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Abstract 
The human’s ability to see, listen and speak is naturally embedded in how we interact and 
communicate with each other, but not only do we interact with other humans, we also 
spend a lot of time interacting with computers. In our study we take a starting point in 
embodied interaction and draw on people’s abilities from everyday life and apply them to 
computation in form of eye-tracking and speech recognition. Previous research mainly 
explored these inputs separately and little has been discovered regarding the combination. 
We applied a qualitative approach consisting of free surfs, task based evaluations and ten 
interviews, and we aimed for an understanding of how people perceive this interaction and 
to discover potential use contexts.  The results indicate that people are positive towards the 
combination of eye-tracking and speech recognition for interacting with computers but 
found it hard to imagine a rich set of contexts in which it could be used.  

 
Keywords: Embodied Interaction, Eye-tracking, Speech recognition 

1. Introduction 
In 1984 Apple introduced the Macintosh, which changed the way humans interact with 
computers. It was the first personal computer featuring a graphical user interface in 
combination with a mouse and thus it became clear that this was how humans would 
interact with computers. Computers have radically improved over the last decades, they 
became smaller and at the same time a lot more powerful but the basic idea about what a 
computer is has remained more or less the same, as well as the interaction style (Dourish, 
2004). For a number of decades, HCI experts have been trying to find different ways to 
interact with computer systems. The interaction between humans and computers takes place 
in a wide range of contexts, ordinary people in an extraordinary environment (stress or time 
pressure) often face similar issues that people with disabilities face in an ordinary 
environment (Newell, 1995). People can get excluded from using a system because of an 
inappropriate siting of equipment or because the devices have an excessive demand on the 
abilities of the users. An ATM can be positioned too high, a mouse can be too big which 
makes it uncomfortable to use and a phone can be too fiddly to use for a person with arthritis 
(Benyon, 2013).  

We base our study upon previous research concerning the idea of reducing the physical 
barrier and explore a way in which the interface between humans and computer systems 
disappear. Gershenfeld (1999) sees invisibility as the missing goal in computing, meaning 
that the interface should disappear from the user’s perception. The terminology embodied 
interaction as presented by Dourish (2004) is a theory that describes how humans and 
computers intertwine and how technology fades away to an unnoticeable level. Humans 
apply their existing physical abilities when interacting with computer systems, a common 
example is the touchscreen that is controlled by the hands. In a graphical user interface we 
can control digital objects in a similar way to how we are able to move physical objects in real 
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life. Embodied interaction does not only incorporate body movements but also senses such 
as hearing and sight, which have been applied as interaction tools between humans and 
computers in form of eye-tracking and speech recognition.  

Eye-tracking has been highly promising in HCI for many years but was mainly tested in 
laboratory experiments. The hardware gradually became sufficiently robust and cheaper, 
which led to consideration of usage in real user-computer interfaces (Jakob and Karn, 
2003). The research conducted by Jakob and Karn (2003) had the goal to increase the useful 
bandwidth across an eye tracking interface with faster, more natural and more convenient 
communication mechanisms. They argue that current user interfaces provide much more 
bandwidth from the computer to the user than the other way round. Computers display 
graphics, animations, audio and other media output with a large amount of information. But 
the input from the user is not a comparably large amount of information and the wide 
potential of the human’s abilities is not used. Thus the user interface is very one-sided 
(Jakob and Karn, 2003). Eye-tracking has been found to be distinctly faster than other 
current input devices (Ware & Mikaelian, 1987; Sibert & Jacob, 2000; Jakob and Karn, 
2003). In terms of cursor positioning and simple target selection operations, eye-tracking 
proved to be approximately twice as fast compared to current input devices, according to an 
experiment conducted by Ware and Mikaelian (1987). Before operating any tangible input 
device such as the mouse, the user commonly looks at the specific destination he or she 
wishes to navigate to. Thus the eye movement already works as a navigation tool, hence 
making the physical movement of any tangible input device redundant. In addition to that, 
users simply do what they are doing in their everyday life, using their eyes to look at objects 
and identifying them. 

Although eye-tracking has been proved to be an efficient way of cursor positioning and 
simple target selection, it still lacks some of the fundamental features of the more commonly 
used input devices. Making use of the eyes is an almost subconscious act and is a natural way 
of moving through the graphical user interface (GUI). But users are typically unable to 
comprehend the concept of clicking, grasping and releasing objects within the GUI, with the 
use of their eyes. Users expect to be able to look at an object without interacting with it. 
Hence, replacing the interaction options that current input devices offer, with eye-tracking, 
leads to the “Midas touch”, where the eyes would initiate commands whenever the user looks 
at objects (Jakob and Karn, 2003). The difficulty of solving the “Midas touch” is that eye-
tracking as a tool for interaction is not capable of covering all the interaction possibilities. 
While it is useful for moving in computer systems, it is not as effective for executing 
commands and therefore it is reasonable to believe that a second input source should be 
applied. According to us, speech recognition as a second input source can incorporate the 
possibilities of interaction which eye-tracking alone is not capable of. With the spoken word 
we are able to interact with a richer set of intentions than solely by eye movement. 

Unlike eye-tracking, speech recognition has already established itself as an input source 
in human’s everyday life. Companies like Apple, Google and Microsoft provide “personal 
assistants” such as Siri, Google Now and Cortana, which are making use of speech 
recognition. While speech recognition is useful for communicating a rich set of user 
intentions, it performs poorly when it is used to refer (point) to objects. Thus, the objects 
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would need to be uniquely identified, in order to resolve referential ambiguity (Hatfield and 
Jenkins, 1997). 

Hatfield and Jenkins (1997) and Miniotas, Špakov, Tugoy & MacKenzie (2006) made 
attempts to incorporate eye-tracking and speech recognition as a tool for hands free human-
computer interaction. Previous research mainly focused on either one of them, but barely on 
the combination of both. Researchers tried to incorporate the functions that current 
interfaces offer into either eye-tracking or speech recognition, but as described above these 
technologies alone are not capable to manage the rich interaction set. Eye-tracking and 
speech recognition both have strengths and weaknesses, but it is reasonable to believe that 
these inputs complement each other very well. Both inputs can balance out each other’s 
weaknesses and allow for a complete set of interaction possibilities because of their 
combined strengths. Eye-tracking allows for a natural movement through the GUI while 
speech recognition allows for executing commands in a way in which the eyes are not able to. 
This study aims to fill the gap in previous research by exploring the possibilities of 
combining eye-tracking and speech recognition as a tool for interaction between humans and 
computer systems. Furthermore we explore the contexts in which people might be interested 
in making use of the combination of eye-tracking and speech recognition. 

1.1 Research questions 
x How do people perceive Embodied Interaction in form of a combination of eye-

tracking and speech recognition as a way of interacting with computer systems? 
x What are the contexts in which people are interested in using eye-tracking and speech 

recognition for interacting with computer systems? 

1.2 Purpose 
The purpose of this study is to explore the potential of eye-tracking and speech recognition 
combined as a tool for navigation in computer systems. This incorporates how people 
perceive this fairly unknown type of interaction, as well as the contexts in which it might be 
applicable.  

1.3 Outline 
At first we present related research, which includes embodied interaction, eye-tracking and 
speech recognition. In section three we present our research approach, involving a 
description of the prototype that was used in our evaluations, as well as sampling, evaluation 
procedure, data gathering and analysis. We end section three with ethical concerns and the 
rigour & relevance of the study. The results are presented in section four and in section five 
we discuss our findings. We end this paper with section six, where the conclusions of this 
study are presented.  
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2. Related research 
In this section we present the related research concerning embodied interaction, eye-
tracking, speech recognition, as well as the combination of eye-tracking and speech 
recognition.   

2.1 Embodied Interaction 
Embodied interaction is a theory that draws upon people’s abilities to perform certain 
actions subconsciously, those things that we do but cannot explain exactly what we do, we 
just do them (Dourish 2004; Verbeek 2008; Ihde 2010). Performing subconscious actions 
such as juggling or riding a bike are addressed by Dourish (2004) as “tacit knowledge” or 
“embodied skills”, which he applies to human-computer interaction. By gradually 
incorporating human skills and abilities to computation, interacting with computers 
becomes more accessible and easier to integrate into people’s everyday life without requiring 
extensive practice (Dourish, 2004). Embodied interaction not only incorporates the actions 
we perform, but also senses such as hearing and sight, which can be used as instruments for 
interacting with computer systems. Our ability to see, listen, speak and pronounce words is 
often learned at an early age, making it natural to use and is embedded in how humans 
interact and communicate with each other. Computation in form of eye-tracking and speech 
recognition can integrate these abilities and allow humans to communicate with computer 
systems in a similar way to human-human interaction - as if the interaction had no interface. 

Dourish (2004) argues that the greatest goal an interface could aspire was to disappear 
and to get out of the way between humans and computers. Invisibility has been praised as 
the holy grail of user interface design by researchers and interface design critics from various 
backgrounds (Gershenfeld 1999; Dourish, 2004). He sees the idea of an invisible interface as 
too simplistic and argues that an invisible interface leads to an all-or-nothing controversy; 
embodied interaction provides concepts, which describe how an interface might move into 
the background without completely disappearing. 

2.2 Eye-tracking 
Research in eye-tracking has been considered to have a bright future in HCI even though its 
usage has been limited to laboratory experiments (Sibert and Jacob 2000; Jacob and Karn, 
2003; Kumar 2007; Istance, Bates, Hyrskykari & Vickers, 2008). There are numerous 
amounts of reasons to why eye-movement is suitable for interactive input. The eyes are fast, 
precise, convenient and a high bandwidth source of information. The eyes require no 
training and it is natural for users to gaze at objects on a screen before executing any 
movement with a tangible input device; the same way people gaze at objects of interest in 
everyday life (Kumar, 2007). Hence the eye-movement is already used for navigation, 
making tangible input devices merely an extension of what we are already able to do with our 
eyes. 

In his paper on Gaze-enhanced user interface design, Kumar (2007) states that even 
though there are large individual differences between how people interact with computers, 
the mouse is preferred over the keyboard when it comes to simple interaction tasks such as 
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pointing, clicking, grasping and hovering. And according to him, eye-tracking should be able 
to complement these operations to allow for a more complete interaction. 

In an experiment performed by Sibert and Jacob (2000) which measured time to perform 
simple computer tasks, eye-gaze interaction showed a distinct speed advantage over the 
mouse. The subjects participating in the experiment were comfortable selecting objects with 
their eyes and reported that it felt effortless and as if the system could anticipate the user’s 
commands. As concluded by Sibert and Jacob, eye gaze in combination with other input 
techniques requires only a small amount of additional effort and it liberates the user hands 
to perform other tasks.  

According to Istance et al. (2008) there are three main problems that interferes with the 
use of eye tracking: (1) Hardware problems concerning the cost and usability of eye trackers, 
(2) inaccuracy and (3) the Midas touch problem. An issue with the eyes is that they are an 
“always-on device” which is noisy and not stable even when fixated on an object. Therefore it 
is crucial to differentiate searching/scanning to pointing/clicking, since the unstable nature 
of the eyes might lead to the user issuing commands or actions that are unintended. This is 
commonly referred to as the “Midas touch”. Even if eye-tracker devices were perfectly 
accurate and could exclude the noise, it would not solve the Midas touch since the eyes are 
not capable of covering all the interaction possibilities (Kumar, 2007). In order to solve false 
activations which are not only annoying but could also trigger unintended actions, Kumar 
(2007) combined eye-tracking with an activation hotkey on the keyboard that served the 
same purpose as if one would select or click with a mouse.  

Primarily, eye-tracking was developed for users who are unable to apply keyboard and 
pointing devices. However, the development of eye-tracking technology is moving forward 
regarding the increase in accuracy and decrease in cost. This leads to gaze input in addition 
to keyboard and mouse being applied by able-bodied users, assuming that this type of 
interaction is an advancement over current techniques (Kumar, 2007). 

Using a keyboard button, mouse button or other alternatives to initiate actions are some 
examples of approaches to overcome the Midas touch problem. On the other hand if gaze 
detection is the only approach being used, long deliberate dwell times are commonly used as 
a substitute to the keyboard or mouse hotkey. The dwell time approach enables the user to 
fixate on an object with the eyes in order to initiate a certain command. Then again long 
dwell times can be exhausting for the user and the eyes might move away from the point of 
interest before the system can register the ending of the dwell time. Hence the dwell time 
approach can be slow and require a lot of effort (Istance et al., 2008). Ultimately, the eyes 
are used for looking and should not be overburdened with issuing commands or performing 
actions, since it contradicts to the purpose of the eyes (Kumar, 2007). As mentioned earlier, 
eye-tracking has certain short comings and is therefore in need of a complementary input. 

2.2 Speech recognition 
In their book, the Fundamentals of Speech Recognition, Rabiner and Juang (1993) explains 
that speech recognition has been researched for more than four decades and inspired science 
fiction wonders like the computer HAL from the movie 2001 - A Space Odyssey or R2D2 
from Star Wars. It took another two decades until companies like Apple, Google and 
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Microsoft turned fiction into reality. These companies offer “personal assistant”-like services 
on mobile devices in form of Apple’s Siri, Google Now or Microsoft’s Cortana. Still, speech 
recognition has not quite reached the level of speech output, but it has reached a level of 
usability in which it can be considered as an option by designers to incorporate the 
functionality into computer systems (Benyon, 2013). 

Benyon (2013) argues that the best speech recognition systems require people to only 
spend 7-10 minutes to train an automatic speech recognizer to achieve a recognition level of 
95% accuracy.  Such a high level of accuracy can lead to natural language systems; allowing a 
way of interaction where people start to have conversations with their computer systems. 
Natural language systems still have to overcome some barriers, while it is possible to 
recognize and understand speech, it is still hard for the systems to grasp the meaning of what 
people are saying (Benyon, 2013). 

A big advantage of speech recognition is that people without certain disabilities do not 
require any training to use speech as an input for computer systems. People use their voice 
in everyday interaction between human and human. Using speech to interact and 
communicate is a very natural thing to do, which is related to Dourish’s (2004) view on 
embodied interaction. Furthermore speech can be used as an input while a person is busy 
with another activity and the input information can be communicated via microphone. 
Additionally using speech to communicate user intentions allows for a much richer 
interaction than eyes for example (Hatfield and Jenkins, 1997). 

Relying on speech alone in order to refer or to point at objects leads to the problem that 
each object has to be uniquely identified. Objects have to be given names in order to resolve 
referential ambiguity (Hatfield and Jenkins, 1997). As an example one can imagine an 
interface with several buttons and a user wants to interact with one button by saying 
“execute button”, the system will not be able to grasp which button the user refers to. 
Another issue is that thoughts are closely connected to language for many people. When 
using a keyboard, users are still able to think about their next words while typing. Users may 
have been slowed down when using speech rather than keyboard in a higher-cognitive-load 
task (Shneiderman, 2000). 

2.3 Combining eye-tracking and speech recognition 
Computer systems have become increasingly more intelligent, therefore it has become more 
desirable to communicate with computer systems rather than just operating them. As 
humans we have a rich set of techniques that allow us to communicate our thoughts and 
intentions. To quickly express our ideas we rely on a mix of spatial and semantic knowledge, 
furthermore we can vary between several abilities for communicating the same idea. Abilities 
like speech, intonation, facial expressions or hand gestures for example (Koons, Sparrell & 
Thorisson, 1993). 

Miniotas et al. (2006) found the development of an efficient alternative to traditional 
operated user interfaces to be a major challenge in HCI research. They argue that the user 
interface should not exclusively rely on inputs such as the mouse and keyboard, rather the 
interface should allow for a more natural interaction and should engage the different 
communication abilities of humans. Even though speech, intonation, facial expressions or 
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hand gestures are inherently different, combining two or more inputs allow for an 

interaction in an appropriate way (Oviatt, 1999; Miniotas et al., 2006). 

In the same study conducted by Miniotas et al. (2006) it is argued that speech recognition 

and eye gaze have not yet become one of the more notable approaches amongst the options 

for combined input. However, Miniotas et al. (2006) found that by combining eye gaze for 

locating objects and speech recognition for issuing commands, they have the potential to 

allow for a completely functional interactive system with decent amount of hands-free 

control over a GUI. The study found no fundamental limits in terms of accuracy concerning 

the combination of eye gaze and speech recognition and could therefore be considered as an 

alternative to manual pointing techniques. The study also concluded that the combination of 

speech and gaze input is superior to using eye gaze as a pointing technique alone. 

In their research, Hatfield and Jenkins (1997) integrated eye gaze and voice recognition 

into an interface in order to allow hands-free computer access. The findings of their research 

experiment revealed that all participants were very enthusiastic about the technology. With 

just a few minutes of practice, some of the participants managed to operate the interface as 

good as or better than the developers. The study also found that participants experienced 

difficulties to keep their eyes at the object of interest, while executing the suitable 

commands. 

2.4 Summary of related research 
In this section we introduced embodied interaction and research on eye-tracking, speech 

recognition and the combination of both. We can use embodied interaction for a better 

understanding of how to move the physical interface into the background in order to make it 

“disappear” and be removed from the user’s immediate concern. Embodied interaction 

draws upon the human skills and abilities to make human-computer interaction more 

natural. The research on eye-tracking mainly took place in laboratory experiments and 

showed that eye-tracking can be fast and precise, but the research also showed that there are 

three main problems, issues concerning hardware, the Midas touch and inaccuracy. 

Concerning speech recognition research showed that using voice is promising for executing 

commands, but relying on it alone leads to the problem that each object has to be uniquely 

identified. Previous research on the combination of eye-tracking and speech recognition 

found no fundamental limits concerning accuracy, however the combination of these inputs, 

how users perceive it and in what contexts it could be used, has barely been explored. 
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3. Method 
In this section we present our research approach and our data gathering techniques. We 
provide a description of our prototype as well as an explanation of its functionality. We end 
this section with a discussion on the ethical concerns as well as the rigour and relevance of 
this study. 

3.1 Research approach 
We wanted to discover the potential of combined eye-tracking and speech recognition, as 
well as understand how our participants experienced and perceived the interaction. As 
presented by Bryman (2012) a quantitative approach is partly concerned with finding a 
generalization to the relevant population. In our case a quantitative approach would have 
helped us to maximize the reliability and the validity of our measurements, we found it too 
structured, meaning that it could limit us in extracting the participants’ thoughts and was 
therefore considered to not be suitable for our study. We were interested in the participants’ 
subjective opinions and how they perceived the potential of the interaction, although a 
quantitative approach could have been applied such as measuring heart rate, pupil dilation 
or pulse that might have provided indications of satisfaction (Wiberg, 2003), the outcome 
would not have corresponded with the purpose of our study. A qualitative approach helped 
us to understand behavior, values and beliefs with regards to the context in which we applied 
the research. Furthermore a qualitative approach is less structured and therefore helps us to 
extract thoughts and opinions (Bryman, 2012), which leads to an overall understanding of 
how the subjects perceive the interaction. With a qualitative approach we were able to 
explore the topic of our study in detail. We conducted 10 tests, which started with a practice 
session that was interpreted as a free surf, followed by a task based evaluation and ended the 
tests with semi-structured interviews. The interviews aimed to gain an understanding of how 
the participants perceived this kind of interaction by combining eye-tracking and speech 
recognition. In order to test this interaction we developed a prototype. 

3.2 Prototype description 
Our prototype was designed to provide the possibility of using the inputs of eyes and voice. It 
is a challenge to find the right metaphor for a system, which can be partially navigated with 
the eyes because in the real world we are unable to control physical artifacts with our eyes. 
Our prototype is based upon Google Maps. A map based solution allows the eyes to navigate 
the map similar to the way people are able to scan physical maps with their eyes. The idea of 
using a map provides a very low barrier to make use of the voice. A simple voice command 
like “zoom in” can be immediately reflected by our system and therefore provides immediate 
feedback to the user. The development of the prototype took about one week. 

3.2.1 Functionality 
Our prototype is a website that as mentioned above uses Google Maps as a base. The 
prototype displays only the map and hides all the other GUI elements, which can be found in 
Google Maps, elements such as the search box, zoom level etc. 
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Image 1. Google maps  
 

Image 2. Prototype 
 

The prototype makes use of the JavaScript libraries Annyang and Camgaze.js. The library 
Annyang allows our prototype to receive voice commands. For example users say “go to” 
followed by a country or city name; “go to Sweden” or “go to Stockholm” results in the 
prototype centering the map according to the expressed location, in this case Sweden or 
Stockholm. Users have the possibility to zoom in or zoom out by just saying “zoom in/zoom 
out”. The system also provides users with a data overview of several countries, which can be 
triggered by saying “show data” followed by the name of the preferred country, for example 
“show data Germany”. This triggers a slider window with general data including population 
or unemployment rate of the country. Furthermore our prototype provides a help function 
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with an overview of the functionality as well as an overview of the commands, saying “show 
help” can trigger this help function.  

Camgaze.js is a library which focuses on eye-tracking and gaze detection. In our 
implementation we only track the x and y position of the eyes and do not make use of the 
gaze detection possibility which Camgaze.js offers, because we found it to be too unreliable. 
In order to change the position of the eyes, slight head movement is required. Camgaze.js 
tracks the position of the eyes by continuously drawing squares around the eyes, every time 
the position of the eyes change, the position of the squares change. Our implementation 
reflects this change of position onto the map; this results in the map moving and allows the 
user to navigate the map by eye movement. 

Image 3. Prototype with enabled camera capture 
 
The eye-tracking is paused while the data overview or the help overview are enabled, so that 
user can focus on the reading the overviews without unintentionally navigating the map. In 
order for the prototype to work properly the user needs allow access to camera and 
microphone. Not all web browsers provide this functionality, therefore our prototype relies 
on the web browser Google Chrome. 

3.3 Procedure 

3.3.1 Sampling 
We did not aim for a global generalization of how people might perceive the combination of 
eye-tracking and speech recognition, therefore we applied a convenience sampling approach 
(Patton, 2002). Our goal was to find out how the individuals who participated in our tests 
experienced the interaction. We were unable to execute the tests spontaneously because of 



 

  11 

the limitations of the system, which forced us to have optimal lighting, a customized position 
for each user depending on height and a noise free environment. These limitations required 
the participants to be patient and sympathetic, therefore we decided to be selective 
concerning participants and environment. 

Below we present an overview of the participants, in order to protect their anonymity in 
this study we gave our participants aliases. 
 
Alias Gender Age Occupation Google Maps 

experience 
Eye-tracking 
experience 

Speech recognition 
experience 

Alex  M 27 CS-Student Yes, phone No Yes, Siri 

Henning  M 30 CS-Student Yes No Yes, Siri 

Jens  M 23 CS-Student Yes, phone & PC No Yes, Siri 

Lars  M 24 CS-Student Yes No No 

Mathias  M 25 Physics student Yes, phone & PC No No 

Max  M 24 CS-Student Yes No Yes, Google Now 

Nils  M 24 CS-Student Yes, sometimes No Yes 

Otto M 23 Factory employee Yes, sometimes No No 

Patrik M 37 HCI-Student Yes, sometimes No Yes, Siri 

Robert M 25 Kindergarten 
teacher 

Yes No Yes, Siri 

Table 1. Presentation of the informants 

3.3.2 Free surf approach 
Inspired by previous research (Sibert and Jacob 2000; Kumar 2007), our own experience 
interacting with the prototype and because our participants had no experience with eye-
tracking or the combination of eye-tracking and speech recognition, we conducted a practice 
session in order to help the participants become familiar with this type of interaction. We 
interpreted the practice session as a free surf approach (Wiberg, 2003). The practice 
sessions lasted for 15 minutes, it helped our participants to gain a clear understanding and 
feeling for this type of interaction. The time needed differed for each participant, depending 
on how well the participants managed to interact with the system. Apart from getting 
familiar with eye-tracking, it was important for the participants to practice the voice 
commands. This is related to semantics and how the participants had to adjust their speech 
and pronunciation. The system requires the user to speak clear English, which can be an 
issue when English is not the native language of the user. In order to find out how the 
participants perceived the different interaction possibilities we followed up with a task based 
evaluation. 
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3.3.3 Task based evaluation 
We gave our participants three tasks, which all together took between 5 and 10 minutes. The 
first task involved navigating through the map only relying on eye-tracking. The second task 
focused on using speech recognition, the participants were interacting with the system only 
by voice and executed commands. The final task combined eye-tracking and speech 
recognition in order to allow for a complete set of interaction possibilities. By testing the 
inputs separately, we provided the participants with the possibility to differentiate between 
the pros and cons of each input source and to understand how eye-tracking and speech 
recognition can complement each other. This allowed us to ask the participants questions 
regarding how they experienced eye-tracking and speech recognition separately as well as 
combined. 

3.3.4 Semi-structured interviews 
Following our task based evaluations; we adopted the semi-structured interview approach in 
our study to allow for a flexible interview process, meaning that the interview is open and 
new ideas can be brought up. According to Bryman (2012) semi-structured interviews 
encourage the subject’s opinion and detailed answers can be provided, we found this suitable 
for our study since the study relies heavily on how the participants perceive the interaction. 
An interview guide with a set of pre-determined questions was used with consideration to 
allow for follow-up questions and the interviews took between 10 and 15 minutes. This 
approach enabled us to receive insight on the issues and benefits that emerged and put 
emphasis on letting the subjects express their experience and thoughts on this type of 
interaction. Although structured interviews were considered, these would not have been able 
to provide the same type of flexibility and possibility to alter the order of the questions and 
clarify answers if needed. At the same time we needed to be able to compare the responses of 
the participants, therefore we did not conduct unstructured interviews. 

3.4 Data gathering & Analysis 
As mentioned above, before the first interview we constructed an interview guide with 
regards to our research questions. We considered the first interview a pilot interview, which 
gave us the option to still make changes regarding the procedure if needed. We took notes 
during the free surf and the task based evaluation in order to document any expected and 
unexpected occurrences. Ten interviews were conducted in English and they were all audio 
recorded as well as transcribed. For our data analysis we did not apply an analytical 
framework, we used a grounded theory approach and applied an inductive analysis in order 
to discover categories, patterns and themes in the data (Patton, 2002). In our analysis 
process we were inspired by the affinity diagram technique in order to analyze recognizable 
relationships between categories and themes (Beyer and Holtzblatt, 1993). Individually we 
gathered the relevant information from our interviews onto post-it notes, grouped the notes 
and categorized them. Together we compared and merged our findings, which were then 
analyzed. 
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3.5 Ethics 
We established our ethical concerns with regards to the Swedish Research Council (n.d.). All 
of our participants were volunteers and before the evaluation we informed them about the 
purpose of the study and that they could abort the evaluation at any time. Before the 
interview we informed them that they do not have to give an answer to the questions asked. 
We also asked about permission to record the interviews and informed the participants that 
all recordings and notes will only be accessible to us and stored accordingly. We informed 
the participants that they will be anonymous in the thesis, that we will exclude information 
that could reveal their identity and that the gathered data is only used for the purpose of 
research. 

3.6 Rigour and relevance 
As presented by Bryman (2012), dependability is concerned with clarity throughout the 
whole research process, meaning that an “auditing” approach should be adopted. 
Dependability is an alternative criterion for qualitative research and the parallel of reliability 
in quantitative research. Conducting this study in collaboration of two researchers helped us 
to assure the dependability and quality of our study. We have been able to act as 
auditor/peer and reflect upon each other’s perspectives throughout the whole research 
process, furthermore we received guidance from our supervisor. The first decision we made 
to be able to conduct our study was to create a prototype. We are aware that our prototype 
has certain limitations, such as the camera being sensitive to specific lighting, the 
requirement of the participants to be positioned properly and the microphone being 
sensitive to unintentional noise. Because of these limitations it was extremely difficult to 
perform tests in a non-controlled setting, therefore we conducted the tests in an artificial 
context and explained the limitations to our participants. Although conducting this study on 
a more diverse group could have provided us with indications of difference in male versus 
female perspectives, we did not aim for a generalization and decided to focus on the 
individual perception. To be able to answer our research questions we needed our 
participants to express their opinions, thus we conducted semi-structured interviews. This 
allowed us to assure a higher trustworthiness, by asking our participants follow-up questions 
in order to make sure that we perceived the responses to the questions correctly and to make 
sure that we understood what the participants meant.  
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4. Results 
In this section we present our research findings in the themes, which emerged during our 
analysis. Interaction and context are the two main themes that emerged and are structured 
into several subcategories. 

4.1 Interaction 
Below we present our findings about the combination of eye-tracking and speech 
recognition in general as well as how the participants experienced the different kind of 
inputs. 

4.1.1 Impressions & thoughts 
As a result of our evaluations, the participants were generally impressed about the 
interaction. They were also enthusiastic about the idea of combining eye-tracking and speech 
recognition in order to navigate a computer system. Although the participants felt 
challenged to a certain degree due to the sensitive eye-tracking and the difficulties regarding 
pronunciation, they enjoyed the interaction overall. The participants mentioned that they 
felt relaxed and that it was easy to navigate. Contradicting opinions were expressed 
concerning natural interaction, for some of the participants the interaction required some 
undesired physical effort, hence making the interaction unnatural for them. Specifically, 
navigating through the system solely by using the eyes required some amount of focus and 
the need to slightly move your head felt a bit uncomfortable for some of the participants. A 
similar discovery was found concerning the speech input, the need to pronounce commands 
in a certain way did not feel completely the same as if one would communicate with another 
human being. However, despite these limitations the general opinion about the interaction 
was positive and the participants said that it was efficient, useful, futuristic and enjoyable. 

Regarding the prototype, the majority of participants said that it was easy to use after 
some practice and some adjustments to their position. Some unappreciative comments 
regarding the sensitive eye-tracking and words being hard for the system to recognize 
emerged during our evaluations.  But the participants communicated that they understood 
that these flaws were very much related the fact that it was a prototype and not a fully 
developed system. Ultimately the participants found that using a map based system as a 
metaphor (Google Maps), was a proper way of testing this interaction and it was considered 
to be a suitable example of a system that could incorporate this type of interaction.  

Of course it is very cool, and the fact that it can read your eyes is pretty 
amazing. It wasn’t that hard either and after a bit of practice it worked even 
better. (Otto) 

 

4.1.2 Eye-tracking and speech recognition separated 
As mentioned above, the eye-tracking was perceived as a bit sensitive and it required focus 
for some of the participants. Despite this flaw, the participants were very appreciative 
towards eye-tracking itself and the general opinion about steering a system with the eyes was 
positive. “I am impressed that it even works.” (Mathias). As a way of solving the issue of 
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sensitivity, a few of the participants suggested a pause function in order to stop the eye-
tracking when not wanting to navigate with the eyes.  

It was fun and not too hard, the only difficult thing was to fixate on an object. 
Something should be added to be able to pause the eye-tracking. (Jens) 

 
During our analysis of the responses concerning speech recognition, we found contradicting 
opinions with regards to pronunciation. Therefore, during the process of applying the 
affinity diagrams, we divided the results into positive and negative responses. One group of 
the participants perceived the speech recognition as easy to use and responsive.  On the 
other hand some of the participants found the pronunciation difficult and had problems 
remembering the commands. 

It was kind of easy, but I can understand that it is a problem when people have 
different pronunciations. Although, I don’t think it’s going to be a problem if the 
technology adapts. (Otto) 

4.1.4 Eye-tracking and speech recognition combined 
In the third task of the task based evaluation the participants got the chance to test the 
interactive inputs combined. Overall they thought it was a good combination and they were 
able to utilize all the possibilities that eye-tracking and speech recognition had to offer. “It is 
like they complete each other, one is better used with the other.” (Patrik). It was preferred to 
navigate far distances via voice and short distances via eyes. This was illustrated when the 
participants managed to navigate on the map solely by saying a command such as “go to 
USA” while having the map centered at a country far away from the preferred destination. 
This was followed with a short panning of the map by using the eyes in order to navigate 
from street to street or generally short distances. Thus, 9 out of 10 participants said that this 
type of navigation felt superior with regards to speed, compared to mouse and keyboard. 
Ultimately the participants were very positive towards the combination of the inputs, and 
thought that the flaws they possess separately were balanced out when used in combination.  

It was nice because it works faster when you use both inputs. With only one 
input it would be more difficult to navigate efficiently. (Robert) 

4.2 Contexts 
Below we present our findings with regards to the participants’ perception concerning 
context of use. Three categories: Public systems, personal systems and applications emerged 
while applying the affinity diagrams. These results reflect both contexts and systems in 
which eye-tracking and speech recognition could be applied to according to the participants. 
Even though the participants were able to provide examples of possible contexts and 
systems, it was hard for them to elaborate on how and why eye-tracking and speech 
recognition as a combination could be applied.  
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4.2.1 Public systems 
When asked about potential usage or situations many of the participants mentioned some 
sort of public system. This included ticket machines, self-service systems, public information 
boards and vending machines. Even though it was difficult to explain why or how the 
combination of eye-tracking and speech recognition could be applied to the mentioned 
contexts or systems, some motivation was provided. Hygiene and the spread of bacteria was 
one reason for implementing this type of interaction instead of using hands, regarding any 
public system. Furthermore the combination of eye-tracking and speech recognition was 
imagined to simplify the interaction between the user and the interface concerning ticket 
machines and self-service systems. A suggestion regarding public information boards 
involved transferring the concept of our prototype to a large public screen displaying a map 
of the local area, the user would then be able to navigate through the map the same way as 
with our prototype. 

It would be nice to interact with a ticket machine and say like “I want a ticket to 
Stockholm”. Perhaps then you would need a lot of commands. It would be nice if 
it understood you, just like interacting with a human. (Jens) 

4.2.2 Personal systems 
The most common answer regarding a personal system was that it could be used in a car. 
The participants imagined a heads up display on the windshield, which could be controlled 
by eyes and voice. Many of them imagined it as a replacement of the current GPS. Voice 
would be used as a way to define the route and the eyes as a way to control the map. When 
asked if this would be disruptive for the driver, the participants agreed and some responded 
that currently it is common that you set up your route on your GPS before starting to drive 
anyway, hence it would not make any difference. Another thought was that this kind of 
interaction could be used in a home based management system, but how this would be 
implemented could not be explained. Two participants imagined a screen at the ceiling 
which could be controlled via eyes and voice while lying in bed or on a sofa. 

It could be used while you are driving a car. It can be really useful when you 
need your hands for something else. (Nils) 

4.2.3 Applications 
Subjective opinions concerning applications emerged; we realized that participants were 
trying to apply this kind of interaction to applications that they themselves are using on a 
daily basis and many of them saw potential of this type of interaction for people with 
disabilities. The participants thought of eye-tracking and speech recognition as an extension 
to their current computer systems, such as PC, tablet, smartphone etc. A very common 
suggestion was to have an Internet browser making use of this interaction. The idea was to 
type with the voice and scroll with the eyes. The pause function mentioned earlier was also 
suggested as a complementary feature for the browser, in order to be able to stop scrolling 
with the eyes when wanting to read something on the screen. This was explained in 
combination with being able to lie in a bed or a sofa, hence being able to browse the Internet 
without the use of hands. Suggestions relying on the same concept as the Internet browser 
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were a digital newspaper or digital recipe book. Participants interested in video games could 
see the potential of this interaction being used in gaming, but were also unsure of how it 
could be implemented. 

It could be suiting for things that I use frequently such as a digital newspaper 
or just browsing the web.  You could scroll with your eyes and type with your 
voice. (Otto) 

5. Discussion 
In this section we present our reflections on our study procedure to provide a broader 
perspective on the choices we made. Furthermore we discuss our research findings and end 
this section with presenting suggestions for further research. 

5.1 Reflections on our procedure 
Since we conducted a qualitative study on a homogenous group with a limited amount of 
participants, the findings cannot be applied to a global generalization of people's 
perspectives on the combination of eye-tracking and speech recognition. In an ideal 
situation, a larger and more diverse group of participants could have led to results beyond 
ours.  On the other hand, we did not aim for a generalization, rather we sought out to 
discover how these particular individuals experienced and perceived the interaction. The fact 
that most of our participants were computer science students, in combination with the 
novelty effect (Wells, Campbell, Valacich & Featherman, 2010), might have to led to their 
high level of enthusiasm towards the system and the interaction. Although the novelty effect 
cannot be completely avoided, we tried to reduce it by using a familiar system, which in our 
case was a prototype based upon Google Maps. Considering the novelty effect it was helpful 
that all of our participants had previous experience with Google Maps. On the other hand, it 
is reasonable to believe that their previous experience with Google Maps made it difficult for 
the participants to imagine other contexts in which this interaction could be used, because 
the participants considered the map based context as already very suitable. 

A concern with our prototype was that the eye-tracker was sensitive, making it 
challenging for the participants to fixate on a certain position. This aligns with the findings 
by Kumar (2007), who also discovered eye-tracking to be noisy and not stable when fixated 
on an object. The prototype also required the user of the system to be positioned in such a 
way that the camera was able to register their eye movements, additionally proper lighting 
was necessary. In order to handle this situation we could have used an external eye-tracking 
system, but this would have been expensive and also eliminated one of the strengths of the 
system, which is that our prototype makes use of the technology that is already integrated 
into the computer. Overall the participants enjoyed using the prototype and thought that 
using a map as a metaphor was a suitable choice for testing this type of interaction. 

Since we used a prototype and not a fully developed system, we performed a 
calibration/practice session, which we interpreted as a free surf approach. Early on we 
decided that this session would be necessary since we knew from our own experience that 
interacting with the prototype required some practice.  We could confirm that this was a 



 

  18 

good choice from previous research such as Sibert and Jacob (2000) and Kumar (2007), 
which also performed practice sessions with their participants. As it turned out, none of our 
participants had previous experience with eye-tracking systems or with a system that 
combines eye-tracking and speech recognition and were pleased to have a practice session 
before the task based evaluation. 

Since our task based evaluations lasted between 5-10 minutes, one might argue that they 
were too short.  The free surf approach influenced their skills to use the system and made 
them more confident when performing the tasks, hence making the task based evaluation 
progress smoother and faster than expected. Furthermore, the duration of the task based 
evaluations felt appropriate and it is reasonable to believe that a longer session would not 
have led to richer results, because the tasks performed covered all the interaction 
possibilities. Although we were looking for how the users perceived the combination of eye-
tracking and speech recognition, we separated both inputs in the first and second task of the 
evaluation. This gave the participants a chance to differentiate between how they 
experienced and how they felt about the two inputs. Ultimately in the third task the 
participants were able to experience how both inputs performed when combined, which led 
to participants appreciating the combination although they might have disliked one of the 
inputs in a previous task. 

In interview situations the interviewer and the interviewee always influence each other to 
some extent. Our presence, the fact that the interviewees were friends with at least one of us 
and what the interviewees believed we wanted to hear, might have influenced their 
responses. In order to reduce the influence of friendship between the interviewers and the 
informants, the interviews were led by the one of us who was not affiliated with the 
informant. The decision to use semi-structured interviews was firstly based on us being able 
to ask follow-up questions, which would have not been possible in a structured interview. 
Secondly, we could have applied an unstructured interview process, but that would have 
constrained us in being able to make comparisons between the results. We conducted the 
interviews in English, which was not the native language of our interviewees; this could have 
limited them in expressing their thoughts. To assure that we understood the responses of the 
informants correctly we asked follow-up questions, furthermore in order for them to not feel 
limited in their replies, we offered them the possibility to respond in Swedish, since one of us 
is a native Swedish speaker. 

5.2 User perception and imagination 
Even though our prototype was not meant as an entertainment system, a large majority of 
the participants enjoyed using the prototype, they thought it was cool/fun and were 
generally very enthusiastic about it. When asked why they thought it was fun, the most 
common reply involved it being something new or something that they never tried before. 
This can of course be related to the novelty effect (Wells et al., 2010) and therefore it is 
difficult to say if the system would be as fun to use after a certain amount of time. Most of 
the participants experienced the interaction fast and efficient for navigation and that it 
would be superior to mouse and keyboard in some cases. Furthermore the participants were 
impressed and could easily see the usefulness of the interaction. The fact that some of the 
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participants perceived the interaction with the system as natural relates to Dourish’s (2004) 
concept of embodiment, moving the eyes and slightly the head in order to move the map 
accordingly. The same applies for using the voice in order to navigate on the map by saying 
the preferred destination or by using simple voice commands such as “zoom in”. The 
majority of the participants felt relaxed and comfortable when navigating via eyes and 
speech and it was also mentioned that they felt “in control” of the system. On the other hand, 
some participants felt that it was unnatural to perform a slight head movement and needing 
to speak clearer than how they would speak in a human-human interaction. Of course this 
could have affected how the participants perceived the interaction, as well as limiting them 
from imagining other use situations or contexts. To provide the participants with a flawless 
user experience, the prototype would have needed further and more refined development, 
which would have been extremely difficult to achieve in the given amount of time. One of the 
suggestions to improve the user experience was to implement a pause function, which would 
allow the user to pause the eye-tracker from registering eye movement.  Although there were 
some flaws with eye-tracking and speech recognition separately, the participants appreciated 
the combination, because together they offered a full set of interaction possibilities.  As 
opposed to Istance et al. (2008) who made use of eye-tracking alone, which made it 
exhausting for users to initiate commands by solely using the eyes. 

It was difficult for the participants of our evaluations to think about contexts and 
therefore our findings regarding use situations were not as rich as we expected. Although it 
was problematic to think about these situations, the participants still managed to come up 
with ideas, but when asked about how exactly the combination of eye-tracking and speech 
recognition would work in the expressed way, the responses were often impractical. When 
the participants were unable to imagine any use contexts, we prompted them with 
suggestions in order to inspire them. It has to be taken into consideration that imagining 
future technologies leads to a cognitive leap, requiring the human mind to imagine 
something that has not been previously experienced and therefore makes it difficult to 
express thoughts about things that not yet exist. As an alternative way we could have 
conducted follow-up interviews sometime after the first interview to give the participants 
time to reflect. Imagining future use for technology is an established methodology, which 
supports the discovery of innovations (Iacucci, Kuutti, & Ranta, 2000; Crabtree, 2004; 
Ljungblad and Holmquist, 2007), therefore we expected that our participants would be able 
to express richer use situations. In spite of this, the participants managed to suggest ideas 
concerning contexts of use that related to situations and applications which they themselves 
encounter daily. There were two ideas concerning contexts that stood out from the rest. 
Firstly, the example of applying our interaction style to a browser is something we consider 
useful and realistic to implement, we agree with the participants’ thoughts on this 
suggestion. Secondly, a car heads up display that would make use of eye-tracking and speech 
recognition is futuristic and interesting on a conceptual level but perhaps a bit non-realistic 
considering current possibilities in technology.  
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5.3 Suggestions for further research 
Although the Midas touch was not the focus of our research, we found that adding speech 
recognition as a second input source to eye-tracking, enhances the interaction possibilities 
and therefore a potential way of solving the Midas touch. As a way of collecting data with 
better quality, this subject should be studied on a larger and more diverse group of people. 
The cognitive leap associated with imagining something that has not been previously 
experienced, also has to be taken into consideration, in order to provide people with time to 
reflect upon this type of interaction. Furthermore, a fully developed system, in combination 
with better and more precise equipment would be optimal to test the potential of eye-
tracking and speech recognition. For further research it is important to test the interaction in 
a context where it is realistically applicable. For instance, if there is reason to believe that 
this type of interaction could be suitable for public ticket machines, then it should be tested 
in such an environment. We discovered that it is challenging for people to make conclusions 
about contexts in which eye-tracking and speech recognition as a combination is applicable.  

6. Conclusions 
With our ambition to answer our research questions we developed a prototype, we aimed to 
discover how people perceived the combination of eye-tracking and speech recognition as a 
way of interacting with computer systems. We also wanted to know find suitable contexts for 
this type of interaction. The findings indicate that: 

 
x The participants were enthusiastic towards interacting with a computer system by 

using their eyes and their voice 
x The participants had mixed feelings on if the interaction felt natural. This is with 

regards to the limitations of the prototype, having to slightly move the head instead 
of just the eyes and speaking in a way that they would not speak to another human 

x The participants perceived eye-tracking and speech recognition as a suitable 
combination, separately the two inputs could not offer the interaction possibilities 
that users require 

x The participants suggested a function to be able to pause the eye-tracking 
x 9 out of 10 participants perceived the interaction as faster than mouse and keyboard 

 
Although it was challenging for the participants to imagine contexts, the participants 
provided some examples of current and future use situations. These contexts are the 
following: 
 

x Heads up display in cars 
x Video games 
x Extension to current computer systems and applications  
x Public systems 
x People with disabilities 
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We claim that the combination of eye-tracking and speech recognition is a suitable 
interaction style between humans and computer systems and could in some cases become an 
alternative to current ways of interacting. We cannot propose any definite situations in 
which this interaction should or can be used, but we can provide examples of potential 
contexts which the individuals tested in this study see as suitable.  
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Appendix 1. Interview Guide 
Questions concerning the background 

x Age? 

x Gender? 

x Occupation? 

x Google Maps experience? 

x Did you ever use a system with eye-tracking before? 

x Did you ever use a system with speech recognition before? 

 

Questions concerning the interaction 

x Initial impressions and thoughts 

x Did you enjoy using the system? (Why?) 

x How did you experience navigating by solely using the eyes? 

x How did you experience navigating by solely using speech? 

x How did you experience navigating by using the combination? 

x What do you think about the idea in general to use a computer system via eyes and 

speech? 

x How did you experience/perceive using a system without making use of mouse and 

keyboard? (Comparison) 

x Prompting the participant if nothing is said about that earlier:  

Did it feel natural to use this type of interaction  

(If yes, did it feel more natural after practicing a while or did it feel natural right 

away? Why?) 

x Anything else you want to add about the interaction or the prototype? 

 

Questions concerning possible contexts 

x Do you think this type of interaction can be suitable in a different situation (context)? 

(Can you give examples of any contexts that would be suitable? - If not, then we 

provide examples) 

x Do you think this type of interaction can be suitable for a certain type of system (Can 

you give examples of any systems that would be suitable? - If not, inspire them with 

examples like: Ticket machine, mobile application, etc.) 

x Do you think that this type of interaction is useful? Why? 

x Anything else you want to add about the contexts of use? 

 

Can we contact you in case any other questions emerge?
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Appendix 2. Data Analysis process – Affinity Diagram 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Image 4. Data analysis process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

     
Image 5. Affinity diagram 


