
  

  

Abstract— Medical computing systems rely primarily on 

traditional human-computer interfaces, such as the keyboard, 

mouse and touch screen, however future systems will 

incorporate vastly enhanced interaction capabilities. Some of 

these, such as speech control and eye contact sensing, have 

begun to appear on the medical computing landscape. Eye 

contact provides computer systems with a wealth of yet-

uncollected information about user attention and attentiveness, 

and may allow for personalized interfaces, while requiring 

almost no training to use. This paper introduces an advanced 

prototype of a gaze-enhanced speech recognition charting 

system for surgical nurses. We go on to discuss the implications 

of our system and of gaze detection in general for medical 

computing. 

I. INTRODUCTION 

omputers have become integrated into virtually all 

aspects of modern healthcare, and operating these 

computers has become an issue of efficiency, ease of use, 

and safety. As computer systems continue to pervade the 

healthcare system, these issues will only become more 

important. While current-generation medical computing 

systems often rely on traditional human-computer interfaces, 

such as the keyboard, mouse and touch-screen, future 

computing systems will incorporate vastly enhanced 

interaction capabilities – some of which, such as voice 

control and eye contact sensing, have begun to appear on the 

medical computing landscape. These enhanced interaction 

techniques allow for more intuitive and often much faster 

and more efficient control of computer systems. [1] Eye 

contact information provides computer systems with a 

currently-untapped wealth of information about user 

attention and attentiveness, and this will be the focus of our 

paper. 

This paper aims to provide the reader with an overview of 

eye contact sensing technology and current implementations 

in traditional computing, as well as a discussion of the 

prototype medical charting system we have developed. Our 

system combines gaze detection with speech recognition to 

operate in the noisy operating theatre environment with 
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lower error rates and easier use than system relying solely on 

speech recognition or traditional charting methods. Finally, 

we will discuss future medical technologies that may greatly 

benefit from the inclusion of gaze awareness, and conclude 

with a discussion of the implications for medical computing. 

II. EYE CONTACT AND MULTIMODAL INFORMATION 

Eye contact is a key component in human communication, 

and provides important information about interest and attention. 

In conversation, eye contact is used to mediate and facilitate 

turn-taking [2], and in general, it can be said that gaze signals 

attention. The fact that gaze signals attention can be used to 

reveal information that has traditionally gone undetected and 

unused by computer interfaces. For the purposes of a human-

computer interface, eye contact or gaze is defined as a user 

resting their gaze on the computer or interface. Recent research 

demonstrates how this information can provide important 

contextual information to a computer system. 

In [3] Maglio, Matlock, Campbell, Zhai and Smith showed 

how coupling gaze information with speech information gives 

context to speech and allows a speech recognition system to 

better distinguish between command speech and ambient 

background speech. This technique is employed everyday by 

humans as they classify audible speech to decide if it is 

intended for them or not.   

Computer gaze detection, shown in Fig. 1, is 

accomplished by employing the bright-pupil effect in images 

captured by an infrared camera. [4] This effect – which also 

causes red-eye in flash photography – uses the retroreflective 

properties of the cornea to detect pupils looking directly at 

the camera. Gaze detection systems capture infrared images 

in close succession, first with an illuminating infrared light-

source, then without. Performing image subtraction on these 
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Fig 1. The bright-pupil effect used in pupil-finding. Image (a) shows an 

unilluminated eye, image (b) shows the reflection caused by 

illumination, and image (c) shows the result of performing an image 

subtraction on images (a) and (b). 
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two images results in an image which contains only 

illuminated pupils. 

III. EXISTING APPLICATIONS 

A. In Computing 

Eye contact sensing has made inroads into the computing 

domain, and many projects are currently in the prototype or 

research stage. One area of research focus has been on 

videoconferencing systems which allow for communication 

and collaboration similar to that achieved in face-to-face 

interactions, such as the system developed by Takeuchi and 

Naito in [6]. 

In 2007, commercial gaze detection systems were 

integrated into public advertising displays as a means of 

calculating viewership and gauging attention to advertising. 

The area of research most applicable to medical 

computing, however, is likely in attentive interfaces which 

incorporate eye contact sensing. Attentive interfaces seek to 

gather more information about users than traditional 

interfaces, and use this information to provide more tailored 

actions and output. An attentive information appliance called 

the AuraOrb was designed to alert users to incoming emails 

and presented by Mamuji, Vertegaal, Shell, Pham and Sohn 

in [1]. It is pictured above in Fig. 2. Situated in a user’s 

peripheral vision, an incoming email causes the orb to glow 

gently to attract the user’s attention. When the user fixes 

their gaze on the orb, the device displays information about 

the incoming email. Finally, the alert is suppressed when the 

user removes their gaze from the device. Further research 

performed at the Human Media Lab has demonstrated how 

eye contact can be used to easily perform tasks such as 

answering and hanging up a phone by fixing and removing 

gaze from the phone. [7] 

Recent research has also aimed to detect and emulate 

human-like eye contact behaviour in robots. As discussed in 

[8], many of these robots aim to detect gaze to determine user 

attention and emotions, and to also return gaze to better 

emulate eye contact between humans.  

B. In Healthcare 

To date, eye contact sensing has not frequently been 

employed in medical computing. The only known 

multimodal, eye contact based medical device is our own 

gaze-based speech recognition surgical charting system, first 

introduced in [9]. 

Our system aims to solve a problem identified to us by a 

surgical nurse – a recently provincially-mandated 

requirement of recording surgical time benchmarks conflicts 

with pre-existing surgical tasks. Traditionally, charting is 

performed by hand or using a standard desktop computer, 

however we’ve argued that there is great potential to use 

voice recognition technologies for easier and faster charting 

without interrupting other tasks. Speech recognition has 

been used for offline transcription of doctor’s notes in the 

past, with studies showing improved speed and error rates 

over traditional human transcription. [1] 

Implementing a traditional speech recognition system in 

an operating theatre is problematic for several reasons. 

Operating theatres are noisy work environments, and speech 

recognition engines have significant difficulty differentiating 

between command speech, intended for the engine, and 

ambient speech which is not intended for the engine. 

Furthermore, the accuracy of speech recognition systems is 

generally improved by training the system to better recognize 

the voice of a specific user. This is time consuming, and only 

applicable when the system will be used by one pre-

determined user, or when voice profiles can be changed as 

users change. 

Our system aims to solve the issue of determining the 

target of speech (either the speech recognition system or 

otherwise) by implementing a gaze-aware speech recognition 

engine. As outlined in [3] and implemented in [1], 

combining gaze with speech gives context to the speech and 

allows the system to better gauge whether the speech is 

intended for the engine. Much as humans signal their 

attention in conversation with other humans, they can also 

signal their attention to computer systems by looking at the 

system they are talking to. At this stage, our project avoids 

the difficulties associated with training voice profiles by 

restricting input to a simple set of commands which may be 

easily recognized by even an untrained engine. 

In [9] we outlined an early prototype version of our hands-

free charting system. The prototype system employs face 

detection in place of gaze detection, which does not provide 

as much information as is provided by gaze detection, but 

allows behaviour suitable for testing. With this prototype 

system we were able to run informal trials to get user 

feedback before proceeding to the next stage. Feedback was 

generally positive, as users unfamiliar with speech 

recognition found the system easy to learn and use. Use was 

not effortless, however, and we have attributed this in part to 

the use of face recognition rather than gaze, as well as a less 

robust speech recognition engine than our planned final 

engine. 

 
Fig 2. The AuraOrb, presented in [1] was an early gaze-attentive 

informational appliance. 
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As pictured in Fig 3, we have now implemented our 

system using true gaze detection. Using an off-the-shelf eye 

contact sensing device, the xuuk eyebox2, we have 

developed a system which uses the eyebox2 to provide eye 

contact information and determines which portions of 

audible speech should be considered system commands, and 

which portions are likely to be ambient speech and should be 

ignored. 

Preliminary tests of our newest prototype appear to 

indicate that, as expected, replacing face detection with gaze 

detection does improve the system accuracy and ease of use. 

We hope to soon run full-scale trials in an operating theatre 

to determine the benefits and drawbacks to our system and 

elicit feedback for further refinement. 

IV. FUTURE POTENTIAL 

Gaze detection has numerous applications for future 

healthcare systems, and we have divided them between 

enhanced input – that is adding gaze as an additional 

modality to some other method of input – and ambient or 

attentive systems, which are systems that often act largely 

unseen, or provide much more subtle, contextual information 

and use gaze to remain unobtrusive when appropriate. 

A. Enhanced active input 

Our previous research into multimodal, gaze enabled 

medical computing systems has resulted in the development 

of a speech enabled, handsfree charting system for surgical 

nurses. In our system gaze provides an additional input 

modality which acts as to enable and disable the speech 

recognition engine. The system layout is pictured in Fig 4. 

As gaze indicates user attention, the system is able to use eye 

contact information to class audible speech as either ambient 

or command speech, and respond accordingly. 

Medical systems currently in development and production 

have begun to use voice recognition as an input modality, 

such as the AESOP voice controlled surgical robot system. 

[10] In many of these cases, coupling gaze with voice 

information would allow for better contextual placement of 

incoming speech. In systems with similar use to our charting 

system, gaze information could be a key component in 

increasing accuracy and ease of use. 

B. Ambient and attentive systems 

Ambient and attentive systems are a class of systems 

which have received much attention in traditional gaze-aware 

computing research, but to-date very little attention in the 

medical computing domain. A clinical setting presents a 

number of systems which may benefit from using gaze 

detection to provide health care workers with attentive and 

personalized contextual information. 

Patient monitors, such as those used in surgery and those 

present in intensive care settings provide workers with a 

wealth of information, but receive almost no information in 

 
                 

                  Fig 3. The latest prototype of our gaze-enabled speech recognition surgical charting system. 
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Fig 4. An eye-contact augmented speech recognition system for 

surgical charting. 
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return about their users. Future ambient systems may use 

contextual information, including gaze, to better tailor their 

operation to users, such as giving an audible rather than 

visible alert when users are not looking at the display. 

Agarwal, Joshi, Finin, Yesha and Ganous discuss a pervasive 

computing system for future operating theatres in [12]. 

While their system includes context information collected 

during surgery, gaze information is absent.  

Attentive systems may also be used as an additional safety 

measure, allowing devices that display critical or emergency 

information to gauge whether the information has likely been 

noted by medical professionals, escalating appropriately in 

the event that it is not. Previous research, such as the work 

discussed in [13], has used gaze detection as a key 

component in driver attention monitoring systems. These 

systems attempt to passively monitor the attention and focus 

of drivers with the aim of providing support and aiding safe 

driving, similar to systems which may be implemented in 

future medical settings. 

V. CONCLUSIONS 

Gaze detection provides computer systems with a wealth 

of information, currently-uncollected, on the context within 

which they exist, and the state of users around them. Gaze 

information is also detected unobtrusively, and without any 

complex training required of users. As gaze acts to signal 

attention, systems augmented with eye contact detection 

hardware may better reason about the attentiveness of their 

users. This has far-reaching implications – from systems 

better able to discern voice commands, to intelligent systems 

which track user responses to emergency alerts and escalate 

them appropriately. 

As discussed in [12], medical environments in the future 

will likely be replete with computer systems, visible and 

invisible. Before this is a reality, however, the systems need 

to be provided with much richer information about their 

environment and users. As our prototype gaze-aware speech 

recognition surgical charting system demonstrates, the 

information provided by gaze will prove to be one crucial 

conduit for this information.  
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