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ABSTRACT 

Motivated by and grounded in observations of eye-gaze 
patterns in human-human dialogue, this study explores 

using eye-gaze patterns in managing human-computer 

dialogue. We developed an interactive system, iTourist, for 

city trip planning, which encapsulated knowledge of eye-

gaze patterns gained from studies of human-human collabo-

ration systems. User study results show that it was possible 

to sense users’ interest based on eye-gaze patterns and 

manage computer information output accordingly. Study 

participants could successfully plan their trip with iTourist 

and positively rated their experience of using it. We 

demonstrate that eye-gaze could play an important role in 

managing future multimodal human-computer dialogues. 
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INTRODUCTION 

Being “a window to the mind,” the eye and its movements 

are tightly coupled with human cognitive processes. The 

possibility of taking advantage of information conveyed in 

eye-gaze has attracted many researchers in human-

computer interaction [3, 11, 27, 29]. Most of the work in 

this area to date are in three interrelated categories: eye-

gaze as a pointing mechanism in direct manipulation inter-

faces (e.g. Ware [27], Jacob [11], and Zhai et al [29]), eye-

gaze as a disambiguation channel in speech or multimodal 

input (e.g. Tanaka [21], Kaur et al [12] and Zhang [30], see 

also Oviatt [16] for mutual disambiguation in general) and 

eye-gaze as a facilitator in computer supported human-
human communication and collaboration (e.g. 

Velichkovsky [24] and Vertegaal et al [25]). 

As a new step in utilizing eye-gaze in HCI, the current work 

is motivated by the following combination of propositions. 

1. The eye-gaze contains richer and more complex 

information regarding a person’s interest and intentions 

than what is used in pointing [29]. 2. Eye-gaze can be one 

of the critical channels in future multimodal systems. 3. 

Eye-gaze can be particularly useful in human-computer 

dialogue interfaces rather than direct manipulation 

interfaces. A particular challenge in developing computer 

dialogue systems lies in taking human-computer 

conversation beyond pre-defined scripts and adapting the 
conversation to the user’s interest. Sensing where and how 

the user’s eye-gaze moves when the dialogue subject is 

related to spatial content (such as maps) may provide 

contextual clues for the computer system to start and 

manage a dialogue with the user.  

GAZE PATTERNS IN HUMAN-TO-HUMAN DIALOGUE 

To investigate whether and how eye gaze can be used in 

managing multimodal human-computer dialogue systems, 

we first studied human-human conversation as a foundation 

of the current research. Previous work on the relationship 

between eye gaze and conversation mainly focused on 

patterns in face-to-face conversation concerning issues such 

as when and how long people look at each other [13, 26]. In 
conversations involving visual spatial information, such as 

a map, people spend most of the time looking at the spatial 

information rather than their partner [2].  

In order to form a more direct foundation to our current 

work on using eye gaze to mediate human-computer 

dialogue, we developed and experimented with a system, 

RealTourist, which allowed a tourist to talk to a remote 

tourist consultant to plan a conference trip. The tourist and 

the consultant saw the same map displayed on their 

monitors respectively. On the consultant’s side the system 

also superimposed the tourist’s eye gaze onto the map, so 

the consultant could use it to determine the tourist’s 
interests. In an experiment that involved 12 tourists and two 

tourist consultants, the tourist’s eye gaze in relation to the 

trip planning conversation were collected, inspected, 

annotated, visualized, and analyzed. For more details of the 

RealTourist study and its related literature, see [17].  

The RealTourist experiment can be viewed as a simulated 

(“Wizard of Oz”) human-computer dialogue study. The 
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results clearly showed that when conversing with another 

agent about spatial information the user’s eye movement on 

the map was tightly coupled with the dynamics of the 

conversation. Various functions of the eye-gaze were 

identified in the study including implicit deictic referencing, 

interest detection by the consultant, bringing common focus 
between the tourist and the consultant, increasing redun-

dancy in communication, and facilitating assurance and 

understanding.  

In particular, the study revealed two types of eye-gaze 

patterns related to a person’s interest in an object on the 

screen (e.g. a hotel, a restaurant etc). Two patters indicated 

interest in the current topic of the conversation. One of 

these was that the person looked at the object with high 

intensity and long accumulated duration. Sometimes a 

person exclusively looked at a place (e.g. a museum) on a 

map and its photo when intensely interested in it. In the 

second pattern that indicates the tourist’s interest in the 
current topic of conversation, the tourist not only looked at 

the object of the topic (e.g. a hotel), but also at objects that 

were related to the current topic in some way. For example, 

when considering a particular attraction, e.g. the Museum 

of Modern Art, the person might look back at his or her 

hotel location to figure out the distance relationship. In this 

pattern, the person often returned the eye gaze to the object 

that was the focus of the conversation (focus object). 

Similarly, disinterest could be characterized by two 

different eye-gaze patterns. The first was to completely 

leave the focus object, and when the person found a new 
object, he or she asked about the new object almost imme-

diately. The second pattern was similar, however here the 

person did not immediately ask for the new object. Instead 

he or she kept an eye on the new object by returning the eye 

gaze to it while continuing to explore new possibilities until 

there was an opportunity to change the topic of the conver-

sation to the new object.  

We have also found a gaze pattern indicating interest in the 

relationship between two objects. Before and while people 

asked for the distance between the focus object and another 

object, they switched the eye gaze between the focus object 

and the other object frequently. 

In addition to the RealTourist study, the current research is 

also based on conclusions from other gaze and speech 

studies in different but relevant settings. One of them is that 

when exposed to a visual stimulus and asked to talk about 

or listen to a story about it, people tend to look at the part of 

the stimulus that is relevant to the discourse. For example, 

Cooper found that people look at objects that are relevant to 

what they listen to [5]. In his study when participants heard 

the word “lion,” they looked at the lion in the picture. When 

they heard the word “Africa,” they looked at the lion, the 

zebra and the snake. Later work has shown that the latency 
from the onset of the word referring to a specific object and 

when the eye looks at the picture of it is around 400-800 ms 

[1, 22, 23]. When people refer to an object, they look at an 

object around 900 ms before they refer to it [8].  

ITOURIST – AN EXPERIMENTAL SYSTEM  

To explore if eye-gaze information can provide useful 

information to multimodal dialogue systems, we developed 

an experimental tourist information system, iTourist, based 

on some of the findings summarized in the last section. 

iTourist provides the user with tourist information about an 

imaginary city, Malexander, in the form of a map and 

photos of different places. Information about the different 

places is presented by pre-recorded, synthesized speech. 
iTourist attempts to adapt its information output based on 

the user’s interests and needs analyzed from the user’s eye-

gaze pattern. Although our ultimate goal is to make eye 

gaze an integrated channel of multimodal systems including 

speech, gesture, and eye-gaze, iTourist was developed as a 

stress test to investigate how much information can be 

gained from a user’s eye-gaze alone. iTourist does allow the 

user to use a mouse, but only as a backup channel when 

necessary (Figure 1). 

 

Figure 1. User in front of iTourist. 

iTourist contains information about 36 places shown on a 

map, including hotels (10), restaurants (10), attractions (8), 

nightclubs (5), a conference centre, a bus terminal and a 

tourist information office (Figure 1). Each object has a 

number of spoken utterances (6 for each hotel or restaurant, 

9 for each attraction) and images (5 for each hotel or 

restaurant, 8 for each attraction). When displayed, the 

images are connected with the place’s location on the map 

with an arrow line. Synchronized with the changing photos 

displayed, the information utterances (sentences) for each 

place are played in a pre-defined order. After the last utter-
ance a sound (a chime) is played to indicate the end of the 

information about the particular place. We found that it was 

difficult for the user to look at the same still image for an 

extended period of time, even if the user was interested in 

the place. We hence designed multiple images for each 

place that switched with new sentences. The content of the 

images reflects the content of the speech, e.g., when 

iTourist talks about the exhibition at the Royal Palace, it 

also shows the photos from the exhibition. 

In addition to the information about each place, iTourist 

also contains distance and transit information between all 
places. It describes distance by walking time (minutes). If 

the walking distance is greater than 30 minutes, it gives bus 

transportation information instead. Simultaneously with a 



distance utterance, a line connecting the two places is 

shown on the map.  

In total, 1618 utterances are included in iTourist, including 

234 information utterances, 122 transit utterances, 1261 

distance utterances, and one generic error message. In addi-

tion, a spoken introduction to the city is also included. This 
text is spoken by iTourist when it starts up to give an over-

view of the city. All the utterances were pre-synthesized by 

the Festival Speech Synthesis system and made into wave-

files. 

The users’ eye-gaze was tracked in iTourist by a Tobii Eye 

Tracker 1750 running on a server. iTourist communicates 

with the eye tracker server via TCP/IP. Eye-gaze data is 

received from the eye tracker at a rate of 50 Hz. All 

functions in iTourist are implemented in C++. 

iTourist allows the user to interact with it solely based on 

eye-gaze patterns, except when the user wants to commit to 

a place for booking or for a visit. This is done by clicking 
the left mouse button. iTourist marks the place and writes 

its name at the bottom of the screen as a reminder. 

Based on the insights and patterns identified from the 

RealTourist study, we designed and implemented iTourist’s 

architecture and algorithms (Figure 2). In iTourist, all 

objects (places) maintain two basic variables: the Interest 

Score (IScore) and the Focus Interest Score (FIScore). 

Based on these two variables of all objects, the Event and 

Interaction Manager (EIM) in iTourist determines what, if 

anything, to talk about with the user. The object that 

iTourist currently talks about is called the active object. . 
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Figure 2. iTourist System structure 

Modeling User Interest  

At the core of iTourist is user interest detection. Although 

iTourist aims to be general enough for tourist information 

systems of its kind, it makes some assumptions about the 

nature of the information the user looks at and how a 

dialogue progresses in this type of situation. It assumes that 

the conversation is object-based and these objects are 

related to one another by category (e.g. hotels), location, or 

a task-dependent relationship, e.g. hotels and conference 

centre. 

The two variables, IScore and FIScore, of each object 

represent the user’s interest level in the object as an active 
object and inactive object, respectively.  

IScore 

IScore is used to determine an object’s “arousal” level, or 
the likelihood that the user is interested in hearing about it. 

Its basic component is eye-gaze intensity (p), defined by 

accumulated gaze duration on the object (TISon) in a moving 

time window (TIS). The moving time window ensures that 

measured p reflects the user’s current interest. 
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where TISon is the accumulated time on the object within 

time window TIS, and TIS is the size of the moving time 

window.  

Critical to our design is that the intensity variable p is 

modified by other factors related to user interest. Some of 

these factors inhibit the object’s excitability and others 
increase it. These factors are collected into one variable α, 

which is used to adjust the gaze intensity residual (1-p): 
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where pis is the arousal level of the object (i.e. IScore) and α 

is the excitability modification. The value of pis is between 
1 and 0, and the value of α is between -1 and 1. A negative 

α inhibits the IScore, while a positive α excites the IScore. 

If no other factors than the accumulated time on the object 

exist, then α is equal to zero and the IScore would solely be 

dependent on the eye-gaze intensity. 

Based on our observations from the RealTourist study 

summarized earlier, the iTourist system uses four factors in 

an object’s excitability modification in the following 

manner (Figure 3): 
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where αf is the frequency of the user’s eye gaze entering 

and leaving the object; αc is the categorical relationship 

with the previous active object; αs is the relative size to a 

baseline object; and αa records previous activation of the 
object. cf, cc, cs and ca are constants empirically adjusted. 

The frequency of the user’s eye gaze entering and leaving 

(αf), identified as one indication of a user’s interest in an 

object in the RealTourist study, was calculated over a time 

window, Nf. Nf can be viewed as the “memory span” of an 

object:  
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where Nsw is the number of times the eye gaze enters and 

leaves the object, and Nf is the maximum possible Nsw in the 

set time window.  

The categorical relationship with the previous objects (αc) is 

currently treated as binary; either the object is of the same 

category as the previous one, or not (although fuzzy 

membership is also possible in principle). The user is more 

likely to be interested in the same category before he/she 
finds a solution (a hotel, a restaurant) that matches his/her 

criteria in that category. When the user has committed to a 

place, he or she is not as likely to be interested in objects of 

the same category. For this reason, the value of ac can be 

either +1 (when the category of the current object matches 

the previous object), 0 (no match), or -1 (when the category 

of the current object matches any of the committed objects). 

This modification factor is particularly task-domain 

dependent. It models the regularity in the trip-planning task. 

The interest detection algorithm was targeted at a map-

based application. On the map, most places (objects) have 
the same sizes (implicit bounding box, shown in Figure 4). 

However, there are a number of larger objects, such as 

attractions. Since the data from the eye tracker is not noise-

free, the larger objects have a higher probability of being hit 

by random noise. The excitability of objects is therefore 

adjusted according to their size: 
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where Sb is the area size of the common objects which are 

also the smallest, and S is the size of the current object. α
s
 is 

0 when S is the same as Sb. Otherwise it is negative, and 

therefore inhibits large objects’ excitability. 

 

Finally, if a place previously has been active, it is not very 

likely that the user intends to activate it again. This is the 

last component of α, defined by αa. Previous activation of a 

place should inhibit its excitability. αa is -1 when the place 

has been activated and 0 when it has not been activated.  

Our approach in modeling IScore is prescriptive, encapsu-

lating many of the behavioral patterns observed in our 

RealTourist study. It is easily extendable to other factors 

that can influence an object’s excitability. For example, 

user preferences of the responsiveness of the system could 
be added as a fifth factor to α. This approach can be made 

more sophisticated in the future. For example, the relative 

weights of the factors constituting α could be updated with 

machine-learning algorithms to better adapt to the user’s 

behavior.  

As soon as the IScore of an object moves above a set 

threshold, the object is qualified to become the active focus 

of dialogue, pending the Event and Interaction Manager’s 

control. 

FIScore 

FIScore measures how the user keeps up his or her interest 

in an active object. The FIScore is similar to IScore in that 

the base component of FIScore is the intensity of the user’s 

eye-gaze on the object. However it only involves one other 
factor, which is the eye-gaze intensity on all related objects 

during the same time window. A weight constant cr makes 

sure that the intensity of related objects contributes less 

than the intensity of the active object to the FIScore: 
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where Ton is the accumulated time on the active object 

within time window TF and Tron is the accumulated time of 
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Figure 3. How the measured gaze intensity is filtered by other 

factors to finally form the IScore 

Photo of Aquarium

Sushi Nippon

Figure 4. iTourist map, shown here with superimposed 

object bounding box and eye-gaze fixation trace



all related objects within time window TF. Objects were 

considered related if their location was close to the active 

object, or if they were on the list of objects the user had 

committed to. In addition, all hotels had the Conference 

Centre as a related object. Objects with the same category 

as the active object were not considered related in 
calculating the FIScore, although they could be located 

close to one another. This allowed the user to easily switch 

between, for example, different hotel alternatives. 

When an active object’s FIScore dropped below a set 

threshold, the object could be deactivated by the Event and 

Interaction Manager. 

Interest in distance relation 

Eye-gaze patterns can be used not only to detect interest in 

an object, but also to detect interest in the relationship 

between two objects. We observed in the RealTourist study 

that when judging distance, the tourist switched back and 

forth between two places on the map. We use this eye-gaze 

pattern as the basis for iTourist to give information about 

the distance between two objects. However, looking back 
and forth between two objects is a relatively common eye-

gaze pattern. It does not always indicate an interest in 

distance. One restriction imposed on iTourist in this regard 

is that distance information can only be triggered between 

the active object and another object. This assumes that the 

user is only interested in how other objects are located in 

relation to the currently active object.  

The specific distance interest detection algorithm involves 

an object memory that sequentially stores objects being 

recently fixated on by the eye-gaze. The algorithm checks 

transitions between these objects in the memory store. If a 
pair of objects (one of them has to be the current active 

object) with two or more transitions between them is 

identified, iTourist will utter the distance between them to 

the user. If more than one pair exits with two or more tran-

sitions, the distance between the pair with the highest 

number of transitions is uttered.  

Once the distance information is presented to the user, we 

found that the user tends to gaze back and forth between the 

two objects, which may result in a loop of distance infor-

mation. For this reason, our system keeps track of the 

history and suppresses the immediate second occurrence. 

System Tuning 

The coefficients in the iTourist algorithms were tuned by 

testing with the authors and five pilot participants. They 
were first set at the most plausible values according to the 

relative importance of each factor and then modified during 

pilot testing. 

The IScore window (TIS) was set to 1000 ms. The activation 

threshold for IScore was set to 0.45. This means that if the 

IScore was only influenced by the time the user looked at 

an object, the user needed to look at it for 450 ms to trigger 

it.  

The FIScore window (TF) was set to 2000 ms. This makes 

the FIScore slightly more conservative than the IScore. The 

FIScore threshold was set to 0.22. The weight (cr) on 

related objects’ accumulated time in TF was set to 0.3. 

When the user only looked at related objects and not the 

active object, he or she needed to look at related objects 
longer than 1466 ms (within the 2000 ms window) to keep 

it active.  

Dialogue Model 

The algorithms for calculating IScore, FIScore, and interest 

in distance between two objects are based on a certain 

implicit dialogue model the users follow in the tourist 

information domain. In addition iTourist also models the 

order of information presented.  

Each place has a number of sentences iTourist can speak. 

When an object becomes deactivated and reactivated again 

within one minute, the Event and Interaction Manager will 

continue from where it stopped. If the object is deactivated 

for more than one minute and re-activated, the Event and 

Interaction Manager will start from the first sentence.  

When an object becomes active, the first utterance depends 

on the last active object. When the last active object is 

related to a newly activated object, iTourist plays a transit 

utterance. For example, if the user listens to information 

about the Royal Palace and then changes interest to the 

Museum of Modern Art, iTourist starts out saying: “The 

older art collection at the Royal Palace can be 

complemented with more modern art at the Museum of 

Modern Art” before giving the regular information about 

the museum. 

When ITourist finishes talking about an object that is still 
active (FIScore above deactivation threshold), it will repeat 

the same information from the start.  

Event and Interaction Manager 

The Event and Interaction Manager (EIM) manages the 

state of the whole system based on the states of all 

individual objects. Figure 5 illustrates the basic logic flow 

of the EIM. 

The states of the individual objects are evaluated each time 

new eye-gaze data arrives from the eye tracker. EIM starts 

out to check if there is a current active object. If there is no 

active object, EIM finds the object whose IScore has passed 

the activation threshold. It activates that object and starts to 

play its information (visual images and speech).  

If there is an active object, EIM first checks if the object is 
currently playing information (i.e. in the middle of a 

sentence). As long as the object plays information, it stays 

active. When the object is active and is not playing infor-

mation, EMI determines if the object should play new 

information or if it should be deactivated by checking if the 

object’s FIScore has dropped below the deactivation 

threshold. This procedure enables iTourist to make graceful 

endings with the spoken output. 



Figure 5. Event and Interaction Manager logic flow 

When the active object’s FIScore drops below the deactiva-

tion threshold, EIM deactivates it. EIM then checks if there 

is any object whose IScore has gone above the activation 

threshold. If there is more than one object, EIM chooses the 

object to which the user most recently looked. 

Mouse events can also trigger transitions from the inactive 

state to the active state, or change the currently active 

object. In this case the IScore or the FIScore does not need 
to be reached the thresholds for activation/deactivation. 

EIM processes the mouse events as soon as they are 

received. This means that iTourist can be interrupted in the 

middle of the sentence with a mouse click. 

RELATED WORK 

Although not all in the context of managing human-

computer dialogue, there have been several previous 

attempts at detecting users’ interest based on patterns in eye 

gaze. Most of them have been focused on text reading or 

target selection with eye gaze.  

Detecting gaze patterns in text is often used to identify 

words that a user has difficulty with. One example of this is 

the Reading Assistant by Sibert et al. [19]. It pronounces 

words the user looks at for longer than a predefined 

threshold. Another popular topic is dictionaries, such as 

iDict by Hyrskykari et al [9, 10]. iDict decides which 

word’s translation is displayed based on the eye-gaze dwell 

time. A different application using word detection from 

gaze patterns is SUITOR by Maglio and colleagues [4, 15]. 
SUITOR identifies content words and displays information, 

such as news, relevant to these words. 

Gaze patterns have also been used to make selection with 

eye gaze more accurate. Methods for selection have been 

developed to fit a context; for example, Salvucci [18] devel-

oped a method for eye typing based on gaze patterns and 

language models. Gaze patterns have also been used for 

identification of an object [14], and for performing actions 

such as zooming [7]. Edwards [6] presented an algorithm 

that attempts to distinguish if the user is merely looking 

around, or wanting to select a target. The goal of this 

algorithm was to avoid the Midas touch problem in eye-
gaze selection. 

The methods for detecting gaze patterns used in previous 

work range from relatively simple accumulated time on 

target [19] to more sophisticated statistical models [18]. All 

of these methods include additional processing of the gaze 

data in addition to locating where the user is fixating. For 

example, all the methods detecting gaze patterns of text use 

algorithms to detect which line the user is currently reading. 

The additional processing of the eye-gaze data is specific to 

the purpose of the system and the type of visual information 

the users look at. This also means that only parts of the 
methods can be transferred to other domains. 

The work that is most similar to the present study is by 

Starker and Bolt [20]. They used users’ eye-gaze to modify 

a story told by a narrator. Starker and Bolt proposed three 

methods for measuring users’ interest in particular objects. 

Model 1 essentially used the accumulated time on an object. 

In the two other models, the interest level raised when the 

user looked at an object and decayed when the user looked 

away from the object. The two latter models emphasized 

the user’s most current interest while the first model 

emphasized the whole history of interest in an object. 

Starker and Bolt did not use a variable (as our FIScore) to 
determine if the user had lost interest in the current object. 

Instead they used “a low-end cut-off point of the sample 

standard deviation of item interest levels” (p. 8). The reason 

to use this procedure was that the next topic was decided 

based on which object had the highest interest level. 

Another weakness with the three different methods for 

calculating the interest levels was that they were never 

formally tested with interactive users. Starker and Bolt 

reported that the three algorithms were tested with pre-

recorded eye-gaze patterns and simulated eye gaze by an 

“eye cursor.” They noted that “differences in the narrative 
behavior showed up between the three models” (p. 8), and 

that model 3 talked longer than model 1. Several factors 

limit Starker and Bolt’s model to more complex systems 

such as iTourist, which can also keep up the activation of an 
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object based on the user’s eye-gaze on related objects. 

Another difference is that while Starker and Bolt’s method 

might be suitable for a narrative purpose, it was not 

designed to handle a more interactive human-computer 

system like ours.  

USER STUDY OF ITOURIST 

Although iTourist is still at a preliminary stage of technical 

development based on relatively simple algorithms, it is 

important to test if our goal of making eye gaze a channel 
of human-computer dialogue and if the iTourist approach 

based on observations from RealTourist study are feasible 

at all. We hence conducted a somewhat informal but 

realistic user study of iTourist.  

Design 

Twelve people, two women and ten men from twenty-seven 

to forty-one (median of 30.5) years of age, participated in a 

user study of iTourist. They had diverse cultural back-

grounds and eight of them spoke English as a second 

language. 

Their task was to plan a conference trip to the city 

Malexander. The task was made rather realistic. Various 

constraints such as hotel and meal limits were imposed on 
the trip. The participants were asked to find a hotel for 

lodging, a restaurant for a group dinner, one night club and 

enough attractions for a spare day on the weekend. They 

were encouraged to consider their own convenience and 

preferences in addition to price restrictions. They were also 

encouraged to explore the city, get a good idea of it, and be 

prepared to be quizzed later. 

A total number of fifteen persons volunteered for the study. 

Three of them were excluded for failing to comply with the 

instructions, having a high rate of lost eye-gaze data, or 

having difficulty in understanding the synthesized speech. 

Given that the focus of our study was not on the quality of 
eye trackers or speech synthesis, the exclusion of these 

three participants should not impact our conclusions on the 

feasibility of iTourist and the soundness of the principles it 

embodies.  

Procedure 

The experimental session started with an introduction to the 

study and eye-tracker calibration. The participant was 

encouraged to try to find the best position for the eye 

tracker (Figure 1). After that, the experiment proceeded to 

planning the trip to Malexander. After completion, the 

participants were asked a few questions about the city, and 

asked to fill in a post-test questionnaire. The session ended 

with a short interview in which the participants could 

comment on their experience of using iTourist. 

Performance of the eye tracker 

The performance of iTourist depended on the quality of eye 
tracking. On average, the twelve participants’ eye-gaze was 

missed by the eye-tracker 7.6% of the time (SD=3.14). The 

time period of missing eye-gaze was on average 86 ms long 

(SD=188.9). The longer periods of loss happened when the 

users read instructions on paper. In a total of six cases the 

loss of eye tracking caused iTourist to deactivate the current 

focus object.  

Results of eye-gaze pattern detection  

IScore  

As the core concept of eye-gaze interest pattern detection in 

iTourist, IScore worked well in the study. One 

measurement of its success was how often the users used 

the mouse to activate a place. Of the twelve users, only four 

ever moved the mouse to activate any object. One of these 
four users, User 4, used the mouse seven times. The other 

three used the mouse only once. On average the mouse was 

involved in only 3% of all object activation (SD=5.7).  

The time the users spent looking at a place before it was 

activated depended on which state iTourist was in. When 

the system state was inactive, iTourist rapidly detected the 

user’s interest in a new place. In this case the average 

activation time from the first moment the user looked at a 

new object to the moment iTourist started talking about it 

was 421 ms. Since IScore’s threshold was 0.45 and its time 

window was set at 1000 ms, factors other than gaze 
intensity such as category relationship, frequent revisit and 

activation history must have contributed to the excitability 

of some of the objects as planned. When the iTourist 

system was in an active state (talking about something), it 

took on average 1507 ms to switch the activation to another 

object. This delay was due to the fact that iTourist did not 

stop in the middle of a sentence.  

FIScore  

One user thought that iTourist stopped talking somewhat 

too early, suggesting that the FIScore’s (deactivating) 

threshold was too high for him. One measurement of the 

success of the FIScore algorithm was how many times a 

user reactivated a place immediately after it was 

deactivated. Analysis showed that there were 1.6 (SD=1.56) 
or 6.3% such cases per person or 19 in total of all 

participants. Four of these were caused by low accuracy and 

missed eye gaze data by the eye-tracker. Four others were 

preceded by a distance utterance. This kind of utterance 

often made the users look at the two places iTourist was 

talking about and hence caused more eye movements than 

regular utterances. The small number of prematurely 

deactivated places shows that the FIScore algorithm worked 

well in general. 

The fact that iTourist always had to finish an already started 

sentence was noticed by the users. On average, iTourist 

detected the user’s disinterest (or losing interest) in an 
active object 1.4 sec after the start of a sentence. Since the 

mean length of the sentences played by iTourist was 4.7 sec 

(SD=1.6), it means that often iTourist had to continue for 

another 3.3 sec (mean) to finish its sentence, despite  

“knowing” the user was no longer interested in the object it 

was talking about. Some participants commented on this, 



but also stated that it would be odd if iTourist cut itself off 

before finishing a sentence.  

In the post-test questionnaire, the participants were asked 

two questions regarding interest and disinterest detection: 

how often iTourist talked about a place they were not 

interested in (false alarm), and how often iTourist did not 
talk about places they were interested in (misses). The 

rating distributions on these questions are shown in Figure 

6. They indicate that the algorithms were not always 

successful, but in general were well received. Most of the 

false alarms were related to distance relation detection. 
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Figure 6. Users’ rating on false alarms and misses 

Distance relation detection  

The distance interest detection in iTourist was probably 

most naïve. It was also the most difficult to handle. Users’ 
reaction to it varied from person to person. Some were 

apparently not aware of it (even though the function was 

mentioned in the written introduction). One, User 13, made 

the following suggestion: “If you looked at a couple of 

different things and then it could draw some connection 

between them… Like if you looked at a hotel and you 

looked at a nightclub and then…you might be wondering 

whether it was easy to get from the hotel to the nightclub 

and then it could talk about how you can get to one from 

another.” What he suggested was, in fact, how iTourist 

worked in distance relation detection. Sometimes the 
distance information clearly failed to match the user’s need 

or natural expectation: “It apparently tries to make a 

connection for you when you go to something close by and 

it says, oh, this is five minutes away. No, I don’t want to 

know that; I want to know what’s there” (User 6). “I do like 

it [the distance information] although I didn’t seem to be 

able to control it. It wouldn’t do it on my will. It would only 

do it randomly” (User 12). “It is clear that it had something 

to do with when you looked at one thing and then the other, 

but I couldn’t figure out that I had to look back and forth” 

(User 6). 

Other users took advantage of the distance interest detec-
tion. “Actually, when I looked at a restaurant, the distance 

between the hotel and the restaurant appeared. That is very 

nice. It was the kind of information that I wanted to know” 

(User 11) 

One of the users listened through 18 distance information 

utterances. On average, each user listened to 7.2 distance 

information utterances (SD=4.5), of which 1.2 utterances 

were repeated (SD=1.4). The distance information 

contributed to, on average, 30.6% (SD=18.01) of all the 

sentences played by iTourist. 

Overall Results: Acceptance and Impression of iTourist 

The most remarkable evidence of the system’s success was 

that all of the participants completed their tasks with 
iTourist. Only three users had minor deviations from the 

stated rule of checking price information of some of the 

restricted choices (two restaurants and one hotel), although 

all these three cases were in fact within the set price limit. 

Considering it was the same trip planning task as in our 

previous RealTourist study that involved a remote human 

“Tourist Consultant” on the line busy looking up informa-

tion and talking about places in natural language, this is 

quite encouraging for the role that eye-gaze may play in 

human-machine communication. 

The participants spent between 5:15 minutes and 13:50 
minutes (average 8:27 minutes, SD=2:34) using iTourist to 

plan their trip. They looked at, on average, 16.6 (SD=3.6) 

places and listened, on average, to 82.4 utterances 

(SD=2.3). For each place they looked at, on average they 

listened to 3.8 utterances (SD=1.2). The post-test interview 

showed that they had a correct impression of and clear 

motivation to visit the places they had learned about. Many 

of the users enjoyed using iTourist; one of the users 

expressed a wish to visit Malexander. In the post-test 

questionnaire, the iTourist average was a 3.9 (SD=.79) 

rating on a 5-grade scale (5 the best rating and 1 the worst). 
Figure 7 shows the distribution of the twelve users on the 

question as to how well they thought iTourist worked. In 

the post-test interview the users gave overall quite positive 

comments about iTourist. 

“I thought it was pretty convenient…the idea is really 

cute... like you look at something and it pops up this infor-

mation bit” (User 7). 

One of the design goals of iTourist was to utilize natural 

eye-gaze movement determined by the task as implicitly as 

possible. In the actual tests users were clearly aware of the 

role of their eye gaze, as indicated by the comment above. 

As to whether they have to consciously control the system 
with their gaze (see our previous discussions on avoiding 

eye-control [28, 29]), four of the twelve participants felt 

they had to “stare at” an object at least once. Usually this 

happened when iTourist was in the middle of a sentence, 

but the participant wanted to move on. Overall, most 

participants felt that it was quite natural to use iTourist 

without being too conscious of their eye gaze. This is 

evident in the following comment.  

 “Overall, I would say that it is a nice program, very cool, 

and you get to know quite a lot when you listen and you 

look everywhere and you get quite a good feeling of what 



you want to do quite fast --- I think this was a really cool 

program. I mean, it tracks down what you think and what 

you want to do.” (User 10) 

“Actually, I think it is pretty good. It does get my attention. 

It doesn’t bore me or annoy me. I think I like it. I’m quite 

impressed how it correctly interprets my attention to talk 
about places that I’m interested in.” (User 11) 

“I liked it. It worked pretty well.” (User 12) 

“This is the best experience that I ever had with eye 

tracking.” User 15 

Some of the users wanted to have more interaction 

capabilities in iTourist, although they realized that the 

system was pushing the limit with only eye gaze as the 

input method. 

“I think for now when it doesn’t have back channel [from 

the user to iTourist] it works all right; you cannot do any 

better.”(User 8) 

Apparently, there were cases where iTourist talked about 
places the participant did not consciously want to know 

about. Some of the users enjoyed a certain degree of 

“randomness” from iTourist and did not describe the 

experience as being “out of control”.  

“Actually, the sushi [restaurant] just came up. I didn’t look 

at it consciously. It just happened to pop up. I actually like 

that. It’s nice that it can give you information when you 

browse over the map.” (User 7) 

Preference for responsiveness differed from one individual 

to another. Some of the users felt iTourist, with its current 

parameter settings, was too sensitive, while others enjoyed 
a high degree of responsiveness. Adapting to individual 

users’ preferences appears to be a critical factor for the 

success of future multimodal information systems that use 

eye gaze. 

DISCUSSION AND CONCLUSION 

Motivated by and grounded in observations of eye-gaze 

patterns in human-human dialogue over spatial content, we 

explored the use of eye-gaze patterns in managing human-

computer interaction. In contrast to previous HCI works on 

eye-gaze that have primarily focused on direct manipulation 

user interfaces, this research targets the human-machine 

dialogue type of interaction. We envision future multimodal 

HCI systems with eye gaze as a critical contributing 

channel. Towards that goal, we developed a system, 
iTourist, that encapsulates knowledge gained in a previous 

study on a computer-mediated, human-human collaboration 

system (RealTourist) for city trip planning. iTourist 

provides information about a city to a user based solely or 

primarily on the user’s eye-gaze patterns. The results show 

that eye-gaze can indeed play an important role in 

managing human-computer dialogue. In this study, by eye-

gaze information alone the system could manage its visual 

and audio (speech) output and help users to plan an entire 

trip to a city, including finding hotels and restaurants within 

price limits and to the user’s liking in terms of distance, 
location and preferences. It is remarkable that the “tourist 

consulting” task, quite demanding on the part of a real 

human operator in attending the tourist’s eye-gaze, hearing 

what he or she asks about, looking up information, and 

telling the user relevant information [17], could be 

accomplished by iTourist successfully. The overall 

reactions of the users to iTourist were quite positive. On the 

other hand, although it is not as flexible as interactive 

storytelling previously researched with eye-gaze tracking 

[20], trip planning is a more tolerant task than many 

common HCI applications. A user is not likely to be very 
disturbed if iTourist talked about something he or she has 

no intention to learn about, which happens with human 

agents too.  

Our investigation also showed that the prescriptive 

approach to developing interaction algorithms based on 

observations in human-human communication, although 

relatively naïve, could work at least in a specific domain. 

Note that iTourist could be made to work with any city, as 

long as relevant information is given to it. 

Undoubtedly our approach in general and the iTourist 

implementation in particular are far from being mature or 

perfect. Eye-gaze pattern-based interaction systems, as any 
other recognition based systems, can produce both false 

alarms and misses. Some of these limitations can be over-

come by developing more advanced techniques such as 

statistical learning, but more importantly ambiguity can be 

dramatically reduced when multiple modalities are 

combined due to the mutual disambiguation effects [16]. If 

eye-gaze pattern alone in our stress test of iTourist could be 

successful most of the time, its role can be expected to be 

even more powerful when combined with other modalities 

such as speech recognition.  
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