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Abstract 
In the past few decades the role of computers has changed dramatically. Briefly put, the computer has 
advanced from being an exclusive and complex work tool to a ubiquitous and central communication and 
coordination tool. The mobile telephony, personal digital assistants and advanced watches, among other 
electrical devices, have introduced processors to a wider audience. The modern computing devices enable 
connections to be established between different devices and users, and hence profoundly change the 
conditions for devices and their users. The main issue here is the fact that the actual machines have not 
changed as dramatically as the environment they are being used in. The computers are more or less still 
created for working in isolation, lacking features for coordinating actions with other devices. As a result, 
many users struggle with organizing the devices that they use. This is where the attentive user interfaces 
may provide a solution. By using different techniques, such as eye tracking or registration of user presence 
and orientation, an AUI can infer knowledge about the user’s priorities in a task. The computing device can 
then use the information for estimating the quantity (volume) and timing of the communication with the 
user. [11] In this essay two popular techniques for collecting information about the user are presented; 
registration of gaze and speech activity. Both techniques have advantages, especially from the perspective 
of a disabled person. However, experiments show that gaze as well as speech at the present is insufficient 
as an input channel. Even though we normally use the eyes when interacting with a computer, the eye 
tracking must be considered relatively unreliable in this context. The complexity and spontaneity of eye 
movement is one main issue; inadequate tracking tools another. When it comes to speech control, 
insufficient speech recognition tools and algorithms are fundamental weaknesses. 
As long as these weak spots have not been attended to, the only way for getting a satisfactory result is to 
combine two or more of the input channels available. In this work several, so called, multimodal 
applications are presented. 
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1. Introduction 
This essay briefly covers the most current topics within the scientific field of attentive user interfaces 
(AUI). At the moment AUI is one of the most popular and central usability topics. As the number of 
devices in our environment increases and the traditional direct manipulation GUIs become insufficient, 
attentive user interfaces make it possible to reduce the workload and stress and hence increase the user 
satisfaction. By using a variety of new input, interpretation and output techniques, an AUI can gather 
information about the user as well as the environment, and on the basis of this information it can get an idea 
of the user’s preferences and intentions [11]. 

A general misconception concerning AUIs is that the fundamental idea of these intelligent interfaces 
is to minimize interruptions1. Rather, what distinguishes these intelligent interfaces is that they use the 
gathered information to estimate the best time and approach for communicating with the user. [7] Thus, 
attentive user interfaces must be aware of other connected devices’ activities and requests for the user’s 
attention. This complex approach requires information systems that are able to weigh the importance of the 
incoming information with the user’s priorities. [11] 

At the present time there are many different input and output channels available in addition to the 
more conventional ones (e.g. mouse, keyboard); none of which is perfect. Due to diverse strengths and 
shortcomings they must therefore be chosen on the basis of the context and the task. In the following 
chapters two of the most central input techniques, eye-gaze tracking and speech recognition, will be 
discussed. Focus lies on pressing issues within the specific research fields. A number of devices and 
applications that has implemented the techniques are presented to contextualize the facts.  

After discussing the particular techniques, the essay is concluded with a presentation of two 
attentive systems, a new video conferencing system – GAZE-2 – and a social mobile audio space, that use 
relatively simple but efficient techniques for making more natural and sociable interactions between people 
possible. 

2. Eye-gaze tracking 
Research on gaze tracking2 has so far mostly considered the possibilities to use the technique for explicit 
input, either as an alternative pointing device or for assisting conventional input devices, such as keyboards 
and mice, by acquiring information about the context. Kaur et al. mention four central reasons for using the 
eyes as an input source [4]: 
 

o The gaze location is the only reliable predictor of the locus of visual attention 
o Gaze can be used as a “natural” mode of input that avoids the need for learned hand-eye 

coordination 
o Gaze selection of screen objects is expected to be significantly faster than the traditional hand-

eye coordination 
o Gaze allows for hands-free interaction 

 
However, due to the limitations mentioned above3, gaze-tracking must be considered a relatively 
insufficient explicit input technique. Thus, focus today lies more on the idea of utilizing gaze tracking as 
implicit input in attentive systems. Since visual information plays an important role in conversations and 
interaction between humans as well as between humans and machines, gaze tracking must be considered an 
accurate and powerful element in the designing of attentive, sociable user interfaces. The visual modality 
more or less directly provides us with significant information about others, including their location, 
identity, focus of attention, facial expressions, body posture and general activity. Therefore, including gaze 
tracking in human-machine interaction systems most certainly implies enhancements. One essential 
advantage of visual input is that video-based sensing is relatively passive and discrete [10], as it does not 
require interaction with the user. In other words, eye tracking and other visual input channels are key 
factors in the development of non-intrusive, attentive interfaces and systems.  

                                                 
1 I have chosen to use “interruption” as a neutral word, since interruptions don’t necessarily have to be bad.  
2 Also referred to as eye tracking 
3 Discussed further in the following section. 
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2.1 Current issues 
Gaze tracking devices have already been available on the market for several years, usually for disabled 
computer users and for scientific experiments. These systems operate by sending an infrared light source 
toward the user’s eye. As mentioned before, so far gaze has primarily been used as an alternative pointing 
device for computer input (explicit input) or for enhancing orientation on the screen (implicit input). By 
tracking the gaze the system can estimate which area of the screen the user is currently focusing on, i.e. is 
interested in. The cursor is then moved to this particular area. As a result, the cursor movement amplitude is 
reduced. 
 Although the gaze tracking approach has a lot of advantages compared to conventional input devices 
as the mouse, e.g. regarding speed, there are also several limits to this method. Zhai et al. mention two 
essential shortcomings [15]. First, the limited size of the fovea (1-3°) and subconscious eye movements 
(saccades) limit the control performance of the eye. Considering these limits, it is more or less impossible 
to operate typical GUI objects, such as scrollbars, hyperlinks and slider handles merely with eye-gaze. 
Second, the eyes are not control organs. Eye movements are easily evoked by external events. This quality 
can cause unpleasant situation, where for example a session, e.g. selecting a button, is interrupted because 
the user unintentionally moved his eye. Kaur et al. [4] more specifically discuss why gaze is not an 
appropriate pointing device. Most importantly, there is no straight and natural analogy to the mouse 
buttons. The only straightforward way to interact by using your eyes is to blink or stare, but as mentioned 
before this approach is both difficult to learn and limited. For instance, there is no obvious way to “double 
click” or “drag” objects using your eyes. In addition, unlike the mouse, the gaze is always active.  
 Eye-gaze is however well suited as an implicit information source. Since the gaze is always active 
and the activities of the eyes are more or less unconscious, gaze tracking can be used for predicting 
attention without interrupting the user. This advantage has been addressed in the GAZE-2 video 
conferencing system presented in section 5.2.    
    

2.2 EASE Chinese Input 
The Eye Assisted Selection and Entry (EASE) system for Chinese text input is a good example of how gaze 
control can enhance human-machine interaction. By combining the gaze tracking input with the user’s 
manual action the robustness and reliability of the system is considerably improved. EASE is constructed 
for supporting pinyin type-writing input, an official Chinese phonetic alphabet based on Roman characters. 
There is one fundamental problem regarding this input approach; most Chinese characters are homophonic, 
which means that each syllable corresponds to several Chinese characters. Hence, when the user types the 
pinyin of a character, a number of possible characters with the same pronunciation are displayed, each with 
an identifying integer. The user must then choose one of these characters. Usually, this is done by pressing 
a number on the keyboard, which requires the user to look away. In other words the activity is interrupted. 
When using EASE, the user only has to press the spacebar as soon as he or she sees the wished-for 
character in the list. The system then selects the character closest to the user’s current gaze location. [14] 
 It is important to stress that the EASE Chinese Input system is not an attentive user interface, since 
eye-gaze and voice are used merely as explicit input channels. As described earlier, AUIs are characterized 
by their natural and unobtrusive manners. None of these aspects are met in the EASE system, even though 
the reduction of some interruptions, e.g. pressing buttons on the keyboard, makes the interaction somewhat 
more fluent. In this text the EASE system is primarily presented to illustrate the currently most common 
use of gaze tracking, as an additional and supporting input device. Later in this text a group video 
conferencing system that has implemented gaze tracking as implicit input, and thus can be referred to as an 
attentive user interface, will be presented.  

3. Speech recognition 
In recent years progress has been made in the field of speech recognition technology. The development has 
partly been triggered by the high demand for sufficient techniques, partly by advances in computing 
technology. Today speech recognition technology is integrated in for example telephony systems as well as 
in more general human-machine interaction systems. In spite of steady progress, some fundamental 
shortcomings in the technology have limited its use. 

The most central issue today is the error rate of speech recognition engines and how these errors can 
be reduced. A possible solution to this problem is to enhance the systems by including multimodal input 
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and output channels. Another essential matter is the effort required to port the speech technology 
applications between different application domains or languages.  

Concerning the speech recognition rate error there are two distinguishable trends. First, the 
recognition performance differs dramatically for noisy and clean speech data. Second, casual language 
gives much higher error rates than other types of speech. Deng and Huang suggests three additional 
directions for making speech recognition usable; improving the microphone ergonomics for improving the 
signal-to-noise ratio; equipping speech recognizers with the ability to learn and to correct errors and finally 
to add semantic4 and pragmatic5 knowledge. These suggestions are all vast and demanding. Since the 
existing speech recognition systems still are considered insufficient, they are usually combined with other 
input technologies to extend and broaden the input information. [3] 

4. Multimodal systems 
There are several reasons for choosing a multimodal interface design, some of which already have been 
mentioned in this paper. The fundamental goals of this approach are to achieve a more natural interaction 
between machines and their users, as well as to augment the robustness of the interaction by using 
redundant or complementary information [3, 6]. However, integrating more input channels to the computer 
does not necessarily mean that the performance of the system is improved. Rather, if implemented badly, it 
may result in intolerable obtrusiveness. A critical challenge lies in integrating these new channels of 
information with each other and with the user’s explicit input. Zhai defines the issue with the following 
words [14]: 
 

“We need to design unobtrusive, transparent and subtle turn-taking processes that coordinate 
attentive input with the user’s explicit input in order to contribute to the user’s goal without the 
burden of explicit dialogues.” 
 

One of the first projects where gaze tracking was integrated in a multimodal input system was the landmark 
multimodal system by Bolt. Bolt combined hand gesture, gaze and speech to select and manipulate objects 
on a large wall display. For selecting a specific object the user had stare at the object for a long enough 
time. Hence, gaze tracking was used as an explicit input channel. [4]  
 Since then, several attempts have been made to combine different input channels. As a consequence 
of the shortcomings mentioned above, gaze tracking and other modality input technique are usually used as 
assisting input events. In the next section two systems that in a similar way have implemented gaze as an 
explicit source of information will be presented.  

4.1 Existing multimodal systems 

4.1.1 Manual and Gaze Input Cascaded (MAGIC) Pointing 
MAGIC pointing is an interaction technique that utilizes eye movement to assist the control task as 
described above. There are different ways to approach this technique. Zhai et al. [15] have designed two 
MAGIC pointing techniques, one liberal and one conservative. The names refer to the methods for 
identifying the target and placing the cursor. The liberal technique is described in the following way: 
 

“The liberal approach is to warp the cursor to every new object that the user looks at. The user 
then take control of the cursor by hand near (or on) the target, or ignore it and search for the next 
target.”[15] 

 

                                                 
4 meaning 
5 application context 
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Figure 1: The liberal MAGIC pointing technique: cursor is placed in the surrounding area of a target that 
the user fixates on 
 
One possible problem with this technique is that the “waiting” cursor can irritate the user. On the other 
hand, the user might also be annoyed by the fact that the cursor moves every time he is looking at a target. 
The conservative technique has taken this issue into account: 

 
“The more conservative MAGIC pointing technique…does not warp a cursor to a target until the 
manual input device has been actuated.”[15] 

 

 
 

Figure 2: The conservative pointing technique with “intelligent offset” 
 
Once moved, the cursor appears in motion towards the target. The conservative approach has the advantage 
of not being “overactive”. The cursor never jumps directly to a target that the user does not intend to obtain. 
However, the approach may be slower than the liberal approach.    
 

4.1.2 EyeCOOK multimodal kitchen 
We all know that cooking sometimes can be challenge. A number of activities have to be carried out in the 
right order and the time aspect is important. Since cooking usually takes time, the activities are often 
interrupted by other [surrounding happenings], such as for example crying children or a ringing phone. 
EyeCOOK is a multimodal attentive cookbook that has been developed by Bradbury et al. to support the 
cook in these kinds of situations. The user (cook) interacts with the eyeCOOK system by using eye-gaze 
and speech commands. The system on its behalf responds visually and verbally. EyeCOOK operates in the 
way that when the user is in the range of the system’s eye tracker, the system replaces the object of the 
user’s gaze with the word “this”. Hence, when the user looks at a word in the receipt and utters “Define 
this.” the define operation will be triggered on the current gaze target. On the other hand, if the user’s gaze 
can not be tracked by the eyeCOOK system the user simply has to change the command to, for instance 
“Define simmer.” 
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EyeCOOK does not yet exist as a fully developed, commercially viable system. The aim is however that 
the system eventually will be able to adapt its actions and output based on a combination of the user’s gaze, 
proximity and the cooking context. By implementing these implicit multimodal features, many 
interruptions that usually occur during a cooking session6 can be avoided. Since the system has knowledge 
about the recipe it automatically knows the order (priority) of the activities to be carried out. The system 
must however be more flexible than that. The steps/activities are not always carried out in the right way. 
Hence, the adaptive cooking system must be able to adjust its operations to unexpected changes or 
deviations. In addition, it should be attentive to the state of the user. If the user seems to be stressed or if 
something else that requests attention occurs during the cooking session the cooking procedures may 
temporarily be slowed down or interrupted. Further, by adding temperature sensors and timers, the 
eyeCOOK system can easily control the cooking procedures without the direct interference of the user. [2] 
 

 
 
 

Figure 3: eyeCOOK in Page Display Mode 

5. Attentive user interfaces 
The multimodal systems presented above all have one thing in common; they are mainly based on explicit 
input. In other words, the user is fully aware of which input channels are being used (how to control the 
system) and actively interacts with the system. In other words the multimodal input is used as a direct 
alternative to the more conventional input techniques. In the EASE Chinese Input system, for example, the 
user uses his/her gaze to choose the intended character. In the same way the user of the eyeCOOK system 
has to command the system to define the word “simmer”. A fundamental issue concerning these systems is 
that they, even though the procedure from one point of view is simplified, actually cause interruptions since 
requiring active interaction interrupts the task. A more ideal solution is to implement implicit input 
channels that operate without disturbing the user. In this section two systems that are based on implicit 
input are presented. One concerns visual input, while the second system uses aural information.   

5.1 GAZE-2 
Gaze-2 is a new group video conferencing system that uses gaze-controlled cameras to convey eye-contact. 
GAZE-2 consists of a video tunnel that makes it possible to place cameras behind the participant images on 
the screen. To avoid visual parallax7, the system automatically directs the video cameras in this tunnel 
using a gaze tracker by selecting the camera closest to the user’s current focus of attention (gaze location). 
In the picture bellow the construction of the video conferencing system is illustrated.  
 
                                                 
6 Among other things a cookbook requires both visual and physical attention. 
7 Definition: The apparent change in location of an object due to the change in position of the observer. 
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Figure 4: Attentive video tunnel. To prevent parallax, an eye tracker mounted in a video tunnel selects the 
camera the user looks at for broadcast. 
 
The 2D video images of the participants are displayed in a 3D virtual meeting room and are automatically 
rotated to face the participant each user is looking at. This way, eye contact can be transmitted to any 
number of users with only one video stream per user. 
 
 

 
 
Figure 5: GAZE-2 session with four users. Everyone is currently looking at the left person, who’s image is 
broadcast in a higher resolution. Frontal images are rotated to convey gaze direction. 
 
A central issue in group video conferencing is turn-taking. As soon as more than two people participate in 
the conversation it is considerably more difficult to predict who is going to speak next. In the GAZE-2 
system, turn-taking is merely controlled by the participants’ eye-gaze. The creators of the system refer to 
several studies that stress the importance of eye contact during a conference session. [13] One research 
group found that during video conferences, users usually use more formal techniques for addressing each 
other, e.g. by saying the name. During face-to-face conversations, however, people tend to use their eye-
gaze to point out whom they intend to speak to next or to suggest a next speaker. According to an 
experiment performed by Vertegaal et al., where the role of eye contact on turn taking was studied, 88% of 
the participants taking part in a conventional conferencing session had troubles with distinguishing whom 
the other participants were talking to. These results underline the importance of satisfactory, parallax-free 
transmission of eye contact in group video conferencing and other multipoint video conversation activities. 
[11] 

5.2 The mad hatter’s cocktail party 
In their article “The mad hatter’s cocktail party”, Aoki et al. [1] present a mobile audio space that supports 
multiple simultaneous conversations by utilizing dynamic regrouping of participants. In other words, the 
system addressed the same kind of issues as the GAZE-2 system presented above. In group face-to-face 
interactions the conversational pattern is much more complex than in communications between two or three 
persons. The conversational floors, i.e. subgroups of people who are currently talking with each other, 
change frequently, e.g. two participants may split off to form a new subgroup (conversational floor) or 
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somebody moves from one floor to another. Current audio spaces do not really support these kinds of 
dynamic regroupings, and if they do they usually require that the participants specify to whom they wish to 
talk to. The attentive aural system presented in the article is however capable of monitoring the participants 
to identify subgroups and dynamically modifying the audio output to each participant on the basis of this 
information, meaning that the volume of the participants with whom you are not talking to (that are in a 
different conversational floor) is faded. This approach is also used in the GAZE-2 system. Like GAZE-2, 
the system also supports dynamic turn-taking. Shortly put, the turn-taking organization is based on the 
identification of pauses in speech where speaker change is more likely to occur. [1]   

5.3 The social aspect 
The two systems presented in this section both emphasize the social aspect of systems. Due to new 
communication technologies, e.g. wireless networking, changes arise in social group structure and 
communication responsibility. As technological proceedings enable more advanced communication 
solutions (e.g. conferencing groups) and an increased availability for communication, the expectations of 
the users change. For example, during a video conferencing session the participants at least initially expect 
the conversation to proceed without any major problems. Interruptions that occur, e.g. two people speaking 
at the same time, confusions about who is speaking or who is being addressed, will cause irritation and 
delays and might in the worst case make interaction impossible [13].  Providing for more realistic (face-to-
face-like) communications without serious interruptions is therefore a central concern. As we have seen, 
both GAZE-2 and the mobile audio space address this issue. By using implicit input they provide for more 
natural and advanced group interaction, e.g. turn-taking, user-adapted output and subgroups. However, 
there are additional socio-technological issues that have not been met, such as privacy. Privacy concerns 
become especially important when implicit techniques are implemented, since information about the user is 
being collected and activities carried out more or less without the knowledge and approval of the user.  

6. Discussion 
As presented above, the issues in implementing attentive user interfaces are many and multifaceted. Most 
of the available modality input technologies are still immature and are therefore insufficient in comparison 
to more traditional input approaches [3, 16]. Independent experiments and empirical studies show that gaze 
tracking and speech recognition as explicit input and output techniques are fruitful only when they are used 
jointly in so called multimodal systems. By integrating several input and output channels it is possible to 
create more natural and robust user interfaces. In addition, this approach gives the user a possibility to 
choose input channel on the basis of the task. However, implementing several input channels does not only 
mean advantages. A multimodal system requires sufficient synchronization and coordination between the 
different input streams. A badly coordinated and structured multimodal interface can result in intolerable 
obtrusiveness and thus provoke confusion and irritation, which means that the interaction or action is 
interrupted. Reeves et al. present a number of issues that need to be addressed when constructing a 
multimodal interface [8]. A few of them are listed below. 
 

o Avoid presenting information in different modalities if the user has to focus on both sources to 
understand the information being presented. 

o Take full advantage of each modality in order to reduce the user’s memory load in specific tasks 
and situations 

o User preferences, context and system functionality must be addressed when integrating 
modalities 

o Match output to acceptable user input approach 
 
When implemented properly, according to the guidelines presented in this section, multimodal systems are 
superior to single input systems. Therefore it is most likely that we will see more of these systems in the 
future. There are however still some fundamental issues that have to be solved before commercially viable 
multimodal systems can be developed. Most likely, these systems are still far from being realized. 
 The most interesting challenge at the moment is the implementation of implicit modal input 
techniques. While the explicit input techniques only can prevent interruptions to a certain extent (since the 
techniques cause interruptions), implicit input approaches provide a wide range of possibilities. With the 
help of implicit input channels we can design unobtrusive and transparent systems that minimize the need 
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for explicit dialogues, i.e. decrease the numbers of interruptions. However, like mentioned before, the 
implementation of implicit techniques is not unproblematic. The privacy and integrity aspects should be 
emphasized in this context. Implicit systems that operate more or less without your knowledge and direct 
approval make estimations and assumptions about your personal preferences, which may be considered 
controversial. Imagine an attentive answering machine that diverts calls and messages when the user should 
not be interrupted. If errors occur, this system approach can easily lead to unpleasant situations where 
really important calls or messages are diverted.  
 Another interesting and central concern in this context is the balancing between implicit and explicit 
input. How much can be invisible to the user without making him/her feel helpless and out of control? It is 
widely known that humans have the need of being in control and that interaction with intelligent, 
autonomous systems therefore can create problems. The fundamental issue here is that if this kind of 
problems occurs, the system is no more invisible. Rather, it causes serious interruptions, and consequently 
the whole concept is lost. Another possibility is that the user tries to figure out how the system operates. If 
he/she succeeds, the implicit input suddenly becomes explicit, since the user can use his/her knowledge to 
control and manipulate the system. 
     These are just some of the issues concerning attentive systems. I will now conclude this 
discussion section in a positive manner by emphasizing the advantages and possibilities of these systems. 
As usual with any type of product it is difficult to say if the product has been design to meet customer 
needs or if the product itself provoke the need for the product. In the case of media spaces, such as the 
group video conferencing system (GAZE-2) and the mobile audio space presented in section 5, it is 
probably a combination. The implicit media spaces are created due to changed user requirements, but at the 
same time these requirements have changed partly because of new emerging communication technologies. 
In this essay I have shown how the implementation of implicit input techniques enables more natural and 
fluent interaction between the participants. This is, according to my personal opinion, one of the most 
interesting aspects in the field of attentive systems. However, it is important to stress that most of the 
techniques discussed in this essay are still immature and therefore not yet commercially viable. A lot has to 
be done before the systems can be used in real life situations. Nevertheless, studies show that they have a 
positive effect on the performance and experience of the users. These results should be enough for 
encouraging further studies and proceedings in the field. Hopefully, we will be able to see them on the 
market in a relatively near future.   

7. Conclusion 
Today, a constantly growing number of people are surrounded by computing devices. Mobile phones, 
advanced watches and PDAs, among other gadgets, have once and for all brought the computing devices 
into our every-day lives. In general computing devices make life easier; however, if the devices are 
implemented and coordinated poorly, the demand on the user’s attention increases. Since user attention is a 
limited resource, leading to serious interruption when overloaded, minimizing the attention load has 
become a crucial usability issue in interface development.  

Attentive User Interfaces (AUIs), interfaces extended with additional input, interpretation and output 
techniques, such as the two presented above, address the attention overload issue by attending to the user’s 
current preferences and focus of attention. AUIs carefully consider when and how to communicate with the 
user and coordinate different internal and external actions, in order to minimize the negative effects of 
interruptions. 

In this context it is of great importance not to ignore the social and ethical aspects of the attentive 
and intelligent systems. Shell et al. [9] emphasize the issue with the following questions:  

 
“As designers…we must keep in mind socio-technological issues that may arise from the usage of 

 attentive systems. For instance, will people trust a technological system to serve as the gatekeeper to 
 their interactions? How can we foster such a trust, and safeguard the privacy of the people using 
 systems that sense, store and relay information about the user’s identity, location, activities, and 
 communications with other people?” 

 
According to my personal opinion these questions pinpoints the difficulties of the AUI field. Considering 
and addressing socio-technological aspects is crucial in the designing of sociable, multimodal attentive user 
interfaces.  
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In this paper, the complexity of successfully implementing attentive input in user interfaces has been 
discussed in particular. First, eye-gaze tracking and speech recognition as I/O techniques were presented; 
followed by a presentation of existing multimodal systems. Empirical studies and experiments clearly show 
that these technologies, due to both technological and human biological factors, are not yet sufficient and 
commercially feasible. Nevertheless, because of significant progress in development of attentive 
technologies and new system architecture there are many reasons to be optimistic about the future of 
attentive multimodal interfaces. As long as development proceeds, multimodal attentive interfaces have 
every opportunity to become a standard approach in the field of humans-machine interaction. 
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