavior in di�erent social situations. Then,
�xing one of them, people still have di�erent gaze behaviors because there
are some factors that directly impact and modify their behavior. These
factors can be related to personal states of people (mood, personality, . . . ),
other people around them, the surrounding environment, etc. . .

The combination of all these factors, in a de�ned social situation, in
u-
ences and causes the appropriate gaze behavior that involves movements of
di�erent body parts, i.e. eyes, head and torso.

9
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The importance of the gaze related to the social situations where people
are involved is emphasized in many studies. Gaze have a number of di�erent
functions in social interaction [16]. Argyle and Cook [17] argued that when
there is conversation the gaze pattern of speakers and listeners are closely
linked to the words spoken and are also important in handlingthe timing and
synchronising of utterances. In sequences of social behavior like greetings
and farewells, widely studied by Kendon in [18], where speech plays a minor
part, there is still a regular sequence of gaze [17]. Fehr andExline, in
[19], analyzed the gaze behavior in cooperative and competitive interactions
claiming that the achievement of both would involve individual abilities to
coordinate own actions with others and to this extent likely make use of
visual monitoring to accomplish the coordination.

We mentioned above that also in the same social situation people may
vary their gaze behavior in many di�erent ways that are in
ue nced or caused
by an high number of factors. One of these factors ispersonality :

\The Personality can be de�ned as a dynamic and organized setof
characteristics possessed by a person that uniquely in
uences his or her

cognitions, motivations, and behaviors in various situations."
Richard Ryckman.

Argyle et al. in [14] a�rm that personality-situation inter action concerns
with situations and, for example, behavior is at least as much determined
by the interaction between situation and personality as by general traits of
personality.

Another factor is the gender as Ellworths and Ludwig argued that in
research on visual behavior, sex di�erences are the rule rather than the
exception according to [19].

Emotion also plays an important role in this context:

\Complex reactions that engage both our minds and our bodies. These
reactions include: a subjective mental state, such as the feeling of anger,

anxiety, or love; an impulse to act, such as 
eeing or attacking, whether or
not it is expressed overtly; and profound changes in the body, such as

increased heart rate or blood pressure."
R. Lazarus and B. Lazarus.

Several researchers report less partner-directed gaze correlated with the dis-
play of sorrow, despire or sadness. Gaze has also been found to be related
to anxiety and other emotional states [19].

Mood also plays an important role:

\A mood is a relatively long lasting, a�ective or emotional state. Moods
di�er from simple emotions in that they are less speci�c, are less intense,

or less likely to be triggered by a particular stimulus or event, and lasting."
Thayer, Robert E.
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Figure 3.1: Six basic examples showing how gaze is in
uencedby emotions
expressed in faces.

Another relevant factor is the social role . The role is a set of con-
nected conducts, rights and obligations as conceptualizedby actors in a
social situation. It is an expected conduct governed by social norms in a
given individual social status and social position. It is vital to both func-
tional and interaction understandings of society. The teacher/pupil relation
is a common example where social roles are well de�ned. Fehr and Exline
underline the impact and the importance of the dominant and a�liative
aspects of social gaze in relation to the social role held by people [19].

Figure 3.2: A 6-year-old pupil averts her gaze when asked a di�cult question
by her teacher.

As explained in [13], a relevant and a rather pervasive factor is the
persons's owncognitive activity . People never stop to think. They think
during conversations with others and when alone. In fact, atany moment,
the brain is always involved in some kind of background activity. This is
perhaps one of the most important base-line contributors togaze behavior.
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3.1.1 The Dynamics of the Personal States and Factors

All the mentioned factors that can determine and in
uence the gaze behavior
may change at di�erent rates following a speci�c dynamic that could vary
over time. Mood, i.e., with high probability may not vary for minutes or
some days but is practically never the same for months, years, or the whole
life. Thus, some factors can be treated as constants throughout certain
situations and some other can vary in their duration with an high rate. In
this thesis we didn't explore this mapping between these factors and their
respective duration over life, we introduced this concept just in order to have
a clearer idea about our case study and better choose, withinit, the impact
factors to take into account.

3.2 The Model Reading Key

This overview of social situations and factors that impact gaze behavior
starts to draw a clearer picture of the underlying model and from this un-
derstanding we de�ne our particular case study. With this vi sion in mind,
now, we can freely show the model reading key:

\A combination of a Social Situation and a number ofFactors
in
uence people's Gaze Behavior , consisting of eye, head and torso

movements. The amount of time in which these factors are present, in the
given social situation, may vary from one factor to another."

Due to the high number of combinations between social situations and im-
pact factors we focused on a particular con�guration very common:

Idle Gaze Walking
Social Situation: idling \alone" (walking down a street);
Principal Factor: cognitive activity.

The combination of the factors in the de�ned social situation produces body
movements that involve eyes, head and torso [6].

3.3 Conclusions

We decided to use this theoretical model as a starting point for our work,
as we will see in the next chapter, we didn't go straight from the model to
implementation. We video-recorded people involved in the chosen con�gu-
ration and obtained observational data used as empirical input along with
the general model.



Chapter 4

Observations from Video
Studies

Our study goals were to obtain some numerical data about human gaze
behavior and to discover general gaze patterns through the following steps:

1. We video recorded people in public places that matched ourchosen
study situation;

2. We analyzed all the obtained video frame-by-frame with a video an-
notation software (described in section4.2.1);

3. We analyzed the obtained annotations, summarized numerical data
and some common patterns observed.

4.1 Study Description

In this section we will describe the general settings for thestudy (more
details in Appendix A); we will refer to the study subjects using the abbre-
viation Ss.

As public place for our study we chose Laugavegur (see �gure4.1(a))
which is the main shopping street downtown Reykjavik. Ss were �lmed
along a walking-path of 30 meters with the camera placed 30 meters away
from the end of the walking-path as depicted in �gure 4.1(b).

4.1.1 Technical Notes

In each case of our studies, we �rst chose a S and, then, we recorded him/her
for the whole study duration with two cameras, one focused onthe S's eyes
and another focused on the S's surroundings using a larger �eld of view, so
we used:

13
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(a) The setup of the study. (b) The zoomed out camera view.

Figure 4.1: In our study, the camera recorded a subject walking towards
the camera on the sidewalk in a shopping street downtown Reykjavik.

1. A Sony DSR-PD170P DV-VCR video camera (placed on a tripod)
focused on the S's eyes;

2. A Canon IXUS 900ti photo camera (capable to record video) for the
S's surroundings.

The AVI-DV �les obtained from the camera were converted and compressed
to a 360x288 frame size, without audio and using the Cinepak codec.1

4.1.2 Some Factors to take into Account

In our study settings there are some contextual factors that in
uence the
results:

� Video is recorded in Reykjavik, Iceland:

{ We can only claim that the data represents the culture in this
particular location since norms may di�er between cultures;

{ The season is winter (November) so there isn't too much light2

and the temperature is low, around zero Centigrades, so peoples'
posture is also a�ected by this factor;

� The Ss are for the most part unaware of the studies. Camera is record-
ing them in a public setting to obtain the most natural data po ssible.

4.2 Video Analysis and Annotation

4.2.1 ANVIL : The Video Annotation Research Tool

Anvil 3 is a free video annotation tool. It o�ers frame-accurate, hierarchical
multi-layered annotation driven by user-de�ned annotatio n schemes. The

1These technical speci�cations were required by the used annotation software.
2Also impacts the video quality.
3www.anvil-software.de.
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intuitive annotation board shows color-coded elements on multiple tracks in
time-alignment. Special features are cross-level links, non-temporal objects
and a project tool for managing multiple annotations. Originally developed
for Gesture Research, Anvil has also proved suitable for research in Human-
Computer Interaction, Linguistics, Ethology, Anthropolo gy, Psychotherapy,
Embodied Agents, Computer Animation and many other �elds [20]. In Fig.
4.2 and 4.3 we can see the Anvil GUI4. Figure 4.2 shows, respectively, the
main window 4.2(a) and the two windows displaying the recorded video
focused on the S's eyes4.2(b) and on the S's surroundings4.2(c). Figure
4.3 shows the annotation window, one of the most important sinceall the
coding takes places here. For further details on Anvil see [20].

(a) The Anvil main win-
dow.

(b) Window showing the
video from the zoomed in
camera view focused on
the S's eyes.

(c) Window showing the
video from the other cam-
era focused on the S's sur-
roundings.

Figure 4.2: Some windows of the Anvil GUI. The software used to analyze
and annotate frame-by-frame all recorded video.

Figure 4.3: Another screenshot from Anvil GUI showing the annotation
window.

4Graphical User Interface.
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4.2.2 The Annotation Scheme

As mentioned in the previous section, Anvil allows user-de�ned annota-
tion schemes. In this section we will explain, with an high level of ab-
straction, what we annotated (the schema adopted for our experiment),
how we did it (the meaning of the tags used in the annotations) and
why (the motivations of our choices), for further details see Appendix B.

Figure 4.4: Information annotated for
our study.

Since a natural gaze behavior pro-
duces body movements involving
many body parts, starting from
the eyes and going to head and
torso (see section 3.2) we subdi-
vided the annotations in three main
groups: one for eyes, one for head
and one for torso, as also de-
picted in the Fig. 4.4. The eyes
group is, further, subdivided in 4
tracks5:

Eyes Direction This track allows to annotate S's eyes direction in any
instant along his/her walking-path;

Motion This records moments where S's eyes are moving and velocity of
these movements;

Eye Lid State This records moments where S's eyelids are closed;

Target This records moments where S is attentive on a speci�c target. The
purpose of this track is twofold: �rst is used to annotate moments
where the S is attentive on a target, secondly is used to keep track of
the speci�c type that target.

Head group is composed by:

Head Orientation This track allows to annotate S's head orientation in
any instant along the study;

Motion This records moments where head is moving and velocity of this
movement;

Finally, torso group follows the same head group annotationscheme, the
only di�erence is in the set of values used inside (as we will see later in this
section).

5 In the Anvil terminology a track is a container for one type of information and repre-
sents a type of entity you want to encode (i.e. gestures, eye blinks, etc . . . )
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In order to describe the direction faced by the subjects torso we used
three di�erent values: facing left, facing forward and facing right6. To es-
tablish one of these values we took into account the direction of the torso,
during the studies, relative to the camera from the S point of view (Fig.
4.5(a) shows these values from camera point of view). For the head orien-
tation we used nine di�erent values: up left, up center, up right, center left,
center center, center right, down left, down center and downright. In each
pair the �rst value represent the direction on the vertical a xis and the sec-
ond one the direction on the horizontal axis. In order to choose the correct
value we made the head orientation relative to the torso facing. For the
eyes directions we used the same set of values, but this time the direction is
relative to the head orientation (Fig. 4.5(b) shows these nine values).

(a) The three directions describing the subjects torso in
relation to the camera.

(b) The nine directions
used as values for the head
orientation and eyes di-
rections.

Figure 4.5: Values used for torso track (a), eyes and head tracks (b).

As above-mentioned, only for the eyes, head and torso we annotated
time intervals in which movements happen and speed of these movements
using \motion" tracks. To describe the speed we used three approximate
values based on empirical observation: slow, neutral and fast.

\Eyelids" track uses boolean elements representing moments when the
subject closes his/her eyelids.

In conclusion, we annotated 16 subjects for a total duration of 5,40
minutes, during which 216 gaze shifts were observed (excluding a few at the
camera).

4.3 Study Results

At the beginning, the focus of the video annotations was to understand
where Ss look (which direction) and what Ss look at (target of attention)
and how long (gaze duration). After analysing the videos we also discovered
some more general patterns of gaze behavior, some corresponding to the

6We have also a \facing back" value, but in realty we have never used it.
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literature, which we incorporated into our implementation as well. These
patterns include:

1. Ss frequently look to the ground while walking down the street;

2. Related to that, Ss �rst choice is to look down to the ground when
exercising gaze-aversion;

3. Ss usually close their eyelids just before moving their head (or changing
gaze direction);

4. Ss almost never look up, up-left or up-right.

In addition, using more detailed analysis7 we extracted numerical data de-
scribing: How often a target of a given type gets looked at compared to
other target types. Information about timing including the average, min-
imum and maximum gaze length. This is shown in Table4.1. Figure 4.6

Target Type
Amounts Durations

% Time on Target Average Min. Max.

Same Gender 3% 7.75 0.64 0.24 1.24
Opposite Gender 5% 12.92 0.72 0.29 1.15

Shops 13% 33.58 0.74 0.14 1.34
Cars 9% 23.25 0.93 0.1 1.8

Ground 25% 64.58 1.5 0.5 2.5
Camera 7% 18.08 - - -

Other Side 16% 41.33 - - -
Unknown 22% 56.83 - - -

Total 100% 258.32

Table 4.1: Observations about where people look when walking down a
shopping street from our video studies. Time on target is thetotal time
across all studies. The �rst two target types refer to other people on the
sidewalk, of which there were equal number of males and females. Cars refer
to those coming up the street and passing the subjects. All durations are in
seconds.

shows, again, the percentage of time spent by subjects looking each di�erent
kind of target along all studies.

We di�erentiated looked people by gender, naming these two kind of
targets: \Opposite Gender" and \Same Gender". Additionall y, we treated
each shop on the subject's left8 (see also AppendixA for information about

7Anvil annotation �les are XML-based, so we built an ad-hoc XM L parser in order to
parse annotations and automatically retrieve more data.

8There were three shops.
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the environment), as separate target only during annotations. In fact, as
we can see in table4.1, we combined together data regarding shops forming
one generic kind of target: \Shops".

\Cars" refer to those coming up the street and passing the subjects,
while \Ground" refers to the sidewalk or the street.

\Other Street Side" refers to every kind of target present onto the other
side of the street, relative to the subject position in the walking-path, and
then impossible to recognize through the video analysis dueto our settings
(see Fig. 4.1(a) and also Appendix A).

Finally, \Unknown Target" refers to instants where wasn't p ossible to
understand the current subject's target of attention (i.e. when someone was
between camera and subject occluding our view).

Figure 4.6: Study results. The percentage of time spent by subjects looking
each di�erent kind of target along all studies.

In addition, we considered another important aspect: in thepublic places
where our recordings have been made there were some kind of entities always
present and some others not. In light of this distinction we identi�ed two
main categories over the target types: \�xed" and \able to mo ve" targets.

The second category, in our recordings, is mainly formed by cars and
people. In fact, these two kind of targets weren't in the samequantities
and positions across all cases. These dynamics certainly in
uenced subjects
choices (gaze targets), from one case to another and, then, we took into
account this aspect in the �nal results ; i.e. in some cases there were no
people on the scene while a lot of cars were passing on the subject's right;
in some other case there were people along the walking-path but no cars on
the street and so on. . .

Resulting data re
ecting these choices over the cases are shown in table
4.2.

Table 4.2, �rstly, shows how many di�erent people subjects chose to look
at over the total number of people present in front of them. The total number
(the row labeled \out of") is also expressed in terms of gender, showing the
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Movable Target
Case Number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

# People looked at 1 2 2 1 1 1 0 0 3 1 2 2 2 0 0 1
out of 1 4 4 2 1 3 0 1 3 5 3 5 3 1 1 4

% 100% 50% 50% 50% 100% 33.3% 0% 0% 100% 20% 66.7% 40% 66.7% 0% 0%25%
Same Gender 0 2 4 1 1 1 0 1 1 3 1 2 2 1 1 0

Opposite Gender 1 2 0 1 0 2 0 0 2 2 2 3 1 0 0 4

# Cars looked at 2 1 1 0 2 0 0 1 1 1 2 0 3 0 1 3
out of 5 6 6 4 4 3 2 4 5 6 3 5 6 5 3 4

% 40% 16.7% 16.7% 0% 50% 0% 0% 25% 20% 16.7% 66.7% 0% 50% 0% 33.3%75%

Table 4.2: Detailed analysis of moving targets present in our scene. This
table shows the subject choices regarding people and cars ineach of our
studies.

amount of persons having the same subject gender and the opposite, in each
di�erent case. Secondly, the same kind of data regarding cars is shown.

Figure 4.7 shows, in each case, the percentage of cars and people looked
by subject over the total number present in those moments.

Figure 4.7: Study results. The percentage of people and carslooked at by
subject across the di�erent cases.
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4.4 Conclusions

Some of the gaze patterns extracted from video analysis corresponded to
existing already known results coming up from literature. For example, we
observed several cases where Ss decided to look down to the ground when
exercising gaze-aversion.

The research is at an early stage of a more in-depth statistical analysis
of the massive amount of data we have gathered, but the patterns we have
already discovered along with the �rst set of numerical data has been the
basis for new autonomous idle gaze behavior generation algorithm for the
social situation studied.



Chapter 5

Autonomous Generation of
Idle Gaze Behavior

We implemented the idle gaze generation within a new tool forconstruct-
ing social behaviors for avatars and agents in game environments: CADIA
Populus [3]. The process was simply a matter of plugging in the new behav-
ior along with conditions to activate it during the particul ar situation that
we were modeling. The new behavior �t nicely into the steering behavior
framework of CADIA Populus, adding a new set of motivations for turning
the head and eyes when appropriate.

5.1 CADIA Populus

CADIA Populus is a tool that combines full on-line multi-pla yer capability
with clear visual annotation of the social environment. Game developers
can drive avatars around and start conversations between them using the
built-in text chat. Constructing an environment and manipu lating the social
situation is made very easy for the developer. Screenshots from our CADIA
Populus environments are shown in Figure5.1. The core of CADIA Populus
is an extensible and powerful framework for avatar automation, which al-
lows steering behaviors to be activated and deactivated based on a dynamic
social context [3]. We implemented an high level steering behavior using the
CADIA Populus framework that correspond to our social context: Idle gaze
while walking alone.

22
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(a) Avatars engaged in a group conver-
sation.

(b) An open setting with several on go-
ing conversations.

Figure 5.1: Screenshots from CADIA Populus.

5.2 Autonomous Generation Process

Our steering behavior follow the working principle schematically showed in
Fig. 5.2. The goal of the entire autonomous gaze generation process is to

Figure 5.2: Diagram showing the autonomous gaze behavior generation pro-
cess.

obtain, continuously, a target and a gaze duration for that target. The tar-
get can be an entity of the environment (other avatars or objects), a point in
the space or a direction relative to the avatar itself. In order to achieve this
goal, the process starts analyzing the entities around the avatar, using the
perception system provided by CADIA Populus, and creates a list of poten-
tial targets for the decision step. At this stage several factors are combined
to obtain the �nal target and its duration: First the social s ituation depen-
dent steering behavior, that incorporates the observationdata, is applied
and then additional features from the avatar's pro�le and pr eferences are
incorporated (see section5.3). Before going on with a description of each
single step, we explain some general aspects about our steering behavior:

1. Activation is based on the avatars locomotion state, in fact is activated
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only when they are walking;

2. The update frequency1 is 10Hz, that is every 0.1 seconds.

5.2.1 Perceptions

The underlying perception system already provided in CADIA Populus al-
lows access to two kinds of information: the social high-level environment
and the low-level avatar visual perception. Information related to the social
environment is retrieved through a social perception interface; examples of
social perception include how many individuals are within acertain prox-
imity range (using the proxemics notation intimate, personal, social and
public zones). Notice that the perception of social and public space has a
blind cone behind the avatar, of respectively 90 and 150 degrees [3] (see also
Fig. 5.3(b)). The avatar visual perception is divided into central view and
peripheral view as depicted in Fig. 5.3(b). So, our basic attention model

(a) The area suddivision in our
basic attention model for the po-
tential target selection.

(b) The social and visual percep-
tion systems provided by CADIA
Populus.

Figure 5.3: Our basic attention model is based on an area suddivision (a)
coming up from the social and visual perception systems provided by CADIA
Populus (b).

is realized using the intersection between the social and visual perception
information and, then, obtaining three areas as we can see inFig. 5.3(a). In
order to have the list of the potential targets the system adds into this list
all the �rst available entities in the highest priority area . This scan starts
from the Area 1 and ends as soon the mentioned entities are found. At this
point, only the entities moving toward the avatar present in the remaining
areas, are added as they represent high potential for upcoming interaction.
A detailed attention model implementation is beyond the purpose of this

1CADIA Populus updates each steering behavior with a given fr equency.
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paper, in fact ours is primarily a way to obtain a reasonable list of targets
to work with.

5.2.2 Decision and Actuation

The decision phase is a core process and is based on four main values based
on our data: Choice Probability, Look Probability, Minimum and Maximum
Duration . To use these we organized our data as follows: Since the setting
was the same for all recordings, all the potential targets were classi�ed into
�ve main categories. Three of them including targets able to move (Cars,
Same Gender People or Opposite Gender People), the remaining two includ-
ing �xed targets (Shops and Other2). Finally, for each target category we
assigned the four above-mentioned values.

Having gathered the potential target list we have the four values men-
tioned in the following way: First, by comparing the target t ypes of the
available potential targets, we pick a single target of potential interest. For
this �rst step we use what we call the Choice Probability. An example of this
probability is given in Table 4.1, page18. Second, for this single target, we
may or may not decide to actually look at it. This decision is left to what
we call a Look Probability for a particular type of target. An example of a
probability of this sort is given from the average value between percentages
shown in Table 4.2, page20 (44% for people and 26% for cars). Finally, if a
gaze is produced, the duration of the gaze for that target is arandom value
betweenMinimum Duration and Maximum Duration as seen in the data.

5.3 Some Remarks

In some cases the decision process could not select a target for two possible
reasons: there aren't potential targets surrounding the avatar or the decision
process chose not to produce gaze towards the most likely target (due to the
Look Probability). In these cases we generated a gaze behavior with a relative
direction based on the discovered common patterns mentioned in section 4.3.

Another important implementation detail is the avoidance of a repeated
choice of the same target using a temporary memory of recent targets. This
avoids the situation where some targets around the avatars seem �xed for
an unusually long time.

In light of our theoretical model (described in chapter 3) we introduced
a simple management of avatar pro�les and preferences in order to bring
in more factors such as the avatar's gender (using the pro�le) or possible
preference bias3. While pro�les and preferences are typically set up ahead

2We grouped in this category all the other objects present on t he scene, i.e. pickets,
lamps, etc. . .

3For example how much he/she likes one kind of object present in the environment, we
used a scale of values in the range 0.0 - 1.0 to express that preference.
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of time, they can also change at run-time, for example to re
ect a change in
interest based on activity or needs.

We also used the avatar's pro�le to reproduce one of the discovered
patterns: Gaze avertion in situations where a mutual gaze between two
avatars happens. We linked the avertion tendency to an introversion pro�le
feature to test this out.



Chapter 6

Conclusions

6.1 Summary

This thesis has introduced an approach to the design and animation of
avatars idle gaze behaviorfor game environments based both on existing
literature on human gaze behavior and on data gathered through carefully
planned observation.

Observations of people throughvideo studiesproduced a massive amount
of data on human gaze behavior in the social situation studied. These data
represented both a rich source of information for our autonomous generation
process and a contribution for gaze behavior literature.

Through this work we have also introduced the use of a powerful new
tool for game developers which supports the rapid creation and employment
of new social behaviorsthat respond to a dynamic social context.

6.2 Results

As we can see in Fig.6.1, we have constructed a virtual model of the place
where we recorded our video in order to test our steering behavior. In order
to better see the target of the currently selected avatar, inthe simulations,
we highlighted it with a di�erent color for the whole gaze dur ation.

In our opinion the new steering behavior insideCADIA Populus pro-
duced avatar behavior that is relatively natural and realistic in terms of gaze.
The common stares that pervade game environments are gone, replaced by
much more plausible gaze patterns that bring the social environment to life.
We attribute the life-likeness of the results to having both taken into ac-
count the existing theory on gaze behavior and to having gathered data on
the particular situation that we wanted to model. CADIA Popu lus then
makes it easy to add this behavior by providing a social perception system
and a versatile steering behavior framework.

In light of the theory presented earlier, our implementation supports

27



CHAPTER 6. CONCLUSIONS 28

(a) A side view of the virtual walking-
path.

(b) A front view of the virtual walking-
path.

Figure 6.1: Screenshots from the simulations of our steering behavior inside
CADIA Populus.

bringing more factors into the gaze decision process, for example through
avatar pro�les or through features. This can even be modi�ed at runtime,
which provides the maximum amount of 
exibility.

Some limitations should be considered. First of all, the data was gathered
in a single location, which may or may not generalize to otherlocations or
cultures.

Secondly, the videos were gathered in a natural setting so itwas impos-
sible to obtain detailed data on many of the personal state factors that we
know can in
uence gaze, for example how the subjects were feeling. We
simply assumed the same basic underlying cognitive factor associated with
the activity of walking.

Thirdly, given that only certain kinds of potential targets were present in
our study environments, it is not clear how the gaze generation algorithms
will handle completely di�erent scenes. We addressed this in part by creating
general target categories, but we do not claim they are exhaustive.

Finally, one current limitation of CADIA Populus is the lack of vertical
head movement, which constrains looking down to eye movement only.

6.3 Future Directions

There are many things we would like to do and possible future directions
for this work.

For example, to achieve greater naturalness in the gaze behavior, we
would like to incorporate the speedof head and torso movements. We would
also like to add eyelids to the avatar models to include the closing of the
eyes. We already have the analyzed data to support this work and just have
to implement it.

With regards to the video analysis, the next steps include a more thor-
ough statistical analysis that includes hypothesis testing for contributing to
the body of theoretical work on gaze behavior.
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In light of discovered gaze patterns, we claimed that subjects frequently
look to the ground while walking down the street. In relation to this, we
would like to better analyze this situation doing a completely di�erent video
study on people alone in a place completely \empty" (that is without any
possible target of attention) and understand whether people still look fre-
quently to the ground in absence of other entities around them or not.

Finally, we would like to construct new studies with di�eren t con�gu-
rations, from our theoretical model, to cover morefactors and social situa-
tions.
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Appendix A

Settings for Video Studies

In chapter 4 (section 4.1) we already provided a general description regarding
the settings for our video studies. Here we provide some details about the
overall organization and schedule of video studies and the place where we've
done them.

The 16 cases were recorded in two di�erent sessions, both at Laugave-
gur1:

1. Session 1: the 21th of November 2008 (10 cases);

2. Session 2: the 5th of December 2008 (6 cases).

Finally, the following pictures show a complete overview ofthe real en-
vironment were the video studies took place, with three di�erent views of
the walking-path.

1101 - Reykjavik, Iceland
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Figure A.1: View from the walking-path end point.

Figure A.2: The whole walking-path.
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Figure A.3: View from the walking-path start point.



Appendix B

Anvil Annotation
XML-Scheme

The following is a detailed description of our annotation schema used in
Anvil 1. In the �rst part of the schema there are some common data type
de�nitions, here described in the same order in which they happear:

� The set of nine values used to annotate eyes directions and head ori-
entations;

� The set of values used to annotate torso facing direction;

� The three values assigned to elements in movement track.

< ?xml version =" 1 . 0 " encod ing="ISO � 8859� 1"?>
< annota t ion � spec>
< !�� � � � � � � � � � � � � � � � � HEAD �� � � � � � � � � � � � � � � �� >
< head>
< va luetype � de f>

< v a l u e s e t name=" d i r ec t i onType" >
< value � e l c o l o r="#6ce272 " > up< / value � e l>
< value � e l c o l o r="#f64a4a " > up� l e f t < / value � e l>
< value � e l c o l o r="#0183e7 " > up� r i g h t < / value � e l>
< value � e l c o l o r=" green " > cen te r< / value � e l>
< value � e l c o l o r=" red " > center � l e f t < / value � e l>
< value � e l c o l o r=" b lue " > center � r i g h t < / value � e l>
< value � e l c o l o r="#346c36 " > down< / value � e l>
< value � e l c o l o r="#620000" > down� l e f t < / value � e l>
< value � e l c o l o r="#000062" > down� r i g h t < / value � e l>
< / v a l u e s e t >

< v a l u e s e t name=" torsoFacingType " >
< value � e l c o l o r=" pink " > up r i gh t < / value � e l>
< value � e l c o l o r=" red " > f a c i n g l e f t < / value � e l>
< value � e l c o l o r=" b lue " > f a c i n g r i g h t < / value � e l>
< value � e l c o l o r=" gray " > f a c i n g back < / value � e l>

< / v a l u e s e t >

1Anvil version 4.7.7.
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< v a l u e s e t name=" ve loc i tyType " >
< value � e l c o l o r=" red " > n e u t r a l < / value � e l>
< value � e l c o l o r="#620000" > slow < / value � e l>
< value � e l c o l o r="#f64a4a " > f a s t < / value � e l>

< / v a l u e s e t >
< / va luetype � de f>

< /head >

In the body part there are the de�nitions of the annotation tr acks, divided
by groups. The �rst group de�nes the tracks related to the eyes, then at
the end we can see the de�nition of the target track, as one of the most
important for our purposes.

Elements within this track have represent the current subject target
of attention and, implicitly, also the duration of the corre spondent gaze.
Additionally, these elements contain an attribute that rel ates them to the
entity (object or person) corresponding to the target.

< !�� � � � � � � � � � � � � � � � � � � � � � � BODY �� � � � � � � � � � � � � � � � � � � � � �� >
< body>
< !�� � � � � � � � � � � � � � � � � Eyes Group � � � � � � � � � � � � � � � � �� >

< group name="Eyes " >
< t rack � spec name=" d i r e c t i o n " type=" pr imary " co l o r � a t t r="

e y e s D i r e c t i o n " >
< a t t r i b u t e name=" e y e s D i r e c t i o n " va luetype="

d i r ec t i onType" d i s p l a y=" t r ue "/ >
< / t rack � spec>
< t rack � spec name="motion " type=" pr imary " co l o r � a t t r="

v e l o c i t y " >
< a t t r i b u t e name=" areMoving" va luetype=" Boolean "

d e f a u l t v a l u e=" t r ue " d i s p l a y=" t r ue " / >
< a t t r i b u t e name=" v e l o c i t y " va luetype=" ve loc i tyType

" d e f a u l t v a l u e=" n e u t r a l " emptyvalue=" f a l s e "
d i s p l a y=" t r ue " / >

< / t rack � spec>
< t rack � spec name=" e y e l i d S t a t e " type=" pr imary " >

< a t t r i b u t e name=" c l o s e d " va luetype=" Boolean "
d e f a u l t v a l u e=" t r ue " d i s p l a y=" t r ue " / >

< / t rack � spec>
< t rack � spec name=" t a r g e t " type=" pr imary " >

< a t t r i b u t e name=" ob j ec tRe f " va luetype="
Rec i p r oca l L i nk ( ta r ge tRe f ) " d i s p l a y=" t r ue " l i nk
� c o l o r=" green " / >

< / t rack � spec>
< /group >
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In the following group are de�ned tracks to annotate head movements
and orientation:

< !�� � � � � � � � � � � � � � � � � Head Group � � � � � � � � � � � � � � � � �� >
< group name="Head" >

< t rack � spec name=" o r i e n t a t i o n " type=" pr imary " co l o r � a t t r="
headOr ienta t ion " >

< a t t r i b u t e name=" headOr ienta t ion " va luetype="
d i r ec t i onType" d i s p l a y=" t r ue "/ >

< / t rack � spec>
< t rack � spec name="motion " type=" pr imary " co l o r � a t t r="

v e l o c i t y " >
< a t t r i b u t e name=" isMoving" va luetype=" Boolean "

d e f a u l t v a l u e=" t r ue " d i s p l a y=" t r ue " / >
< a t t r i b u t e name=" v e l o c i t y " va luetype=" ve loc i tyType

" d e f a u l t v a l u e=" n e u t r a l " emptyvalue=" f a l s e "
d i s p l a y=" t r ue " / >

< / t rack � spec>
< /group >

In the following group are de�ned tracks to annotate torso movements
and direction:

< !�� � � � � � � � � � � � � � � � � Torso Group � � � � � � � � � � � � � � � � �� >
< group name="Torso " >

< t rack � spec name=" f a c e " type=" pr imary " co l o r � a t t r="
fac ingTo " >

< a t t r i b u t e name=" fac ingTo " va luetype="
torsoFacingType " d e f a u l t v a l u e=" up r i gh t "
emptyvalue=" f a l s e " d i s p l a y=" t r ue "/ >

< / t rack � spec>
< t rack � spec name="motion " type=" pr imary " co l o r � a t t r="

v e l o c i t y " >
< a t t r i b u t e name=" isMoving" va luetype=" Boolean "

d e f a u l t v a l u e=" t r ue " d i s p l a y=" t r ue " / >
< a t t r i b u t e name=" v e l o c i t y " va luetype=" ve loc i tyType

" d e f a u l t v a l u e=" n e u t r a l " emptyvalue=" f a l s e "
d i s p l a y=" t r ue " / >

< / t rack � spec>
< /group >
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In this last part of the schema there are some extra tracks used during
the annotation phase. In particular, in this part, there is t he de�nition of
the \watchedObjects" set used to collect all the looked entities during the
study and also to link them with the emph\target" elements in the eyes
group, as mentioned above.

< !�� � � � � � � � � � � � � � � � � Add i t i ona l Tracks � � � � � � � � � � � � � � � � � � � �� >
< t rack � spec name="OtherMovements" type=" pr imary " >

< a t t r i b u t e name="bodyPart" va luetype=" S t r i ng " / >
< a t t r i b u t e name="movement" va luetype=" S t r i ng " / >

< / t rack � spec>
< t rack � spec name=" Sub j ec tS ta te " type=" pr imary " co l o r � a t t r=" type " >

< a t t r i b u t e name=" type " d i s p l a y=" t r ue " d e f a u l t v a l u e="
walk ing " emptyvalue=" f a l s e " >

< value � e l c o l o r=" ye l l ow " > walk ing < / value � e l>
< value � e l c o l o r=" red " > stopped < / value � e l>
< value � e l c o l o r=" green " > running < / value � e l>

< / a t t r i b u t e >
< / t rack � spec>

< !�� � � � � � � � � � � � � � � � � The s p e c i a l t r ack f o r t he watched o b j e c t s e t
� � � � � � � � � � � � � � � � � � � �� >

< set � spec name=" watchedObjects " >
< a t t r i b u t e name=" o b j e c t " va luetype=" S t r i ng " d i s p l a y=" t r ue "

/ >
< a t t r i b u t e name=" ta r ge tRe f " va luetype=" Rec i p r oca l L i nk (

ob j ec tRe f ) " / >
< / set � spec>

< /body >
< / annota t ion � spec>



Appendix C

Descriptions of the Video
Studies

In this appendix we collect a brief report for each case of ourstudy showing:

� General information about the single case (i.e. the subjectgender,
total recording time, etc . . . );

� Common behaviors shared across all the other cases;

� Particular behaviors regarding only the case in question;

� A compact view of the looked targets and their timing.

The table in Fig. C.1 shows a mapping between the discovered gaze patterns
(see section4.3) and case in which they happear.

Figure C.1: The table in this �gure shows, for each discovered pattern,
where it happears among all sixteen cases.

40
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Case: 1
Date: 21/11/2008
Place: Laugavegur
Recording Time: 19,93s
Subject Gender: Male

Common Patterns:
1. The S never looks up, up-right or up-left;
2. He closes the eyelids during eyes and/or head movements;
3. The S looks at a woman for 1.5 sec. and after look away to the
woman opposite direction.
Special Behaviors: The S is speaking with a person on his left and
sometimes he looks to the ground while speaking.

Total Time having Targets: 13,93s
Targets and Durations:
2 x Woman: 1,23s
2 x Car 2: 0,93s
14 x Ground: 4,70s
1 x Restaurant Entrance: 0,17s
7 x Unknown: 3,43s
1 x Car 1: 0,27s
2 x Camera: 0,67s
3 x Other Street Side: 2,53s
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Case: 2
Date: 21/11/2008
Place: Laugavegur
Recording Time: 15,73s
Subject Gender: Female

Common Patterns:
1. She closes the eyelids during eyes and/or head movements (in a fast
way);
2. She often looks to the ground;
3. She never looks up, up-right or up-left.
Special Behaviors: During the way she looks to a plastic bag for more
than 1 sec. and also to people disguised as a bear. She has veryfast
movements of the head after looking at objects that require her attention
(plastic bag or guys).

Total Time having Targets: 12,80s
Targets and Durations:
6 x Ground: 6,20s
1 x Guys Disguised: 2,07s
1 x Plastic Bag: 0,70s
4 x Unknown: 2,30s
1 x Shop Window 1: 0,17s
1 x Car 1: 0,67s
1 x Camera: 0,70s
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Case: 3
Date: 21/11/2008
Place: Laugavegur
Recording Time: 26,53s
Subject Gender: Female

Common Patterns:
1. She often closes the eyelids when changes the head orientation;
2. She looks to a brunette woman for 0.25 sec. and after she looks to
the ground (with eyes-direction: down-left).
Special Behaviors: During the walking-path she looks couple of di�er-
ent objects, more often on the left side (shops, restaurant and restaurant
entrance). When the blonde woman is behind the S, she recognizes her
presence and she looks her. After that, she looks her bags andagain the
woman.

Total Time having Targets: 19,60s
Targets and Durations:
1 x Car: 0,20s
2 x Other Street Side: 1,90s
2 x Ground: 0,87s
3 x Restaurant Entrance: 3,93s
3 x Blonde Woman (S Right): 1,43s
1 x Blonde Woman Bags: 0,60s
3 x Shop Window 1: 1,10s
1 x Shop Window 2: 0,30s
7 x Unknown: 4,50s
1 x Brown Woman: 0,30s
1 x Shop Window 3: 1,20s
5 x Restaurant: 3,27s
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Case: 4
Date: 21/11/2008
Place: Laugavegur
Recording Time: 19,00s
Subject Gender: Female

Common Patterns:
1. She never (or almost) looks up, up-right or up-left;
2. She closes the eyelids during eyes and/or head movements;
3. She looks a man in her front for 0.25 sec. and after she looksdown-
left with a fast eyes movement.
Special Behaviors: Slow movements and attention on Street and
Other Side of the Street, at the end of the walking-path, because she's
passing from one side of the street to the other.

Total Time having Targets: 15,17s
Targets and Durations:
4 x Other Street Side: 2,47s
2 x Ground: 0,60s
1 x Shop Window 1: 1,30s
1 x Man: 0,27s
2 x Restaurant Window: 3,00s
3 x Unknown: 4,87s
3 x Street: 2,67s
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Case: 5
Date: 21/11/2008
Place: Laugavegur
Recording Time: 17,00s
Subject Gender: Female

Common Patterns:
1. She looks at a brunette woman during the walking-path and just
after she looks the street to the right and when the woman passes close
to her, she looks down to the ground;
2. She closes the eyelids during eyes and/or head movements;
3. She looks most of the time the Ground;
4. She never looks up, up-left or up-right.
Special Behaviors: She looks most of the time down the Ground but
never at shop windows on the left. She also looks at two Cars onher
right and especially for a long time the second one, because the car are
stopped in the tra�c. Finally, she closes the eyes for long time intervals.

Total Time having Targets: 12,67s
Targets and Durations:
1 x Car 1: 0,30s
6 x Ground: 5,00s
3 x Car 2: 4,73s
3 x Unknown: 2,27s
1 x Brown Woman: 0,37s
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Case: 6
Date: 21/11/2008
Place: Laugavegur
Recording Time: 16,00s
Subject Gender: Male

Common Patterns:
1. He looks a blonde woman during the walking-path coming from the
opposite direction for 2 sec., after he looks down the groundand after,
again, the same pattern woman-ground but for a shorter duration;
2. He never looks up, up-right or up-left;
3. He closes the eyelids during eyes and/or head movements;
4. He spends, most of the time, looking at the ground.
Special Behaviors: During the walking-path he often moves eyes and
head quickly. He also looks both camera 1 and 2 at the end.

Total Time having Targets: 13,10s
Targets and Durations:
1 x Other Street Side: 0,27s
2 x Blonde Woman: 2,43s
4 x Ground: 6,07s
2 x Camera 1: 2,57s
1 x Unknown: 0,27s
1 x Camera 2: 1,50s
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Case: 7
Date: 21/11/2008
Place: Laugavegur
Recording Time: 12,87s
Subject Gender: Female

Common Patterns:
1. She never looks up, up-right or up-left;
2. She closes the eyelids during eyes and/or head movements.
Special Behaviors: The S probably is aware of the camera and, then,
tends to look at the ground (orienting down the head) or the Other Side
of the Street (moving only the eyes).

Total Time having Targets: 10,07s
Targets and Durations:
3 x Ground: 2,50s
1 x Shop Window 1: 0,27s
4 x Other Street Side: 5,07s
1 x Shop Window 2: 1,03s
4 x Unknown: 1,07s
1 x Camera: 0,13s
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Case: 8
Date: 21/11/2008
Place: Laugavegur
Recording Time: 16,00s
Subject Gender: Male

Common Patterns:
1. The S never looks up, up-right or up-left;
2. He closes the eyelids during eyes and/or head movements.
Special Behaviors: The S stares the camera for 5 sec. without any
other movement. In particular, after that, moves slowly the head and
in a neutral mode the eyes. He also looks at the center-right or down
directions for few seconds, in order to avoid the camera's focus during
the walking-path.

Total Time having Targets: 14,47s
Targets and Durations:
3 x Unknown: 2,07s
2 x Camera: 6,53s
1 x Car: 1,40s
2 x Other Street Side: 1,37s
2 x Ground: 1,87s
1 x Stairs In Corner: 1,23s
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Case: 9
Date: 21/11/2008
Place: Laugavegur
Recording Time: 18,00s
Subject Gender: Male

Common Patterns:
1. He closes the eyelids during eyes and/or head movements;
2. He never looks up, up-right or up-left;
3. He looks a dark haired woman for 0.8 sec. and after he looks the
ground (with direction: down-left).
Special Behaviors: He looks many di�erent targets during the
walking-path. All the eyes movements are neutral when he is looking
at static objects (i.e. cars), whereas are quick when he's looking at the
woman and after 1 sec. he looks down the ground.

Total Time having Targets: 12,60s
Targets and Durations:
1 x Other Street Side: 0,77s
1 x Men on the Shop Door: 0,33s
5 x Unknown: 2,70s
1 x Camera: 1,00s
4 x Shop Window: 2,37s
2 x Blonde Woman: 1,93s
1 x Dark Woman: 0,80s
2 x Ground: 2,40s
1 x Car: 0,30s
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Case: 10
Date: 21/11/2008
Place: Laugavegur
Recording Time: 22,00s
Subject Gender: Female

Common Patterns:
1. She looks twice a man with a knapsack during the walking-path and
she repeats the same pattern: she looks at the man and after she looks
at a street lamp in her front. When she looks for the second time she
also looks at the ground (maybe because the man is close to her);
2. She never looks up, up-right or up-left.
Special Behaviors: The S starts to behave in a di�erent way from
the 14st sec. of the study. He makes a strange pattern with these
directions (not always in this order): center-right, center, center-left,
center, center-left, center, center-right and so on. . .
After that she avoids a street lamp. Finally, head movementsare slow
for most of the time and, at beginning (when she's close to theWindow
Shop) they are more frequent than at the end.

Total Time having Targets: 17,47s
Targets and Durations:
3 x Shop Window: 2,73s
7 x Ground: 2,20s
1 x Car: 0,80s
7 x Unknown: 5,70s
4 x Camera: 1,83s
3 x Other Street Side: 1,57s
2 x Men with Knapsack: 1,00s
3 x Street Lamp: 1,63s
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Case: 11
Date: 05/12/2008
Place: Laugavegur
Recording Time: 22,73s
Subject Gender: Male

Common Patterns: He closes the eyelids during eyes and/or head
movements.
Special Behaviors: He moves the head many times and fast. During
the walking-path he makes a strange pattern: he looks a couple of women
entering into a shop and after, when he arrives close to it, helooks the
entrance in order to look again the women.

Total Time having Targets: 18,23s
Targets and Durations:
4 x Ground: 3,13s
1 x Shop Window A: 0,07s
1 x Shop Entrance: 0,63s
7 x Other Street Side: 4,57s
3 x Car 1: 2,83s
2 x Car 2: 2,10s
4 x Woman Pair: 1,73s
5 x Unknown: 3,17s
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Case: 12
Date: 05/12/2008
Place: Laugavegur
Recording Time: 22,00s
Subject Gender: Male

Common Patterns:
1. He looks a couple of men walking close each other and comingfrom the
his opposite direction, after looking them he changes head orientation
looking to center-right;
2. He closes the eyelids during eyes and/or head movements;
3. He looks the Ground most of the time;
4. He never looks up, up-left or up-right.
Special Behaviors: The S turns slowly the head down many times
and after turns up it again with slow/neutral movements.

Total Time having Targets: 18,90s
Targets and Durations:
6 x Unknown: 4,47s
5 x Other Street Side: 3,43s
4 x Ground: 5,30s
1 x Shop Window 1: 1,77s
1 x Shop Window 2: 2,00s
1 x Persons Pair: 1,93s



APPENDIX C. DESCRIPTIONS OF THE VIDEO STUDIES 53

Case: 13
Date: 05/12/2008
Place: Laugavegur
Recording Time: 23,00s
Subject Gender: Female

Common Patterns:
1. She looks a girl four times coming from her opposite direction. First,
when the girl is far away from her, S looks the girl for a while and after
she averts the gaze looking right and moving slowly the eyes.After,
when the girl is close to S, she continues to look at the girl inthe same
way except for the eye movements velocity, at this moment very quick;
2. She never looks up, up-left or up-right.
Special Behaviors: At beginning of the walking-path, S walks close
to a man on her left. She looks the man before passing him and, while
passing, she looks down the ground. Eyes and head movements are
slow at beginning, but fast when she's looking the girl coming from the
opposite direction.

Total Time having Targets: 16,90s
Targets and Durations:
1 x Man: 0,23s
10 x Unknown: 7,47s
4 x Ground: 0,87s
1 x Shop Window 1: 0,23s
1 x Shop Window 2: 1,03s
1 x Car 1: 0,30s 1 x Car 2: 0,40s
1 x Car 3 (Big-White): 0,57s
2 x Other Street Side: 0,80s
4 x Girl (Front): 2,37s
1 x Camera: 0,40s
1 x Restaurant Entrance: 0,60s
2 x Shop Window 3: 1,63s
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Case: 14
Date: 05/12/2008
Place: Laugavegur
Recording Time: 28,00s
Subject Gender: Female

Common Patterns:
1. She closes the eyelids during eyes and/or head movements;
2. She looks the Ground most of the time;
3. She never looks up, up-left or up-right.
Special Behaviors: She often moves the eyes quickly. In the middle of
the walking-path, she looks the Shop Window 3 four times, appearing
to be very interested about.

Total Time having Targets: 24,77s
Targets and Durations:
1 x Shop Window 1: 0,27s
1 x Shop Window 2: 0,43s
4 x Shop Window 3: 2,13s
4 x Ground: 10,93s
7 x Unknown: 9,30s
2 x Other Street Side: 1,70s
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Case: 15
Date: 05/12/2008
Place: Laugavegur
Recording Time: 22,00s
Subject Gender: Male

Common Patterns: He closes the eyelids during eyes and/or head
movements.
Special Behaviors: He looks a bike coming from the back on his left.
Finally, he looks to the Other Side of the Street more than hisside.

Total Time having Targets: 16,67s
Targets and Durations:
6 x Other Street Side: 5,73s
8 x Unknown: 5,30s
1 x Bike: 0,40s
7 x Ground: 3,87s
2 x Car: 1,37s
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Case: 16
Date: 05/12/2008
Place: Laugavegur
Recording Time: 23,00s
Subject Gender: Female

Common Patterns:
1. She looks a man coming out from a shop and entering into another,
�rst she looks the man and after his shoes;
2. She never looks up, up-left or up-right (only one time, butfor a brief
duration).
Special Behaviors: She closes few times the eyelids and quickly. She
moves the head fast at beginning and slowly at the ending, vice versa,
she moves the eyes slowly �rst and fast later.

Total Time having Targets: 20,97s
Targets and Durations:
1 x Shop Window: 0,60s
1 x Ground: 0,10s
4 x Other Street Side: 8,63s
2 x Unknown: 3,53s
1 x Car 1: 2,93s
1 x Car 2: 0,77s
1 x Car 3: 2,27s
1 x Man: 0,70s
1 x Man Shoes: 0,43s
1 x Camera: 1,00s
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