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Abstract 
 

 

    This thesis deals with gaze behaviour in human-human interactions. The aim of this work 

was to study and statistically analyse gaze direction during dialogues in order to suggest 

possible explanations about the role of gaze in social interactions. Previous research on gaze 

behaviour showed that visibility improved information transfer during human-human 

interaction. Recent works concentrated on the role of gaze during dialogues, and especially its 

link with turn-taking. 

    In this thesis, eight task-oriented conversations were recorded using a camera and an eye-

tracking device. The gaze data collected was first analysed with video tracks to evaluate gaze 

behaviour in general and the factors which have an influence on it. Furthermore, other 

analyses were carried on to examine the relationship between gaze and the type of utterances, 

and gaze and turn-taking. Then, the data collected with the eye-tracker were processed with a 

Matlab program and then compared to the video data to check the reliability of the eye-

tracking system. 

    This analysis work is a preliminary step to the enhancement of human-computer 

communication. These findings could be incorporated into the design of autonomous human-

like conversational agents which would exhibit appropriate gaze behaviours during dialogues 

with human users. 
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1  Introduction 
 

The eye gaze is one of the most important elements in human-human interactions: we use our 

eyes to study the behaviour and appearance of others. Sartre (1942) described the experience 

of being looked at, and suggested Look was the most direct way to apprehend people. Indeed, 

people use their eyes to convey their emotions and feelings. Besides eye gaze is a decisive cue 

to establish an interaction with others: an eye-contact is required before starting an interaction 

to make sure that both participants want to interact with each other. 

Further, it was observed that people used eye gaze during interactions and looked 

intermittently at each other. Then, a lot of research were done to collect eye gaze data and 

tried to find some interpretations of gaze behaviour not only as a vector of emotion, but also 

as a way to provide information about the conversation. This research was first motivated by a 

real will to understand human behaviour, especially for social and psychological reasons. But 

recently, the development of new communication ways, and especially videoconferencing 

using embodied conversational agents (ECAs), increased the interest in human-human 

interactions. Indeed, the awareness of importance of face during human-human interactions 

suggested that visual cues really improved the quality of conversation and thus, motivated the 

researches towards ECAs to replace audio-only ways of communication. To enhance the 

communication skills of the avatars, it was necessary to focus on increasing the expressive 

potential of avatars: indeed, the more the avatars look like human, the more users feel 

comfortable using it. In particular, research in videoconferencing supposed that adding 

human-like eye gaze behaviour on avatars should enhance the quality of conversation. On the 

basis of that assessment, it became necessary to do some research on eye gaze behaviour in 

human-human interaction in order to extract a model which could be implemented on avatars. 

 

The research to understand eye gaze behaviour during human-human conversations started 

around the 60’s and became more accurate in the past few years with the need of developing 

accurate models of avatars with appropriate eye gaze behaviour. 

    The evolution of the studies about eye gaze behaviour will be presented in the first part. 

The first step in the research was to prove the necessity of eye gaze to improve the quality of 

conversation by comparing eye gaze and non eye gaze conditions. Then, the researchers 

focused on the relationships between eye gaze and speech: they statistically studied eye gaze 

distribution during the different phases of a conversation and proposed some explanations to 

the behaviour patterns they found. Further, they studied the relationship between eye gaze and 

speech contents to reinforce eye gaze models. To perform this task, they created some 

dialogues coding scheme. 

    Some models are already implemented on avatars and seem to really improve the quality of 

conversation with users. But eye gaze is quite a difficult cue to model because it really 

depends on individual personalities and social contexts. Thus, further research need to be 

done. 

    Besides, the emergence of new devices like eye-tracking systems gives a new approach of 

eye gaze data extraction and exploitation. 
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2  Background 
 

A lot of research has been led about non verbal cues, including gaze, from the beginning of 

the 19
th
 century. Some authors and artists became aware of the fact that gaze played an 

important social role in human-human interactions, and more specifically, that gaze was a 

way to apprehend other people. Many psychologists and researchers then tried to point out 

gaze behaviour, especially since the 60’s. A lot of experiments were dedicated to gaze, not 

only to prove its necessity as a communication way, but also to study the rules to which it 

could follow. Thus, in this part, the different experiments led will presented to first show the 

impact of vision in conversations. Then, the perception of gaze and its different subjective and 

emotional interpretations will be discussed. Other experiments, which attempted to find out a 

relation between gaze and verbal information, will also be presented. Finally, the implications 

of research on gaze will be specified, especially in the improvement human-computer 

interactions. 

 

 

2.1 Impact of vision in social interactions 

 

A lot of experiments were dedicated to eye gaze, in order to judge its impact on 

conversations. The experiments were generally conversations recorded in both gaze and non-

gaze conditions. It appeared that gaze conditions improved the quality of conversations by 

reducing disfluencies and improving the way floor is exchanged. 

 

 

2.1.1 Impact on verbal aspects of interactions 

 

Some early research has shown that gaze can be used to produce synchronising. In 1967, 

Kendon’s experiments showed that gaze is used by the speaker when he/she is about to finish 

speaking to offer the floor to his partner. Thus, he showed that a majority of long utterances 

ended with a gaze at the partner as a way to offer the floor, and that the absence of gaze at the 

end of utterances would cause delayed responses in 71% of the cases. In 1968, Argyle, Lalljee 

and Cook also proved that the synchronising of speech was worse when the vision was 

reduced. 

    In 2006, Barkhuysen, Krahmer and Swerts showed the importance of visual cues in end-of-

utterances detection. Experiments using audio-visual, audio only and video only conditions 

pointed out significant differences in reaction time between the three conditions; it appeared 

that the end-of-utterances detection was significantly better in video only conditions than in 

audio only conditions. So eye gaze would improve reaction time at turn-takings. 

    Experiments were also led to analyse the effect of gaze on the length of utterances. Cook 

and Lalljee (1973) found that utterances were significantly longer in vision conditions. By 

comparing conversations on the phone and in vision conditions, Gibson et al. (1966) found 

that telephone conversations used a very small vocabulary with a lot of repetitions. Nakano, 

Reinstein and Cassel, in a recent experiment, found that the mean length of utterances was 

significantly longer in face-to face conditions than in no vision conditions, but that the length 

of conversation was not affected. That suggests that eye-contact improves the quality of 

conversation in content and efficiency. 



 9 

    Eye gaze also seems to have an effect on disfluencies. In 1981, Beattie analysed the effect 

of a continuous gaze on the fluency of speech. It appeared that continuous gaze obviously 

affected production of speech and caused more hesitations, false starts and repetitions. Then 

he proposed as an explanation that eye-contact may lead to increase levels of arousals in 

subjects and so disturb conversation; subjects can not look at their partner all the time. Lalljee 

and Cook (1972) predicted more filled pauses, interruptions and pauses when the speakers 

could not see each other. Stephenson and Rutter (1974) attributed the higher rate of hesitation 

when people could not see each other to anxiety. Thus, the conversation is more fluent when 

people can see each other.  

 

    So, gaze would affect conversations by improving synchronisation and the quality of the 

conversation content and by reducing the rate of disfluencies. But it is also true that too much 

gaze reduces the quality of conversation. Gaze obviously has a positive effect on the verbal 

aspects of interactions. The no vision conditions reveal an uncomfortable feeling from the 

subjects. So, eye gaze would be necessary to make the subjects feel comfortable during a 

conversation. 

 

 

2.1.2 Impact on subjects feeling of ease 

 

A lot of experiments were dedicated to the feelings of subjects during conversations in 

different visual conditions. The experiments consisted of questionnaires that subjects had to 

fill in at the end of a conversation to evaluate their feeling about the conversation and their 

partner. 

    Three experiments led by Argyle, Lalljee and Cook (1968) studied the reactions of subjects 

to different vision conditions to deduce the impact of gaze in conversations. 28 students were 

interviewed 7 times on various topics (travel, sports, books, films, home town, academic work 

and hobbies) in different vision conditions: normal conditions, with a mask and/or dark 

glasses. At the end of the interview, the subjects had to say how they perceived their partner 

and how they felt comfortable during the conversation. The results showed that the subjects 

felt less comfortable and that they had less information about the interviewer when they saw 

less of him. Another experiment tested two conditions of visibility: no vision and one-way 

screen. The results, analysed with two rating scales about feelings and comfort, showed that 

the subjects felt less comfortable when they could not see the other, but that this feeling of 

lack of comfort decreased when the self was invisible as well. It suggests that the subjects 

don’t like being seen when they can not see. In the third experiment, both participants had the 

same level of visibility and the results showed that the subjects were less affected by the 

vision conditions. 

    These experiments shows that gaze conditions are important so that the subjects feel 

comfortable; people don’t like being seen when they can’t see the other. Besides, gaze seems 

to be a social factor which helps people to perceive the other. 

    So, gaze plays a significant role on the perception of conversation by the subjects: vision is 

important to perceive the partner and to feel comfortable, and the subjects need to have the 

same level of visibility. 

 

Thus gaze conditions have an impact on verbal and social aspects of conversation. Gaze 

improves the quality of interactions and the feeling of comfort of subjects. Gaze is obviously 

a factor of success in social interactions; it is now important to know how gaze can improve 
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interactions on both verbal and social aspects. That’s why researches were led to study the 

perception and interpretation of gaze. 

 

2.2 Perception and interpretation of gaze 

 
Previous works were done to study the different meanings of gaze on both verbal and social 

level. Some researchers focused on the coordination between gaze and feelings and evocated 

the existence of an intimacy equilibrium model where eye gaze acts as a vector of emotions 

and feelings during conversations; this model is a matter of great variation according to 

individual differences and supposes that gaze is coordinated with other non verbal cues. Other 

researchers studied gaze behaviour in a different way: they looked at the occurrences of gaze 

during conversations and tried to explain how subjects used gaze to convey information. 

 

 

2.2.1 The intimacy equilibrium model 

 

The experiments described above suggested that gaze was necessary so that subjects feel 

comfortable during dyadic interactions. But the experiment of Beattie also suggested that too 

much gaze disturbed the conversation by increasing the level of arousal. The amount of gaze 

must be controlled so that both subjects feel comfortable. A previous work done by Argyle, 

Lefebvre and Cook in 1974 showed that a normal amount of gaze is preferred to a continuous 

gaze by subjects. 

    The intimacy equilibrium model is the most elaborate attempt to explain like-look 

relationship in dyadic interaction and rather more, to give some account of feedback process. 

It was developed by Argyle and Dean (1965). 

    This model studies the links between gaze and other non verbal cues during conversations. 

It suggests that if one cue increases the intimacy level (look more, be closer, smile…), the 

other cues will decrease in frequency to reach equilibrium. This equilibrium is supposed to be 

the perfect combination of non verbal cues to reach a level of intimacy where people feel 

comfortable. Argyle and Cook deduced some predictions about non verbal cue behaviours: for 

instance, if one subject moves closer, the other subject will look less or smile less to reduce 

the level of intimacy. This model showed negative correlations between gaze and distance 

(Mehrabian, 1972), gaze and smiling (Kendon, 1967), gaze and orientation (Aiello, 1972), 

and gaze and intimacy of topics (Exline et al. 1965).  

    These relations suggest that gaze is an important vector of emotion and increase the level of 

physiological arousal. So, it must be controlled and balanced with other cues which convey 

emotions.  

 

Gaze conveys emotions and feelings in correlation with other non verbal cues. One of the 

roles of gaze is the signalling of interpersonal attitudes.  

    The first investigations referred to gaze as a signal of liking. The best method to study this 

relationship was employed by Exline and Winters (1966): the experiments manipulated 

subject’s liking and subject’s gaze was measured before and after the manipulation. The 

experimenters successively adopted agreeable and insulting behaviours towards the subjects. 

It appeared that the subjects looked significantly less when the experimenter was insulting 

them because they liked him less. So the amount of gaze is considered as a good indicator of 

how the subjects appreciate each other.  
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    But eye gaze also has other meanings depending on the situation. A steadily gaze can 

express or evoke aggressivity and hostility the way it is used by animals. Gaze can also be 

seen as a signal of dominance: Howells and Becker (1962) found a tendency for the leader of 

a group to emerge from the position of “visual command”. On the other hand, Darwin (1872) 

showed that people who are ashamed or embarrassed looked down. 

 

Thus gaze is considered as a signal of different emotions and interpersonal attitudes. It 

establishes different statuses between the subjects depending on what they want to express: 

appreciation, dominance or shame. So the amount of gaze is precisely manipulated by 

subjects to express feelings and to establish the atmosphere of the conversation. But gaze is 

strongly correlated with other non verbal cues to signal interpersonal attitudes and these 

relationships are governed by the intimacy equilibrium model: the amount of gaze depends on 

other variable and is adjusted to reach the equilibrium where each subject feels comfortable, 

i.e. the level of arousal is not too high. 

 

 

2.2.2 Gaze behaviour and speech 

 

The following part is dedicated to the interpretations of gaze during a conversation and how it 

is linked to the speech. More than a subjective perception, gaze conveys communicative 

information and a lot of researches were dedicated on the significance of gaze and mutual 

gaze patterns. 

    Adam Kendon (1967) worked a lot on the significance of gaze. His statistic results were all 

extracted from sound and film records of seven two-person conversations. In the experiment, 

the task of the subjects, all unacquainted, was to get to know each other.  

The results showed first that a subject spent less than 50% of his speaking time looking at the 

face of his partner, and more than 50% of his listening time looking at his partner. Argyle, 

Lefebvre and Cook (1974) pointed out that the listening time a subject spent looking at the 

other was twice as big as the speaking time the subject spent looking at the other. Other 

experiments led to the same results. Argyle interpreted that the decrease in gaze during the 

speaking time is a way for the speaker to think about what he is going to say without any 

distraction; on the contrary, during the listening time, the listener looks more at the speaker to 

show his attention and collect information. Argyle (1993) provides the following statistics 

about the time spent looking by a subject (see Table 2.1).  

 

 

Individual gaze 60% 

While listening 75% 

While speaking 40% 

Eye-contact 30% 

 

Table 1.1: Statistics on the percentage of time people look  

at one another in dyadic conversation. (Argyle, 1993) 

 

As mentioned above, Kendon also studied gaze behaviour at the beginning and at the end of 

utterances; he found that the speaker tends to look away at the beginning of utterances and 

interpreted it as a way for the new speaker to signify that he is taking the floor and that he 

doesn’t want to be interrupted. On the contrary, he found that the speaker looked at his partner 

at the end of utterances to signify he had finished speaking and to offer the floor to his 
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partner. Kendon also studied gaze behaviour during pauses; he found that during grammatical 

pauses, the speaker tended to look at his partner so as to collect feed back, and that during 

hesitations, he tended to look away to try focusing on what he wants to say. 

    Some explanations tried to account for the role of mutual gaze. In their intimacy 

equilibrium model, Argyle and Dean noticed an increase of mutual gaze when people liked 

each other but the phenomenon is too weak to be considered relevant. It can also be noticed 

that mutual gaze appears during overlaps of speech: subjects maintain gaze to keep the floor. 

But mutual gaze does not seem to have a communicative function. Various formulae have 

been suggested to express the amount of mutual gaze in order to analyse whether subjects 

avoid or seek mutual gaze.  

The first one was proposed by Strongmann and Champness (1968) and calculates the amount 

of mutual gaze that would occur by chance between two subjects. 

 

 

sLookingBsLookingAEC '%'%% ×=  

 

 

EC  is the Expected Mutual Gaze. 

sLookingA'  represents the gazing time of subject A. 

 

The second one was proposed by Argyle and Ingham (1972). This formula takes into account 

the fact that people look more when they listen than when they speak.  

 

 

sTalkingB

ALBL

sTalkingA

BLAL
EC LTLT

'

)()(

'

)()( ×
+

×
=  

 

 

)(ALT  represents the time looking while talking of subject A. 

)(ALL  represents the time looking while listening of subject A. 

sTalkingA' represents the speaking time of subject A. 

 

Some tests on these formulae (Argyle and Ingham) showed that the first one tended to over 

estimate the expected amount of mutual gaze and that the second one under estimated it. 

Anyway, these formulae are good indicators of avoidance or seek of mutual gaze. 

 

Kendon was one of the first one who evoked the communicative functions of gaze. His 

findings revealed that gaze is used as a signal of attention and as a channel to convey 

information about turn-takings. However, the subjective functions of eye gaze can be 

neglected considering gaze behaviour. As a reflection of feeling and emotion, these functions 

affect gaze differently according to the personality of the person. Thus the amount of gaze is a 

matter of great variation depending on individual differences. A lot of researchers (Mobbs, 

Kendon and Cook, Argyle and Ingham, Rutter and Stephenson) pointed out that the amount of 

gaze was strongly correlated with extraversion. Thus, extrovert people tend to look more than 

introvert people. General statistics about gaze behaviour and its role in communication will 

significantly vary depending on the personality of the subjects. 
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The work of Kendon was criticized by Beattie (1978) who disagreed with the experimental 

conditions and thus with their interpretations, and by Duncan (1972) who considered that gaze 

had a minor role on turn-takings comparing to other cues.  

    One major difficulty of studying gaze behaviour, like other non-verbal cues, is that it really 

depends on the social context; people will look more or less depending on the subject of the 

conversation, the person they are talking to, and the atmosphere. So, different experimental 

conditions can lead to very different results and it is hard to find a gaze model which could fit 

any social condition. 

 

 

2.3 Gaze and speech content 

 

The consciousness of the importance of gaze in coordinating turn-taking led to further 

investigations which tried to find out how gaze was correlated with the content of speech. 

Some recent studies were dedicated to speech acts or “moves” (Carletta, 1996) and to 

information structure.  

These findings are really important in order to decode the rules of gaze during conversation 

and then make a reliable model of gaze behaviour. 

 

 

2.3.1 Gaze and moves 

 

An experiment was realised by Nakano, Reinstein, Stocky and Cassel (2003) to analyse the 

link between gaze and turn-taking using speech acts. This experiment used video recordings 

of several conversations between students who had to perform a map task. They tokenised a 

turn into utterance units (UU) which were categorised using the DAMSL coding scheme (see 

4.2.1). They analysed gaze behaviour of the subjects within and after four categories of UU: 

acknowledgment, answer, information request and assertion. They deduced that gaze not only 

signals a turn-taking request but that gaze behaviour differs depending on the type of 

conversational actions. They therefore suggested that gaze was a positive evidence of 

grounding (e.g.: the speaker looks at his partner during an assertion in order to check whether 

he is paying attention to the referent mentioned in the assertion). Looking at the correlation 

between speaker and listener, they found that if the listener maintained gaze within a UU, the 

next utterance was an elaboration in 73% of the cases. On the contrary, when the listener kept 

looking at the map, 52% of next UUs were go-ahead. These results suggest that the speaker 

interprets a maintained gaze of the listener as an evident signal of non-understanding.  

    These findings comfort the hypothesis that gaze is an evidence of grounding. According to 

the type of UU, gaze would help each participant to know whether they understand each 

other. More than signalling turn-taking, gaze would be an additional signal to signify 

agreement and determine what would be the next speech act.  

 

 

2.3.2 Gaze and information structure 

 

In 1997, Cassel, Torres and Prevost judged important to study gaze behaviour in correlation 

with information structure integrated with turn-taking. Previous works had already shown the 

relationship between gaze and turn-taking, but they tried to get more precise information 
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about this relationship by integrating information structure. In their experiment, they used the 

records of three two-person conversations on any topics. The results were analysed 

considering heuristics: they separated themes which provided information from previous 

discourse, and rhemes which provided new information about the topic. The study dedicated 

to the occurrence of gaze at the beginning and end of utterances correlated with heuristics. 

The results showed that 70% of beginnings of themes were accompanied by a look-away gaze 

whereas 73% of beginnings of rhemes were accompanied by a gaze at the partner. Besides, 

100% of beginnings of utterances which were the beginning of a theme were accompanied by 

a look-away gaze, and 100% of ends of utterances which were the beginning of a rheme were 

accompanied by a gaze at the partner.  

    These results suggest that considering only beginning and end of utterances (see 2.2.2) 

would be too simple: it would be more relevant to consider the information structure to point 

out the actual gaze behaviour. 

 

These two studies are representative of how far gaze can be studied: its links with the speech 

contents are really complex and thus it is not very easy to deduce general gaze behaviour. 

    Yet these studies generally lead to a model which can be implemented to design 

conversational agents with appropriate gaze behaviour. Previous studies about embodied 

agents have been realised and researches are now focused on how human-computer 

communication can be improved. Researchers try to give avatars a human-like behaviour and 

so have to deduce models from human-human interactions. Gaze is part of these 

improvements as a communicative channel. 

    Considering gaze behaviour and its relationship with speech contents evoked above, the 

first study seems to be more relevant for implementation: themes and rhemes can’t be 

distinguished as easily as turn-takings. So the most recent computational models focus more 

on turn-taking to design avatars.  

 

 

2.4 Implications of research on gaze 

 

One of the most important applications on gaze research is the design of embodied agents 

with appropriate gaze behaviour. As it is proved that gaze is really important in conversations 

to improve the fluency of speech and transfer of information, recent researches are dedicated 

to design a gaze model which can be implemented on an avatar to improve human-computer 

interactions. One example of these computational models will be given. 

 

 

2.4.1 Computational models 

 

Nakano, Reinstein, Stocky and Cassel (2003) (see 2.3.1) proposed a dialogue manager based 

on their empirical results. They used MACK which is an interactive public information ECA 

kiosk; its current knowledgebase concerns the activities of the MIT Media Lab. MACK 

recognizes speech, using IBM’s ViaVoice, pen gesture via a paper map atop a table with an 

embedded Wacom tablet, and head nod and eye gaze via a stereo-camera-based tracker. 

MACK produces speech synthesis using the Microsoft Whistler Text-to-Speech API, a 

graphical figure with synchronised hand and arm gesture, and head and eye movements, and 

LCD projector highlighting on the paper map, allowing MACK to reference it.  
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The judgment of grounding is allowed by a grounding module; at the end of a UU, the module 

judges whether the UU is grounded using verbal (type of UU) and non verbal (gaze within 

and after UU) behaviours.  

MACK is a system which is able to determine the next action depending on the type of UU 

and the accompanying gaze. A preliminary evaluation of the model gave satisfactory results 

which strongly supported the model. 

    Other models have been developed based on turn-taking by looking at the boundaries of 

utterances (Novick, 1996), or using a two-state Markow model to illustrate gaze movements 

(Fukyama et al. 2002). These models have been successfully tested. 

 

 

2.4.2 The impact of eye-gaze on avatars 

 

Some experiments have been done to test whether the implementation of gaze on avatars 

improved the interaction with the user.  

Heylen et al. led an experiment which compared three version of their embodied agent Karin 

(see Figure 2.1): the first version had a randomly distributed gaze, the second one broke gaze 

when directing the user to the table, and the optimal version averted gaze at the beginning of 

utterances or when it was not ready. The task for the user was to order two tickets for a 

concert. 

 

 
 

Figure 2. 01:Embodied agent with appropriate gaze behaviour: Karin  

(Heylen, Van Es, Nijholt, Van Dijk, 2002) 

 

 

The results were analysed with a five point Likert scale for seven factors the user had to 

evaluate. The optimal version was significantly more efficient than the two other versions 

(ANOVA test) and was significantly judged more natural, easier to use and drew a higher 

level of satisfaction from users.  

    Another experiment led by Garau et al. (2001) compared audio-only conditions, a random-

gaze avatar, an inferred-gaze avatar (the frequency and mean length of glances are determined 

depending on whether the avatar is speaking or listening), and video conditions. 100 subjects 

participated in these conversations and they had to answer a questionnaire about the quality of 

the interaction at the end of each conversation. The results were evaluated with a Likert scale. 

The video obviously obtained better results but the inferred-gaze avatar significantly out-

performed random-gaze and audio-only conditions. 
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These experiments show that the implementation of gaze on humanoid avatars has a great 

impact on the quality of the conversation with the user: the conversation is more efficient and 

looks more natural and the users are often more satisfied by an avatar which exhibits 

appropriate gaze behaviour.  

 

 

2.5 Eye-tracking systems 

 

The study of gaze made the development of eye-tracking systems necessary. The eye-tracking 

systems are helpful in many cases to know where the subject is looking and can be used in 

several fields of studies (spoken dialogue systemes, psychology,…).  

    They can be used for analysis: the eye-tracker is used during the experiment to know where 

the subject is looking in order to study gaze behaviour during conversations. Vertegaal et al. 

(2001) used eye-tracking measurements to study gaze as an indicator of conversational 

attention in multiparty conversations.  

   Besides, eye-trackers can be used directly during human-computer interactions; the eye-

tracker records the eye position of the subjects during the interaction. The gaze data collected 

are used as inputs of the spoken dialog system: the system analyses the gaze of the user in 

order to react properly, according to some rules, to know whether the information is 

grounded. In their computational system, Nakano et al. (2003) used a head tracker to know 

whether the user is looking at the map or at the avatar; the results would be the same with an 

eye-tracker. These data was considered in association with verbal data to decide of the 

following sentence. 

    Eye-tracking systems have others applications such as looking at eye-gaze patterns during 

reading sessions to shed light on the reading process and on the comprehension of the text. 

 

    The need of eye-tracking systems for faster analysis of gaze direction led to the 

development of several devices commercialised by two main companies: Tobii and SR 

Research. The new devices are very accurate and fast.  

    One problem of the eye-trackers systems is that the user must not move too much during 

the measurements to avoid loss of tracking. So the naturalness of the dialog can be affected. 

But despite of this drawback, they are necessary to have gaze data as inputs for spoken dialog 

systems, and also to analyse gaze behaviours quickly and with accuracy. 

 

 

3  Aim 
 

The goal of this project is to study statistically eye gaze behaviour during dyadic 

conversations. Hereby, an experiment was performed on task-oriented conversations in which 

the subjects had to perform a Map Task, and then a database was created to analyse the 

distribution of eye gaze. The data were collected with a camera and an eye-tracking system. 

    The first step was to study general statistics about gaze behaviour such as gaze and mutual 

gaze, gaze while speaking and listening, mean length and frequency of glances, and then to 

investigate how the experimental variables like the different subjects or the familiar 

conditions could affect gaze behaviour. Furthermore, the transcription of the dialogues, which 

codes utterances depending on their purpose, led to the study of gaze behaviour depending on 

the type of utterance. Finally, this study focused on the gaze behaviour at the boundaries of 
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utterances. All these considerations might help to explain the role of gaze during interactions 

and to build a model of gaze behaviour which could be implemented on avatars. 

    A second step was to create some programs to extract and use eye-tracker data and to 

compare them to the previous data in order to test the reliability of the eye-tracker. The idea 

was checking whether eye-tracker could be a reliable and fast tool to process gaze data 

recorded in a conversational environment. 

 

4  Methodology 
 

The purpose of this master’s thesis is to analyse gaze behaviour during human-human 

interactions. To perform this analysis, an experiment was performed, recording eight 

conversations. From these conversations, general statistics were extracted about gaze 

behaviour to compare them to previous findings on the subject. Furthermore, specific 

transcriptions of the text were used to study the relationship between gaze and speech acts, 

and between gaze and turn-taking. The expectations are to find the known statistics about 

gaze behaviour and to support the hypothesis of a model of gaze behaviour in correlation with 

speech acts and turn-taking. 

The following part describes how the experiment was performed and how the data was 

processed. 

 

 

4.1 Experimental design 

 

The experiment was done with for 4 participants; each participant had to perform 4 Map Task 

conversations. All the conversations were recorded in a studio, with a camera, two 

microphones and one eye-tracker for one of the participants. The participants performed a less 

than ten-minute task in which they were assigned alternatively to play one of two roles – giver 

or follower – with one of two other subjects – familiar or unfamiliar.  

 

 

4.1.1 Population 

 

The four participants were exchange students of KTH, aged between 21 and 26. One 

participant was a female (subject 1), the three other were male. One participant was German, 

one was Dutch and two were French, but all of them had quite fluent English (at least 

sufficient for the task). The participants were gathered in pairs: in each pair, the two 

participants knew each other, but both pairs were unfamiliar with each other. Each participant 

performed four conversations.  
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4.1.2 Apparatus 

 

The lab consisted of a studio. 

 

Video recordings 

 

The conversations were audio visually recorded with a digital camera placed behind one of 

the participants. The camera was supposed to record both participants at the same time and 

had to focus on the gaze of each participant. To ensure synchronisation, a mirror was used to 

get the two subjects in view (Kendon, 1967). The mirror was set in front of the participant 

who had the camera in the back. Thus, on the video tape, both participants are in view at the 

same time: one directly, and the other one in reflection in the mirror (see Figure 4.1). 

   One of the major problems of that configuration is that the camera and the mirror are not 

directly in front of the participants: in order to see both participants directly and in the mirror 

at the same time, the camera and the mirror must make a small angle with the face-to-face 

line. Thus, the discrimination of face-directed gazes becomes less reliable.  

The angle was chosen as small as possible to still see both participants at the same time and to 

reliably detect face-directed gazes. 

 

 

 
 

Figure 4.1: Layout of the experiment 

 

 

Sound recordings 

 

Each participant was recorded with a microphone located as close as possible to his/her mouth 

to avoid interferences. These records were necessary because the quality of the camera 

soundtrack is mediocre and makes the transcription of the dialogue harder; besides, it was 

helpful to separate the speech of the participants in two different tracks: the giver was 

recording on the left channel and the follower on the right one. Even if the voice of one 

participant interferes on the other participant’s recordings, the interfering voice is very low 

compared with the recorded one; thus, the two voices can be easily separated.  
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Eye-Tracker 

 

Gaze coordinates of one of two participants were recorded during each conversation. To 

record them, a Tobii x50 Eye Tracker (see Figure 4.2) and Clear view Software were used. 

The Tobii Eye Tracker consists of hardware and software for gaze point estimation. The key 

characteristics of Tobii Eye Trackers are (1) plug and play eye-tracking, (2) very high 

tracking quality (robust, accurate and reliable data) and (3) no restraints on the user. The Tobii 

Eye Tracker requires application software to make use of the eye-tracking data, for instance 

Clear View for eye gaze analysis.  

 

 
 

Figure 4.2: Tobii x50 Eye-tracker 

 

 

A calibration is done at the beginning of each track of the subject’s gaze. The Eye Tracker 

provides in particular the timestamp in microsecond for when the gaze data is recorded (the 

time is based on the Tobii timer), and the gaze point for each eye (the O is in the top left-hand 

corner of the screen).  The Tobii system runs at a constant frame-rate of 50Hz. The recovery 

time from total loss of tracking to full tracking quality is 100ms. For a good tracking, the 

subject must be sat at the correct distance from the eye-tracker (about 60cm). 

Tobii Technology is a world leader in hardware and software solutions for eye tracking 

(http://www.tobii.com).  

 

4.1.3 Task 

 

The subjects performed a Map Task similar to the task in the HCRC Map Task Corpus 

(Anderson et al. 1991). In 1992, the HCRC (Human Communication Research Centre) created 

a corpus of task-oriented dialogues, the HCRC Map Task Corpus. This corpus of dialogue 

was produced in response to one of the problems of working on natural language: most 

parameters are uncontrolled, especially the context. The Map Task is task-oriented, so the 

context of conversation is known, but the subjects have to perform a cooperative task; thus the 

conversation is quite natural but the context is determined. The task allows the control of 

phonological characteristics for the study of phonological modifications; it also manipulates 

the familiarity between subjects and eye-conditions.  

 

The task for one quad (four subjects) will be described. Each conversation involves two 

participants. Each participant is given a map; the first one, the Instruction giver has a route 

marked on his map. The second one, the Instruction follower, has no route. The speakers are 

told that their goal is to reproduce the Instruction giver’s route on the Instruction follower’s 

map. The two maps are not identical; the speakers know it at the beginning. They just have to 

discover how they differ (different features). (see appendix A) 
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    Each subject is recruited with a familiar partner. There are two pairs of subjects, and the 

two pairs are unfamiliar with each other. The two pairs form a quadruple of subjects who use 

among them a set of four maps. The maps are assigned by Latin square (see Figure 4.2).  

    A map is assigned to each participant who will perform four conversations: two with a 

familiar partner, two with an unfamiliar partner. The map used for the task is the one of the 

giver. Each participant will perform the task twice as a giver, and twice as a follower (with 

two other different maps). 

    Each map represents a reduction type (t-deletion, glottalization, d-deletion and nasal 

assimilation) to study phonological characteristics: the reduction type is determined by the 

different phonological characteristics of feature names. As it is not the purpose in this 

experiment, the organisation and assignation of the maps were just kept to make sure that the 

difficulty between maps was equal. 

In this experiment, eight conversations were performed with one quad of subjects and four 

maps extracted from the HCRC Corpus in eye-contact conditions (see appendix B). 

 

 

4.1.4 Procedure 

 

For each conversation, the subjects sat approximately 1,7m apart, facing each other across a 

desk. The distance is chosen according to the considerations of Argyle: the subjects must not 

be too closed to avoid an increase in the level of arousal which would disturb their comfort. 

However, to perform an accurate discrimination of gaze direction, the subjects (and so the 

camera just behind them) must not be too distant. 1,7m is a distance which respects these 

considerations.  

    The instruction follower has his map on the table and a pen to draw the route. The 

instruction giver is placed at 85cm away from a screen and 70cm away from the eye-tracker. 

The vertical position of the giver’s eyes toward the floor is fixed on 1,2m.  

    Before each conversation, the giver performs a calibration on the Tobii eye tracker system. 

Then, the map with the route appears on the screen and the gaze data are recorded through 

Clear View software.  

    The conversations are video recorded in the conditions explained above, and each 

participant wears a microphone. 

     

The distribution of the maps and the order of the conversations are determined by McAllister 

et al. (1990) a1, a2 refers to one pair of speaker, and b1, b2 to the second pair of speaker. (a1 

is also the female subject 1). 

The sound recording starts first, then the video recording. The eye-tracker system is launched 

after them. 
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Map Contrast Dialogue Giver Follower Reduction Type 

3  +/+  1 s1 (a1) s2 (a2) ++3 (d-deletion) 

4  +/- 2 s4 (b2) s3 (b1) +-4 ( nasal assimilation) 

1  -/+  3 s2 (a2) s4 (b2) -+1 (t-deletion) 

2 -/-  4 s3 (b1) s1 (a1) --2 (glottalization) 

1  -/+  5 s2 (a2) s1 (a1) -+1 (t-deletion) 

2  -/- 6 s3 (b1) s4 (b2) --2 (glottalization) 

3  +/+  7 s1 (a1) s3 (b1) ++3 (d-deletion) 

4  +/- 8 s4 (b2) s2 (a2) +-4 ( nasal assimilation) 

 

Table 4.1: Distribution of the map and organization of dialogues in the Map Task  

(McAllister et al. 1990). 

 

 

As an eye-tracker is used in the experiment, complete loss of tracking must be avoided. Thus, 

the Map Task is appropriate because each participant only looks at his partner or at the map. 

The map is an object of focusing and also a possibility of not looking at the partner all the 

time to avoid an increase of the level of arousal. Thus, the tracking is rarely lost with the Map 

Task. But the Map Task has also drawbacks mentioned later.  

 

 

4.2 Data coding 

 

To study the speech content, a transcription of dialogues was done according to the HCRC 

coding scheme which categorises the utterances into speech acts or moves. Then, the video 

and sound recordings were processed with the software Wave Surfer: label files were created 

to signal gaze and no-gaze periods of time, but also to indicate the type of utterance and their 

position in the conversation time. 

 

 

4.2.1 Annotation: HCRC coding scheme 

 

The dialogues were transcribed using a scheme of dialogue coding developed by Carletta et 

al. 1996 for use on the Map Task Corpus. This coding scheme distinguishes three levels of 

dialogue structure. At the highest level, the dialogue is divided into transactions, which are 

subdialogues accomplishing one major step in the participants’ plan for achieving the task. 

The transactions are made of conversational games; a conversational game is a set of 

utterances with an initiation and encompassing all utterances up until the purpose of the game 

has been either fulfilled (information transferred) or abandoned.  

The conversational games are made of conversational moves which are simply different kinds 

of initiations and responses classified according to their purpose. 

    In this thesis, only the conversational moves categories were used, to study the different 

gaze behaviours depending on the different purposes of the conversation. 

 

There are nine conversational moves:  

An instruct move commands the partner to carry out an action.  

An explain states information that has not been directly elicited by the partner.  
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A clarify move is a reply to some kind of question in which the speaker tells the partner 

something over and above what was strictly asked; it’s very close to the explain move. 

A check move requests the partner to confirm information that the speaker has some reason to 

believe, but is not entirely sure about.  

A query-yn or query-w is any question that is not a check.  

A reply-yn or reply-w move is an answer to any question.  

An acknowledge move is a verbal response that minimally shows that the speaker has heard 

the move to which it responds, and often also demonstrates that the information has been 

understood and accepted.  

Two other labels exist: the align move, which checks partner’s attention, and the ready move. 

But they occur too scarcely to be taken into account and align moves were categorized as 

queries and ready moves as acknowledgments. 

 

So, for the eight conversations, a transcription was done following this dialogue structure 

coding, in order to separate turns into utterances units (UU) or moves according to their goals 

and to study gaze behaviour for each type of utterances. 

 

The transcriptions can vary depending on the person who transcribes, so they are not 

completely sure. But the reliability of a coding scheme can be evaluated thanks to the Kappa 

coefficient. The Kappa coefficient (K) (Siegel and Castellan 1988) measures pairwise 

agreement among a set of coders making category judgments, correcting for chance expecting 

agreement.   
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)(AP is the proportion of time that the coders agree. 

)(EP is the proportion of time  that one would expect them to agree by chance. 

 

Kappa values above 0.67 allow tentative conclusions to be drawn, while values above 0.8 are 

considered as reliable. 

 

The reliability of the HCRC coding scheme has been evaluated by Carletta and Isard.  

Figure 4.3 shows the reliability of HCRC schema when applied to map task dialogues. 

The game coding is not so good, but the move coding is reliable which is satisfying for this 

experiment. 

 

 

Move segmentation K=0.92 

Move classification K=0.83 

Response/initiation classification K=0.89 

Game beginning 70% pairwise agreement 

Game embedded / not embedded K=0.46 

Game ending 65% pairwise agreement 

 

Table 4.2: Reliability of HCRC schema when applied to map task dialogues (Larsson, 1998) 
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Another coding scheme could have been used for the transcription of the dialogues: the 

DAMSL coding scheme (Dialog Act Markup in Several Layers, Allen J.M., Core M. 1997). 

This schema divides dialogue structure in four layers. The most important layers are called 

Forward looking function and Backward communicative function. The Forward looking 

function characterises what effect an utterance has on the subsequent dialogue and interaction; 

for instance, as the result of an utterance, is the speaker now committed to certain beliefs, or 

to performing certain future actions? The Backward communicative function indicates how 

the current utterance relates to the previous discourse. For example, an utterance might 

answer, accept, reject, or try to correct some previous utterance or utterances. 

   The DAMSL schema is more complex than the HCRC schema and above all more 

complete; it allows a better approach and definition of the intentions and goals of the speakers 

for achieving the task. But the DAMSL coding scheme has a very low reliability probably 

because of its complexity: utterance-tags are numerous and the possibility of discrimination 

between them is often low. Besides, the high number of tags prevents a general study of gaze 

behaviour: there are too many cases to study.  

 

That’s why the choice was stopped on the HCRC coding scheme to transcribe the dialogue: 

the coding scheme of dialogue structure is quite simple and reliable. 

4.2.2 Label files: Wave Surfer 

 

The coding of gaze was done with Wave Surfer. Wave Surfer is an Open Source tool for 

sound visualization and manipulation. It is being developed at the Centre for Speech 

Technology (CTT) at KTH in Stockholm, Sweden. Typical applications are speech/sound 

analysis and sound annotation/transcription. Besides, Wave Surfer allows the visualization of 

several soundtracks at the same time; thus, the two channels of the sound recordings (one for 

the giver, one for the follower) could be visualised and processed separately. All the sound 

and video files were processed with Wave Surfer which was very useful to transcribe the files. 

With Wave Surfer, transcription is handled by a dedicated plug-in and its associated pane 

type.  

So, to annotate gaze, some label files were created to mark each period of gaze. The periods 

of gaze were determined using the video recordings. One label file was created for the giver, 

and one for the follower, for each conversation. 

 

The transcription of the dialogues using HCRC coding scheme was transcribed into label files 

in Wave Surfer. This transcription was done using an automatic segmentation algorithm, 

NALIGN, developed at the Centre of Speech Technology (CTT) by Sjölander K. (2003). 

NALIGN uses a Hidden Markov Model based method to generate word and phoneme level 

transcriptions from a verbatim orthographic transcription and a sound file. Thus, the verbatim 

orthographic transcriptions used were the dialogue transcriptions for each subject, and the 

sound files were the sound tracks corresponding to each subject. As the subjects were not 

enough far away from each other, there was some interferences on each subject’s sound track. 

So each channel was processed (one per subject) to erase the voice of the partner; thus, error 

rate with NALIGN was reduced. (see appendix C) 

 

Using the label files with the transcription of the dialogues, other label files were created to 

annotate each type of utterance and the boundaries of utterances.  

Label files can be read with Emacs and are composed of three columns: the starting time (start 

of a label), the final time (end of a label) and one string variable which is the name of the 

label.  
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4.3 Method of analysis 

 

The data was analysed using two different methods. The first one used the data from the video 

recordings: the time data was manually extracted considering the periods of gaze and the 

period of speech. Then data was exploited using different statistic tools. The second method 

used the data collected with the eye-tracker; it was extracted with a Matlab program; this data 

was mixed with the data of the label files to extract the same statistics as in the first method.  

 

 

4.3.1 Video recording data 

 

Extraction of the data 

 

The video tapes were first converted in mov files using QuickTime. Then the video track and 

the sound track recorded with the microphones were synchronised. At the beginning of each 

conversation a “clap” was done to help this synchronization. So the sound track of the video 

was replaced by the sound track of the microphones using QuickTime. Then, the video files 

with the new soundtracks were studied using WaveSurfer to create the label files. 

    Using the label files, a lot of data was extracted to create the database: periods of time 

looking, speaking, listening, and then looking while speaking or listening. The periods of 

mutual gaze and the number and length of glances were also extracted. 

During periods of overlap of speech, it was considered that both subjects were speaking but 

not listening to one another.  

To determine what “a period of speech” was, it was necessary to determine a minimal length 

to define a pause which separates two distinct periods of speech; following the studies of 

Goldman-Eisler, a cut-off point of 250ms was adopted. So under 250ms, a “blank” is not 

considered as a pause and so is considered in the period of speech.  

    For each subject and each conversation, the database is composed of the looking time, the 

speaking time and the listening time spent looking and the mutual gaze. For each category, the 

mean length and frequency of glances are calculated.  

 

 

Statistical analysis 

 

For each type of data, means and standard deviations were calculated in general, per subject, 

per condition (familiar or not), per role (giver or follower) and per pair of subjects. 

The comparisons of data between these categories (for instance, between subjects or pairs) 

were done using Kruskal-Wallis tests. The Kruskal-Wallis one-way analysis of variance by 

ranks (named after William Kruskal and Allen Wallis) is a non-parametric method for testing 

equality of population medians among groups. This test aims at determining if one group of 

data differs significantly from the other groups to which it is compared. It is an extension of 

the Mann-Whitney U test to 3 or more groups. 

A Mann-Whitney is used when comparing only two groups of data x and y; here it was used 

to compare conditions or roles. 
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The Mann-Whitney test uses a variable U, calculated as follows: 
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U is then compared to the values of a Mann-Whitney table to determine whether one set of 

data differs significantly from the other. 

 

To perform a Kruskal-Wallis test, the data have to be classified according to their rank. 

The decision statistic is determined by the variable H (or KW): 
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k  is the number of groups. 

in  is the number of data in group i. 

iT  is the sum of the ranks in group i. 

N  is the total number of data. 

 

If k  > 3 or in  > 5, the probability distribution of H is quite similar to the chi-square 

distribution. So, H has to be compared to χ² in a chi-square table at k-1 degrees of freedom to 

determine the p-value: )²Pr( 1 Hk ≥−χ . 

The p value gives the probability of having groups which do not significantly differ from each 

other. If this value is less 0.05, the hypothesis is rejected: one group differs significantly from 

the others. In that case, a two-by-two comparison can be done to determinate which groups 

are significantly different. Two groups differ significantly if: 
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ix  is the mean of ranks in group i. 

pz  is read in the KW table for two-by-two comparisons.  

 

As this test is non-parametric, it does not suppose a normal distribution of the data. That’s 

why it is sometimes preferred to an ANOVA test.  

 

To study the relationship between two sets of variable, the correlation coefficient was used. 

The correlation of Pearson was chosen:  

 

)()(

),cov(
),(

YVarXVar

YX
YXr =  

 



 26 

This coefficient shows if two sets of variable are independent, and if they’re not, how strong 

is the relationship between them.  

 

 

Analysis of utterances and turn-taking 

 

To study the relationship between gaze and utterances and gaze and turn-taking, two types of 

gaze behaviours were considered: 

Gaze At Partner (gP): looking at the partner. 

Gaze At Map (gM): looking at the map. 

Considering the behaviour of both speaker and listener at the same time, four categories were 

obtained: gP/gP, gP/gM, gM/gP and gM/gM. The first behaviour is the speaker’s one, and 

the second one is the listener’s behaviour. Thus, gP/gM signifies that the speaker is looking at 

his partner and that the listener is looking at the map.  

Gaze behaviours for each type of utterances were analysed, considering the number and the 

length of each status. The number of each gaze status at the beginning and end of utterances 

was also considered.  

This model of coding gaze behaviour is similar to the model used by Nakano et al. (2003). 

 

4.3.2 Eye-tracker data 

 

In this project, the eye-tracker data used was the timestamp, and the vertical position of left 

eye. A few Matlab programs were created to extract the eye-tracker data and manipulate them 

to obtain the same statistics as above. 

   A first program extracts the timestamp and the vertical position of the eye to create a vector 

which determine whether there is gaze at the partner or gaze at the map depending on the 

time; the samples of ‘gazevector’ being equal to 1 when there is gaze at partner and 0 

when gaze at map. (see appendix D) 

 

Timestamps for audio recordings were produced by a WaveSurfer plug-in. Thus, a rescale of 

the timestamp for the eye-tracker was necessary because the eye-tracker has its own intern 

clock, which is probably different from the clock of the computer and thus from the sound 

tracks and the label files. A time stretch of the eye-tracker timestamp by a determined factor α 

was then necessary because the frequency of the soundtrack was a bit less than 16kHz due to 

inaccuracy of built-in soundtrack; this factor is common to all conversations. Moreover, as the 

soundtrack and the eye-tracker were not started at the same time during an experiment, a 

constant had to be add to the eye-tracker timestamp so that the origin of time is the same; this 

constant depending on the conversations. (1
st
 part appendix D) 

 

In order to simplify, the vertical position was considered sufficient to determine whether the 

subject is looking at the map or at his/her partner as it was supposed that in the map task, 

subjects only look either at the map or at their partner. Thus, the ordinate 0 (top of the screen) 

is the limit between gaze at partner and gaze at map. (2
nd
 part appendix D) 

The losses of tracking were considered as gaze at map because they were not gaze at partner 

anyway. 

 

A problem with the eye-tracker is the detection of blinks. Everybody blinks all the time to 

dampen the eyes. The problem is that when the subject blinks, the tracking is lost and the 
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blink may be interpreted as an aversion of gaze. To avoid that problem, a detection of the 

blinks during gaze-at-other periods was performed; it was considered that seven successive 

samples equal to 0 (no gaze) preceded and followed by 1 (gaze) would be considered as a 

blink and so as a gaze at partner. Seven samples correspond to one short blink (around two 

samples) following by the 100ms of delay of the eye-tracker to recover the full tracking 

quality. (3
rd
 part appendix D) 

 

Then, to extract all the statistics, the label files about speech, utterances, turn-taking were 

used. 

To be used, the label files had to be transformed; for each label file, a vector was created 

which had as many samples as the timestamp. For instance, to determine the period of speech, 

the label files which transcribed the text of the dialogues were used. For each sample, a 

comparison is done between the corresponding time in timestamp and the label file 

corresponding to the dialogue. Once the specific period was identified, the corresponding 

label is examined: if it was <silence>, the sample in the speech vector had the value 0 (no 

speech), else it had the value 1 (speech). 

 

All the statistic data were determined by comparing the ‘gazevector’ extracted from the eye-

tracker and the vectors concerning speech, utterances, turn-taking, extracted from the other 

label files.  

5  Results 
 

General gaze behaviour was first analysed through the study of total amount of gaze, time 

looking while speaking, time looking while listening and amount of mutual gaze. For each 

category, the mean length and the frequency of glances were evaluated. Then, the differences 

of behaviour between subjects, between pairs of subjects, between familiar and non familiar 

conditions and between roles (giver and follower) were examined. The differences between 

looking while speaking and looking while listening were studied in general and also within 

the preceding conditions. 

Verbal (UU) and non verbal (gaze) behaviours were correlated in general and within those 

conditions, and finally looked at the correlations between gaze and turn-taking (beginning and 

end of UU). 

Finally, the data collected with the eye-tracker were processed thanks to a Matlab program 

and then compared with the previous data to test the reliability of the device. 

The analysed corpus consists of 1119 utterances units (UU) for the eight conversations. The 

mean length of conversations is 5.42min.  

 

 

5.1 Video recording results 

 

The data analysed in the following part were manually extracted from the label files created in 

Wave Surfer for each conversation. The label files concerning gaze were created from the 

video recordings. 
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5.1.1 General results 

 

Proportion of time looking at the partner 

 

The proportion of time that a subject spends looking at his partner during a conversation is a 

matter of considerable variation. In this study, this varies from 5.4% to 37.4% of the time, 

with a standard deviation of 10.4.  

In the present data, in 10 cases out of 16 (4 sets of data per subject), the subject spends less 

than 10% of his speaking time looking at his partner, and in 11 cases out of 16, he spends 

more than 14.5% of his listening time looking at his partner. But once again, great variation 

can be observed: the proportion of time looking while speaking varies from 2.2% to 24% 

(standard deviation of 6.5) and the proportion of time looking while listening varies from 

4.6% to 63.5% (standard deviation of 14).  

However, a strong correlation (0.75) exists between the proportion of time looking while 

speaking and the proportion of time looking while listening; thus the subjects who look more 

when they speak are also the ones who look more when they listen to their partner. A further 

study was led about the differences between the proportion of time looking while speaking 

and looking while listening. A Mann-Whitney test showed that in general, the subjects spent 

significantly more time looking at their partner in their listening than in their speaking time 

(U(16,2)=71, p < 0.05).  

 

The previous results are summarized in Table 5.1; this table lists the average proportion of 

time gazing in general, while speaking and while listening for each subject. These proportions 

are obviously a matter of great variation between subjects. In that case the means don’t have 

much sense, but it gives a general tendency of gaze behaviour; thus, it appears that in general, 

the subjects look at their partner approximately twice more when they listen than when they 

speak. 

 

 

 

  
Subject 1 Subject 2 Subject 3 Subject 4 Mean 

Standard 
deviation 

% of total time spent 
gazing  

34,35 13,93 9,63 8,25 15,91 10,44 

% of speaking time 
spent gazing 

20,13 11,04 6,04 6,74 10,01 6,51 

% of listening time 
spent gazing 

33,66 14,69 17,51 6,53 18,07 13,95 

 

Table 5.1: Average proportions of time gazing in general, while speaking and while listening for each 

subject. 

 

 

It was then interesting to know which experimental factors could induce such variations in the 

proportion of time gazing. The effect of the experimental conditions (subjects, pairs, familiar 

or non familiar conditions, role) was analysed using a Mann-Whitney or Kruskal-Wallis test.  

    The results show that significant differences (p < 0.05) were found between subjects 

considering the proportion of time looking, speaking time looking and listening time looking. 

So, the individual differences play an important role in gaze behaviour.  
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    Two-by-two comparisons using Kruskal-Wallis tests pointed out that the female subject 

(subject 1) looked significantly more than the subject 4 (male) in every case. Figure 5.1 

illustrates this tendency. Besides, the female subject looks always more than the male subject. 

But the figures show that the results can be really different depending on the subject. There 

are not only individual differences which can explain such differences. 
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Figure 5.1: Proportion (%) of time gazing during the whole conversation, while speaking and while 

listening for each subject. 

 

A further study was performed considering pairs of subjects or dyad (two-person interaction).  

Pair 1 matches subject 1 (a1, female) and subject 2 (a2, male) who are familiar. Pair 2 is 

composed of subject 1 (a1, female) and subject 3 (b1, male) who are unfamiliar. Subject 4 

(b2, male) and subject 3 (b1, male) are familiar and constitute Pair 3. Finally, Pair 4 matches 

subject 4 (b2, male) and subject 2 (a2, male) who are unfamiliar. 

The results showed a significant difference between two pairs: the subjects of pair 1 (subjects 

1 & 2, one female, one male, familiar pair) looked significantly more at each other in each 

case than the subjects of pair 4 (subjects 2 & 4, two males, non familiar pair), which is shown 

on Figure 5.2. So gaze behaviour of subjects is also influenced by the dyad; for instance 

subject 2 would tend to look more with subject 1 in dyad 1 than with subject 4 in dyad 4.  
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Figure 5.2: Proportion (%) of time gazing during the whole conversation, while speaking and while 

listening for each pair/dyad. 
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No significant difference was found on the role (giver or follower) and the condition (familiar 

or non familiar), except that in familiar condition, the proportion of time looking while 

speaking is significantly more important than in non familiar conditions (U(8,2)=12, p<0.05). 

Finally, different correlations were studied considering both roles separately. The results 

revealed, in the giver condition, a weak negative correlation (-0.45) between the length of 

conversation and the proportion of time gazing, and a stronger negative correlation (-0.54) 

between the speaking time and the proportion of speaking time looking at the partner. So, the 

longer the giver has to speak, the less he looks at his partner. No significant result was found 

in case of the follower.  

 

Mean length and frequency of glances 

 

The mean length of glances is also a matter of variation. Considering the total amount of gaze, 

the mean length of glances varies from 0.68s to 6.72s. It appears the subjects who look more, 

have longer glances. But the standard deviation is quite weak (0.59), so the mean between 

subjects (1.33s) can be considered as relevant. The same phenomenon occurs regarding the 

time looking while speaking: the mean length of glances varies from 0.30s to 2.38s, but the 

standard deviation worth only 0.17 with a mean between subjects of 0.50s. Considering the 

time looking while listening, the mean length of glances varies from 0.28s to 3.25s, with a 

mean between subjects of 0.59s (standard deviation of 0.28). In both case, the subjects who 

look more have longer glances. 

It appears that the mean length of glances is quite the same during the speaking time and the 

listening time (no significant difference, U(16,2)=98, p > 0.05), and is half as big as the mean 

length of glances during the total gazing time.  

These results are summarized in Table 5.2; this table lists the mean length of glances in 

general, while speaking and while listening for each subject. The average per subject doesn’t 

vary much, so the general averages can be considered as giving of reliable tendency of gaze 

behaviour during conversations. Using a Mann-Whitney test, no significant difference was 

found between subjects, conditions or roles. Nevertheless, a significant difference was found 

between pairs but only in general and during speaking time; a two-by-two comparisons using 

Mann-Whitney test pointed out a significant difference in length of glances between pair 1 

(subjects 1 & 2, one female, one male, familiar pair) and pair 4 (subjects 2 & 4, two males, 

non familiar pair). Pair 1, who looks more, has significantly longer glances than pair 4 who 

looks less in general, especially during speaking time, which is shown on Figure 5.3. 

 

 

 

  
Subject 1 Subject 2 Subject 3 Subject 4 Mean 

Standard 
deviation 

Total 2,09 1,14 1,12 0,95 1,33 0,59 

During speaking time 
0,57 0,52 0,55 0,35 0,50 0,17 

During listening time 0,80 0,45 0,65 0,45 0,59 0,24 

 

Table 5.2: Mean length of glances (in secondes) in general, while speaking  

and while listening for each subject. 
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Figure 5.3: Mean lengths of glances (in sec) during the whole conversation and during speaking time for 

each pair/dyad. 

 

 

The same study was led for the frequency of glances. The variations observed are a bit greater 

than in the case of mean length of glances but still remain acceptable. During the total gazing 

time, the frequency of glances varies from 1 glance every 4.47s to 1 glance every 50.04s, with 

a total mean of 1 glance every 10.20s (standard deviation of 4.64). During the speaking time, 

the frequency varies from one glance every 2.35s to one glance every 32.76s, with a total 

mean of one glance every 6.13s (standard deviation of 3.77). During the listening time, the 

total mean frequency is one glance every 4.18s (standard deviation of 3.30), with a variation 

from one glance every 1.02s to one glance every 30.06s. These results are summarized for 

each subject in Table 5.3. In all the cases, the results show that the subjects who look more, 

glance more often at their partner. The general means give quite a good tendency of gaze 

behaviour, at least during speaking and listening times (weak standard deviations). 

 

 

  
Subject 1 Subject 2 Subject 3 Subject 4 Mean 

Standard 
deviation 

Total 6,08 9,75 12,04 12,93 10,20 4,64 

During speaking time 2,94 4,93 8,94 7,71 6,13 3,77 

During listening time 2,331 3,80 3,79 6,79 4,18 3,30 

 

Table 5.3: Frequency of glances during the whole conversation, while speaking and while listening for 

each subject 

 

In general, the subjects glance significantly more often at their partner during the listening 

time than during the speaking time (U(16,2)=69, p < 0.05). The results also show that the 

subjects look more during the listening and speaking time than in the whole conversation. 

The Mann-Whitney test revealed no difference between roles and between conditions. Except 

some particular cases, no significant difference was found between subjects or pairs. The 

scarce particular cases found confirm the fact that the more the subject look in time 

proportion, the more they glance at their partner. 
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It was also interesting to have a look at the correlation between the mean length and the 

frequency of glances. They are weakly negatively correlated (-0.31) considering the total 

gazing time but it seems to depend more on the role and the condition. While there is no 

significant correlation between the two variables in the case of the giver, a significant 

correlation exists in the case of the follower especially during the listening time (-0.57). 

Considering the condition, the two variables are correlated in non familiar conditions 

especially during the speaking time. So, if the subjects glance more often at their partner, they 

tend to maintain the gaze during a shorter time or, if they look less often, they tend to give 

longer glances. This fact is mostly observed in non familiar conditions, which could suppose 

that this negative correlation is linked to a feeling of ease: people would prefer that their 

partner look more often at them but with shorter glances or look less often with longer 

glances. A study of Kendon and Cook (1969) revealed that subjects prefer individuals who 

gave longer glances, and evaluated less favourably these who gaze frequently with shorter 

glances. So, the second hypothesis seems to be the most relevant. 

 

Mutual gaze 

 

The mean length of eye-contact is quite small and varies from 0.10s to 0.99s. The mean 

between conversations is 0.53s with an acceptable standard deviation (0.31). The proportion 

of time that both subjects spend in mutual gaze out of the gazing time varies from 0.68% to 

31.49%. The mean proportion is 19.42% but the standard deviation is quite important (10.33).  

The differences observed are mostly important between pairs, and once again, pair 1 has more 

eye-contact than pair 4. So, the pairs who look more during conversation have more eye-

contact. The study of mutual gaze and the differences found also suggest that the behaviour of 

the partner could interfere in the amount of gaze; thus, subject 2, who is implied in both dyads 

1 and 4, has very different gaze behaviours. This change is probably induced by the partner; 

this underlines the influence of the dyad. 

    The proportion of mutual gaze was also calculated out of the conversation time and 

compared with the expected proportion of mutual gaze calculated with the formula of 

Strongman and Champness. Except for conversation 1 and 8, the proportion of mutual gaze 

measured in the experiment is more than the expected proportion. Besides, the formulae over 

estimates expected mutual gaze. Thus, the subjects obviously did not avoid mutual gaze; they 

would even have sought it. All the results are summarised in Table 5.4. 

 

Pair 1 (s1 & s2) Pair 2 (s1 & s3) Pair 3 (s3 & s4) Pair 4 (s2 & s4) 

  Conv1 Conv5 Conv4 Conv7 Conv2 Conv6 Conv3 Conv8 

% Time MG  
6,81 8,47 3,31 4,48 1,83 1,01 0,37 0,05 

% Expected 
(formulae) 

8,46 6,83 2,53 3,46 1,75 0,69 0,34 0,44 

 

Table  5.4: Proportion of mutual gaze and expected mutual gaze 

 

 

These findings reflect how individual differences play a role in gaze behaviours. Everybody 

looks more or less depending on how much he’s extravert. The gaze behaviour seems to 

depend also on the dyad.  Besides, the gaze behaviour will depend on the dyad each subject is 

in, which is probably linked to a subjective feeling of ease. 

Nevertheless, some general behaviour can be pointed out and discussed. 
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5.1.2 Gaze and utterances 

 

The differences between verbal behaviour (UU) and gaze were studied here. Gaze shifts were 

analysed with respect to the type of verbal communicative action or utterance. To study the 

continuity of gaze status, the amount of time spent in each gaze status was also analysed. 

Shifts and amount of time spent gave similar results, so only the shifts will be discussed. The 

shifts were analysed within each type of UU and during pauses.  

    Looking at the results, the dyad’s gaze status most frequently shifts to gM/gM for each type 

of UU, within UU or during pauses. But this result is not surprising considering that in the 

Map Task, the subjects look less at the partner than in a normal conversation, and that in a 

conversation in general people spend less time looking at the partner than looking elsewhere. 

Considering the fact that the subjects look more often elsewhere, it was interesting to study 

what was the importance of the gM/gM status compared with the other statuses, and to see 

further if, among the three other statuses (gP/gP, gP/gM and gM/gP), one appeared 

significantly more than the others. 

    The data collected was analysed using a Mann-Whitney test. For each type of UU, 

significant differences could be observed between the four statuses (p < 0.05), within UU and 

during pauses. So, two-by-two comparisons using Mann-Whitney tests were performed for 

each type of UU and their following pause. 

 

Figures 5.4 and 5.5 illustrate the proportions of each gaze status for each type of UU, within a 

UU and during pauses. Two behaviour patterns can be distinguished depending on the type of 

utterances. 

    

The first category gathers Instruct, Check, Clarify, Explain and Query. The proportion of 

gM/gM status is quite the same within UU and during pauses; both subjects look at the map 

practically half of the time. Indeed, these types of utterances are directly linked to the task 

performance: they are used to give the task (instruction) or to clarify it. So, both subjects have 

to concentrate on the map. 

Looking at the other statuses, it appears that during UUs, none of the gP/gM and gM/gP status 

appears more than the other; the speaker and the listener look at each other in the same 

proportions (around 20%). But it was shown before that the speaker is supposed to look twice 

as less as the listener (around 10%); so in that case, it can be supposed that the speaker is 

looking significantly more than usual. 

During pauses, the gP/gM (around 30%) status appears more often than the gM/gP status (less 

than 10%). At the end of these utterances, the speaker tends to look at his partner, and the 

listener (and new speaker) tends to look away. 

So, during the task performance, the speaker tends to look more at his partner than usual, and 

he looks significantly more during pauses. On the contrary, the listener looks as much as the 

speaker within a UU, but averts gaze during pauses. 

It can be supposed that during the performance of the task, the speaker looks at his partner to 

check whether the listener understands what he’s saying, and that a normal gaze from the 

listener is interpreted as a signal of understanding. 

For the gaze behaviour during pauses, it is maybe more linked to turn-taking: the speaker 

looks at his partner to give him the floor and so checks whether the information is grounded, 

and the listener looks away to prepare his answer. 

Besides, it can be noticed that during pauses following check moves, the gP/gP status occurs 

more often than in the other moves. In that case, listener gaze is not only a signal of turn-

taking, but also a signal of non-understanding: the listener waits for an eye-contact to make 

sure that the speaker knows that the information is not grounded. 
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The second behaviour pattern gathers Reply and Acknowledge. For acknowledge, both 

subjects look at the map more than 70% of the time within UUs and during pauses. So, this 

suggests that gaze brings no further information to an acknowledgement, which is already a 

signal of understanding. For reply and acknowledge, within UUs, the gM/gP status appears 

significantly more often than the gP/gM statuses (respectively around 30% and less than 

10%). During pauses, the proportion of gP/gM increases a little bit, and none of the gP/gM 

and gM/gP status appear more than the other. 

These utterances are often quite short; so “within UU” can be considered as “beginning of 

UU”. Thus, within reply and acknowledge, the new listener is paying attention the answer of 

the new speaker in order to prepare his next action, and the new speaker looks away because 

he’s speaking. During pauses, the speaker who has just finished speaking looks more, 

probably to signify that he has finished. But no special gaze behaviour can be clearly noticed 

probably because these utterances often ends a “game” (see HCRC coding scheme); so, a new 

initiation is necessary to define the next task. 
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Figure 5.4: Proportion of each gaze status within each type of UU. 

  

 

 



 35 

Proportion of each gaze status at pauses 
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Figure 5.5: Proportion of each type of UU during pauses. 

 

 

Even if the subjects tend to look more often at the map, some different gaze behaviours 

outcome depending on the UU. This suggests that the gaze may have a communicative 

function the subjects use to check or inform that information is grounded. 

No significant difference was found between pairs or between conditions. This suggests that 

the gaze behaviour correlated with the verbal behaviour is general. 

 

The mean length of glances within UU and during pauses was also studied depending on the 

type of UU. The results show that the mean length of glances does not vary with the type of 

UU; it varies according to the gaze behaviour of the subject. It appears that during UU, the 

gM/gM status lasts for longer time than the other statuses, and that the glances of a subject are 

longer when he’s listening than when he’s speaking to his partner. These results confirm the 

result found in the first study. During pauses, the mean lengths of glances are quite similar in 

all the cases. 

 

 

5.1.3 Gaze and turn-taking 

 

In the following part, the link between gaze and turn-taking is analysed. For each type of UU, 

the gaze status was analysed at the beginning and at the end of utterances.  

    Once again the subjects shifted more often to the gM/gM status at the beginning or at the 

end of utterances; but this result is still in keeping with the fact that the subjects look 

generally more at the map during the map task. It is once again interesting to search if one of 

the three other statuses appears significantly more often than the others at the boundaries of 

the utterances. The gP/gP status is scarce enough not to be considered. 
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    Considering the beginning of utterances, 23.68% of utterances begin with a gM/gP status 

against 4.58% for the gP/gM status. Looking at each type of UU, the proportion of gM/gP at 

the beginning of UU varies from 14.04% to 33.33%; but in all the cases, the proportion of 

gM/gP is always significantly more important than the proportion of gP/gM. So, at the 

beginning of utterances, Figure 5.6 sows that the new speaker tends to look away, whereas the 

subject who has just finished speaking looks at his partner. 

    For the end of utterances, the general result is less relevant: 16.53% of utterances end with 

a gP/gM status and 13.05% end with a gM/gP status. Looking at each type of utterance, it 

appears two different classes as it shown on Figure 5.7. The first one gathers instruct, check, 

query, clarify and explain where 25.68% of utterances end with a gP/gM and only 7.88% with 

a gM/gP. On the contrary, in the second group which gathers reply and acknowledge, only 

5.07% of utterances end with a gP/gM and 18.51% of utterances end with a gM/gP. So, for 

practically all the utterances, the speaker tends to look more at his partner when he finishes 

speaking whereas the new speaker is looking away. To acknowledge or reply, the speaker 

doesn’t look at his partner when he finishes speaking, but the listener is more often looking at 

the speaker.  

 

These different behaviour patterns were already suggested in the study on utterances. Thus, 

the gaze behaviour at boundaries is really linked to the gaze behaviour during utterances. 

Thus, despite the fact both partners look more often at the map practically all the time, a 

behaviour pattern can be observed: the speaker tends to look away when he begins speaking 

and to look at his partner when he finishes speaking.  
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Figure 5.6: Proportion of each gaze status at the beginning of each type of utterances. 
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Proportion of each gaze status at the end of utterances
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Figure 5.7: Proportion of each gaze status at the end of each type of utterances.  

Total 1 refers to the first group of UUs and Total 2 refers to the second one. 

 

 

Considering that the number of gP/gM and gM/gP shifts is rather scarce compared to the 

gM/gM shifts, it was interesting to look at the proportion of each status dedicated to the 

beginning or end of utterances. The results illustrated in Figure 5.8, show that more than half 

of the gP/gM appear at the beginning of utterances and more than half of the gM/gP appear at 

the end of utterances. This confirms the preceding results. So, even if the gaze time is short, 

the glances of the subjects appear at chosen moments in the speech. 

 

Despite the importance of individual differences in gaze behaviour, the results of this 

experiment have pointed out some interesting findings not only about the time spent gazing at 

the partner, but also about how this gazing time is distributed in correlation with the contents 

of the speech (type of UU) and the turn-taking. Some results suggest that this distribution is 

not random but follows some rules which could be interpreted as a way to convey information 

about the understanding of the task. 
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Proportion of gP/gM and gM/gP statuses used at the beginning or end of utterances
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Figure 5.8: Distribution of total gP/gM and gM/gP status at the boundaries of utterances. 

 

 

5.2 Eye-tracker results 

 

In the following part, the data collected with the eye-tracker will be analysed. This data was 

processed thanks to a Matlab program and was compared to the results found thanks to the 

video recordings. This comparison was directly possible with the data concerning the 

proportion of time the subject spends gazing at his partner. But as only one eye-tracker was 

available for the experiment, only the eye direction of the giver was tracked for each 

conversation. Thus, for the study of utterances and turn-takings, the gaze status considered 

were not the same. It was then harder to compare with the video data. However, the study of 

the proportion of time gazing gives a good idea of the reliability of the eye-tracker. 

 

Figure 5.9 merely shows gaze distribution during conversations. The data was extracted from 

the eye-tracking system. A quick observation of conversation 1 and 2 shows great differences 

between gaze distribution of subject 1 and 4: subject 1 looks obviously more than subject 4 

(blue points). 

Besides, it is possible to observe that the ordinate of the green points (below 0) regularly 

decreases with the time. These points represent the vertical position of the gaze point on the 

map. Thus, this decrease indicates that the start point of the route was on the top of the map 

and the finish point, on the bottom of the map. 

 

 



 39 

 

 
 

Figure 5.9: Plot of the ordinates of gaze points, function of time. 

 Conversation 1 is represented on the top, and conversation 2 on the bottom. The ordinate 0 refers to the top 

of screen, limit between gaze at the other and gaze at the map. The blue crosses represent “gaze at other”, the 

green crosses represent “gaze at map” and the red crosses represent generally “loss of tracking”. 

 

 

Looking at each conversation, both the data collected with the video recordings and the data 

processed in Matlab are strongly correlated; considering the proportion of time gazing, 

looking while speaking, looking while listening and the mean length and frequency of 

glances, the results per conversation show a correlation greater than 0.9 (often near 1) 

between the two types of data. So, dealing with one conversation, the data collected with the 

eye-tracker is considered to be reliable, so is the Matlab program. 

    Looking at each type of data for the eight conversations, the results are good as well; a 

correlation greater than 0.9 is obtained for the proportion of time gazing. The results are 

shown on Figure 5.10. 

 



 40 

Nevertheless, the results obtained for the mean length of glances while speaking and listening 

are not so good (correlation 0.5, see Figure 5.11); the mean length of glances is shorter in the 

case of the eye-tracker data. This must be due to the definition of speaking and listening: 

using the video recordings, some “blanks” were considered as speaking or listening time 

because they lasted less than 250ms and so could not be considered as pauses. Whereas the 

Matlab program processed the speaking and listening data from the label files and so did not 

take into account these “blanks”.  

But in general, the data obtained thanks to the eye-tracker is reliable and gives a good way to 

find all the results quickly. 
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Figure 5.10: Correlation between video and eye-tracker data  

considering the proportions of time looking at the other. 
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Figure 5.11: Correlation between video and eye-tracker data considering the mean length of glances 

during speaking and listening time. 

 

 

 

In order to compare video and eye-tracker data, Wave Surfer was also used. A label file was 

created to visualize the eye-tracker data and compare it to the initial label file created from the 

video recordings. The two label files match practically all the time (see appendix E). 

 

Looking at the utterances, only the gaze of the giver could be examined. So the gaze statuses 

were a bit different: gP and gM while speaking and gP, gM while listening, for each type of 

utterance and the following pauses. As expected, the results showed a great proportion of gM 

in all cases. After comparing the gP proportions between each utterances and pauses, it 

appears that the results are quite similar as before: for instance, considering instructs, the 

speaker looks more during the pause, than during the UU. The subject does not look a lot 

during or after replies or acknowledgments. Anyway, the study of the results would be easier 

knowing the gaze behaviour of the partner. It could be interesting to do an experiment with 

one eye-tracker for each subject. 

    Looking at the turn-takings, the data showed that 27.27% of utterances ended with a gaze 

and only 11.17% began with a gaze. These results are a matter of great variation according to 

the conversation, but this still suggest that the subject tend to look more when they finish 

speaking than when they begin speaking. Actually, in most conversations, there is no gaze at 

the beginning of utterances whereas there is practically always at least one utterance ending 

with a gaze in each conversation. 

 

 

Despite the fact that two eye-trackers would have been necessary to study the gaze behaviour 

in correlation with utterances and turn-takings, the results obtained with the eye-tracker are 

quite satisfying. The results are quite similar to the data found thanks to the video recordings 

which supposes that the eye-tracker is a reliable device to study gaze. It also showed that the 

Matlab program and the estimations made, especially with the blinks, are quite good. 

Thus this is a quicker way to process gaze data. 
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6  Discussion 
 

 

6.1 Short Conclusion 

 

The goal of this master’s thesis is to study the eye gaze behaviour during human-human 

interactions. The study focused on general statistics about the time spent gazing at the partner 

and on the factors which could influence it. Furthermore, gaze was studied in correlation with 

speech content by comparing gaze behaviour between the purposes of utterances, and with 

turn-taking by looking at gaze at boundaries of utterances. These results aimed at pointing out 

some rules about the use of gaze by human to improve the communication. 

The results about the time spent looking at the other showed that it was a matter of great 

variation depending above all on the subjects. This suggests that gaze behaviours strongly 

depend on individual personalities. But some data concerning the glances are quite stable and 

can therefore be considered as reliable.  

The statistics on the percentage of time people spend looking at one another in dyadic 

conversations are a lot less than the ones provided by Argyle (see Table 2.1), but they follow 

the evolution; in this experiment, people looked significantly more often at the map than at 

their partner. But they still follow the evolution; for instance, it was also found that people 

look more when they listen than when they speak. 

The same occurred with the study of utterances and turn-taking. In general, the subjects 

looked significantly more at the map, and the patterns found have a limited importance 

compared to the “looking at map” status. A similar experiment of Nakano et al. (2003) 

showed more significant and satisfactory results about the different gaze behaviours 

depending on the type of utterances. But in their experiment, the subjects had to give a route 

on a campus they knew, not on unknown maps. 

    These results reassess the use of the Map Task to study eye gaze behaviours. If the Map 

Task is easy to analyse because it’s a task-oriented dialog, it is also a task which requires a lot 

of concentration; thus, to achieve the task, the subjects focus on the map. Besides, the subjects 

don’t know the map. So, the subjects spend a lot of time looking at the map, and maybe 

sometimes forget to look at their partner. The concentration on the map needed to achieve a 

Map-Task could explain why the results found in this experiment are so weak compared to the 

literature and why the time spent looking at the map is so important. 

    This fact must be taken in consideration to analyse the results properly. Considering that 

the time spent looking at the other is short in comparison with the time spent looking at the 

map because of the concentration needed by the task, the distribution of the few amount of 

gaze was studied and it led to interesting results. Thus, subjects use eye gaze in different ways 

depending on the type of utterances; the gaze of the speaker or the listener is an additional 

signal of communication to check or signify that the information is grounded. Besides, the 

scarce glances of the speaker mostly occurred at the end of utterances but not at the 

beginning; this suggests that the speaker use eye gaze to regulate the floor taking. 

 

Satisfactory results were obtained with the process of eye-tracker data. The results were 

practically similar to the results found manually with the video recordings. This suggests that 

the eye-tracker data and that the Matlab programs used to process it is reliable.  
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6.2 Further Discussion 

 

General Statistics 

 

The proportion of time spent looking at the other in the experiment is quite low: it doesn’t 

exceed 37.4%. This result is a lot less than the 60% found by Argyle. 

    The same occurs for the speaking and listening time spent gazing at the other. Argyle found 

that people spent 40% of their speaking time looking at the other whereas only a maximum of 

24% was found in this experiment. He found that people spent 75% of their listening time 

looking at the other, and the maximum in my experiment is only 63.5%, with a minimum of 

4.6%. Considering mutual gaze, the results provided by Argyle showed eye contact occurred 

30% of time, and the mean proportion here is only 19.42%. 

    These results could then be judged as unsatisfactory. But as it was said above, it can be 

explained by the nature of the task. Contrary to a simple conversation, the subjects have an 

object to focus on in the map task; they need to concentrate on the map, centre of the task, and 

so spend a lot of time to looking at it. 

    It is then more relevant to look at the way these statistics are linked to each other. It can be 

noticed that the proportion of listening time spent gazing at the other is twice as bigger as the 

proportion of speaking time spent gazing at the other, as it was supposed by Argyle Lefebvre 

and Cook. People spend significantly more time looking while listening than looking while 

speaking. This comforts Argyle’s interpretation of the use of gaze: during the speaking time 

the speaker has to think about what he is going to say and so doesn’t look at his partner to 

keep focused; on the contrary, during the listening time, the listener looks more at the speaker 

to show his attention and collect information. 

    The differences of gaze behaviours can be observed between subjects: this certainly 

depends on their level of extraversion. Besides, gaze behaviour also depends a lot on the 

partner: if the partner looks less, the subject will look less. This is probably linked to the like-

look relation. 

It could be noticed that the female subject looked significantly more and that the male subject 

looked more when they interacted with her; this could suggest that sex differences influence 

gaze behaviours. But the number of subjects is too low to confirm this hypothesis. 

The other experimental conditions didn’t significantly influenced gaze behaviour. 

 

The mean length and frequency of glances also depend on individual personalities but the 

results exhibit stable glance behaviour (low variations). Mean length and frequency of glances 

are negatively correlated and this relationship is stronger considering unfamiliar subjects. The 

study of Kendon and Cook (1969) suggests that people prefer less frequent and longer 

glances, and this behaviour must be reinforced in unfamiliar conditions to make subjects feel 

more comfortable.  

 

Even if mutual gaze occur less often as it could be expected (Argyle), the comparison of the 

proportion of mutual gaze obtained in the experiment with the expected one according to 

Argyle and Ingham’s formulae show that the subjects didn’t avoid eye-contact. This comforts 

the fact that the lack of gaze measured in this thesis is mostly due to the task and not to 

personal behaviours.  

 

Utterances and turn-taking 
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The study of different gaze statuses during and after utterances showed that gaze behaviours 

differ depending on the type of conversational action. According to the type and the goal of 

the utterance, the subjects look at each other to check whether the information is grounded.  

Two behaviour patterns were pointed out depending on the type of utterances: one regarding 

the utterances linked to the accomplishment of task by giving instructions, providing or 

requesting information. The second one was on answers and acknowledgments which 

complete the task providing signals of understanding. 

It also appeared that gaze behaviours at turn-takings was tightly linked to these categories of 

utterances. 

    Thus the speaker looks at the listener to check whether he understands what he’s saying. 

The listener uses his gaze to give some punctual feedbacks, to show that he is attentive and 

that he understands what the speaker says.  

So, gaze is use as a signal of understanding. 

    Subjects often look at their partner when they finish an instruction or a request; it can be to 

check whether the information is grounded or not, but it can also be a turn-taking signal to 

indicate that the speaker is now waiting for an answer from his partner. So, gaze obviously 

has a role in the regulation of turn taking. 

    People tend to look at their partner at the end of their utterances to signify that they have 

finished speaking and that the partner can take the floor. On the contrary, they tend to look 

away at the beginning of utterances to signify that they are taking the floor and they don’t 

want to be interrupted, and also to prepare what they are going to say. 

 

This work pointed out that gaze is not randomly distributed during human-human interaction. 

It is regulated in time according to who is speaking or not so that both subjects feel 

comfortable and have more information about the progress of the task; gaze is used as a signal 

of understanding, of attention, and of turn-taking. 

 

Eye-tracking 

 

The eye-tracker is a reliable device to collect and quickly process gaze data. Nevertheless, 

some improvements can be brought to the Matlab program to discriminate real pauses (> 

250ms). But overall, the results are satisfactory in the case of the Map Task and the 

hypothesis about the blinks is quite reliable.  

 

It would be interesting to study the behaviour of data in a conversation where there is not an 

object of interest, like the map in the Map Task; in that case, to avoid increase in the level of 

arousal, people would tend to look away, but not necessarily in the tracking field. So the loss 

of tracking would be more frequent and the delay of the eye-tracker could become significant. 

 

 

6.3 Future work 

 

 

In order to obtain further information about the proportion of time looking at the other, 

another experiment could be done in different conditions as the constraints of the Map Task 

seem to have influenced the results. This new experiment could also be a way to check the 

behaviour of the eye-tracker data in other conditions. 

The findings of this work could lead to the elaboration of a model of appropriate gaze 

behaviour which could be implemented on avatars. The model could use the statistics found 
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for the different proportion of time spent gazing at the other, the mean length and frequency 

of glances. 

Furthermore, the model could take into account the boundaries of utterances for the regulation 

of turn-taking. 

This part would be quite easy to implement. The problem is more complicated for the 

detection of the type of utterances. The system would have to recognize first the type of 

utterance in order to adopt the appropriate gaze behaviour. 

So, some future work could be the implementation of a spoken dialog system which follows 

all the rules pointed out in this thesis and then the evaluation of this model to check whether 

the gaze behaviour of the model is appropriate or not. 
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A  Example of maps used in the Map Task (giver and follower) 
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B  Extract of a dialogue transcribed according to the HCRC 

coding scheme 
 
Dialog conv1 
g=a1 f=a2 
map=14 (++3) 

      

  GIVER   FOLLOWER 

        

Move 1 Ready Alright…     

Move 2 Instruct So, from the start, you have... 
to go under the diamond 
mine 

    

   Move 3 
Acknowledge 

uh-huh 

Move 4 Instruct …and then on the right until 
the graveyard. 

   

   Move 5 Check The carved stones ? 

Move 6 Reply-n No     

Move 7 Clarify The graveyard    

   Move 8 Explain Oh, I don't got a graveyard 
here. I got a… I got a carved 
stones at the upper part and 
then I got [the ravine](1) 

Move 9 
Acknowledge 

[Oh yeah !    

Move 10 Clarify between bet](1)ween the 
carved stones and the 
diamond mine 

   

   Move 11 Explain I haven't got a diamond mine. 
I've got a ra-ravine. 

Move 12 Check You don't have a diamond 
[mine](2) ? 

   

   Move 13 Reply-n [No 

   Move 14 Explain I](2) got carved stones, 
ravine, and then indian 
country. (coughs) 

Move 15 Ready Alright !    

Move 16 Instruct So, from the start,    

   Move 17 
Ackonwledge 

uh-huh 

Move 18 Instruct You have to go down.     

   Move 19 Check To the diamond mine ? 

Move 20 Check You don't have any diamond 
mine ! 

   

   Move 21 
Acknowledge 

Oh yeah ! 

   Move 22 Clarify I went to the di-- Sorry, I went 
to the diamond mine. 

Move 23 
Acknowledge 

Alright !    
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C  Interface of Wave surfer with the label files (gaze, dialogue and 

utterances) 
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D  Creation of the “gazevector” using Matlab and the eye-tracker 

data 
 

 

 

 

 

% Rescaling of timestamp 
 
alpha = 0.9976; 
X=dlmread(gfile,'\t',15,0); % extraction of the eye -tracker data 
time = alpha*X(:,1) + cte*ones(length(X(:,1)),1); 
timeg= time/1000; 
 

% Creation of gazevector 
 
gaze=0; 
gazevector=zeros(R,1); 
val=zeros(R,1); 
 
for i=1:R 
    if (X(i,3)==-1024)||(X(i,4)==-768)% lost tracks  
        val(i)=gaze; 
    else 
        val(i)=X(i,4); 
    end 
end 
 
for i=1:R 
     
    if val(i)<gaze 
        gazevector(i)=1;%gaze at other 
    else 
        gazevector(i)=0;%no gaze 
    end 
end  

% Detection of the blinks 
 
gv=gazevector; 
i=2; 
 
while i<=(length(gazevector)-7) 
    if gazevector(i)==0 
                    
if(gv(i1)==1)&&((gv(i+7)==1)||(gv(i+6)==1)||(gv(i+5 )==1)||(gv(i+4)==1)||  
(gv(i+3)==1)||(gv(i+2)==1)||(gv(i+1)==1)) 
             
            gv(i:i+6)=1; 
            i=i+7; 
        else i=i+1; 
        end 
    else i=i+1; 
    end 
end 
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E  Comparison between the two label files concerning gaze  
(above: eye-tracker data, down: video recordings data) 
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