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A variety of eye typing systems has been developed during the last decades. Such systems 
can provide support for people who lost the ability to communicate, e.g. patients suffering 
from motor neuron diseases such as amyotrophic lateral sclerosis (ALS). In the current 
retrospective analysis, two eye typing applications were tested (EyeGaze, GazeTalk) by 
ALS patients (N = 4) in order to analyze objective performance measures and subjective 
ratings. An advantage of the EyeGaze system was found for most of the evaluated criteria. 
The results are discussed in respect of the special target population and in relation to 
requirements of eye tracking devices. 
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Introduction 

Being able to express oneself verbally is fundamental 
for quality of life. However, people suffering from high-
level motor disabilities are often not able to carry out 
interpersonal communication fluently (Bates, Donegan, 
Istance, Hansen, & Räihä, 2007). In search for supporting 
communication abilities, progress has been made recently 
by implementations of brain computer interfaces. It was 
shown that EEG registration can allow for controlling a 
computer, e.g. typing (Nijboer et al., 2008). However, the 
same functionality, with less effort for the subjects and 
higher selection rates, can be achieved with gaze tracking 
systems. In fact, a broad range of gaze based computer 
interaction systems is already available, e.g. eye typing 
systems (GazeTalk [Hansen, 2006], Dasher [Ward & 
MacKay, 2002], EyeGaze [Cleveland, 1994]) and gaze 
based entertainment systems (adventure game Road to 
Santiago [Hernandez Sanchiz, 2007], puzzle 

[Vysniauskas, 2007], painting application EyeArt [Meyer 
& Dittmar, 2007]. For patients suffering from a lack of 
possibilities to communicate with their environment, 
especially eye typing systems represent a way to recover 
communicative abilities. Typed text spoken by a com-
puter speech engine can allow for possibilities of verbal 
communication.  

Several approaches for the design of such interfaces 
have been proposed. For instance, Ward and MacKay 
(2002) presented a system, where a dynamically modified 
display provide a highly efficient method of text entry. 
Huckauf and Urbina (this issue) could recently demon-
strate the advances of two-dimensional, circular menus 
containing pie-shaped slices. However, most eye typing 
approaches are still based on on-screen keyboard-like 
interfaces that are driven by gaze movements (see for an 
overview Majaranta & Räihä, 2002). Disabled people can 
regain their ability to communicate by “typing” with their 
eyes. Some of these systems use hierarchical selection 
schemes with and without word prediction units (e.g. 
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Hansen, Hansen, & Johansen, 2001); others rely on a 
single level graphical layout with all possible input possi-
bilities visible at the same time (e.g. Cleveland, 1994, see 
Figure 1, top panel). Using hierarchical selection schemes 
imply that less information is displayed at a time which 
allows larger buttons for the graphical interface (see 
Figure 1, bottom panel). Hence, gaze control becomes 
possible with less accurate (and therefore less expensive) 
eye tracking devices. 

Besides merely technical requirements, usability be-
comes an important issue in evaluating these systems (see 
in particular ISO 9126-1, 2000; ISO 9241-1, 1997). A 
general problem of usability testing is however, that it is 
hardly possible to judge the usability of a system per se 
as the measures have no absolute scale. A reasonable 
approach is therefore to compare two or more systems 
using the same measures (Itoh, Aoki, & Hansen, 2006). 
This comparative approach can be applied to usability 
analysis of eye-typing systems. In the same vein, one of 
the most important aspects of usability is “learn ability”. 
Taking into account a relatively small number of users in 
need of eye-typing interfaces, a small-sample within-
subject (repeated measurement) procedure should be the 
method of choice.  

Another issue that might be of importance for the us-
ability evaluation of eye-typing software is the group of 
potential users. Since the speed of eye typing will always 
be below that of normal conversation (> 100 wpm) these 
systems are mainly developed for disabled people, espe-
cially because gaze typing represents their only means for 
communication. Although it is always emphasized in 
research investigating such systems, that eye-typing so-
lutions are intended to provide support for people who 
cannot use standard keyboard or mouse (Majaranta & 
Räihä, 2002; Ward & MacKay, 2002) in most of the 
studies normal subjects participated (c.f. Hansen, 
Torning, Johansen, Itoh, & Aoki, 2004; Itoh et al., 2006; 
Majaranta, MacKenzie, Aula, & Räihä, 2006) with only 
few exceptions (e.g. Bates et al., 2007; Gips, DiMattia, 
Curran, & Olivieri, 1996). Apart from the fact that testing 
is easier and less time-consuming with normal subjects 
than with disabled people, e.g. ALS patients, this lack of 
empirical work is surprising. Inviting the intended users 
to participate in such an investigation should help to 
adopt the solutions to the users’ needs. Moreover, it can 
be assumed, that the motivation of such users differs from 
that of normal subjects. 

In the present study, two eye-typing systems, namely 
GazeTalk 5.0 (Hansen et al., 2001) and EyeGaze 
(Cleveland, 1994), were used and evaluated by patients 
suffering from amyotrophic lateral sclerosis (ALS). Al-
though both systems have a keyboard like design, 
GazeTalk consists of a hierarchical menu structure in-
cluding a word prediction (Hansen et al., 2001) whereas 
EyeGaze represents a rather simple on-screen keyboard. 
Moreover, we were interested if the participation in the 
experiment influenced the subjective experience of de-
pression.  

Methods 

Participants 
Three female and one male subject ranging in age 

from 47 to 79 years (mean age: 59 years) were included 
into retrospective data analysis. All were diagnosed to 
have a locked-in syndrome caused by ALS according to 
the El Escorial criteria with the subtype of the bulbar 
form. All subjects had normal vision, or by glasses cor-
rected to normal vision and German as first language. 
None of the subjects were able to communicate by voice 
or by manual signs and none of them had previous ex-
perience with eye tracking systems.  

Apparatus and questionnaire materials 
A binocular Eyegaze Analysis System (LC 

Technologies, VA, USA) with remote binocular sampling 
rate of 120 Hz and an accuracy of about 0.45° was used 
in this investigation. Fixations and saccades were defined 
using the fixation detection algorithm supplied by LC 
Technologies: A fixation onset was identified if 6 succes-
sive samples were detected within a range of less than 25 
pixels; accordingly the offset was detected if this criterion 
was not longer valid. Since the EyeGaze software uses an 
internal smoothing algorithm based on 10 data samples 
for cursor movements, we developed a similar eye-mouse 
program for the GazeTalk system using a moving average 
smoothing algorithm with a bin size of 10 samples. 
Therefore, the gaze prediction delays were comparable. 
The dwell selection time was set to 800 ms for both sys-
tems. The EyeGaze system was used in the standard 
QWERTY layout (see Figure 1, top panel). For GazeTalk 
the word prediction was limited to four words; in a pre-
test the word prediction was trained to the used stimuli 
and evaluated.  
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The questionnaire materials comprised two different 
inventories, which also were completed using the gaze to 
control the interface.  

Information about the usability was gathered by the 
ISONORM 9241/10-Short questionnaire (Pataki, Sachse, 
Prümper, & Thüring, 2006). Therefore, seven items re-
garding the usability of both eye-typing systems had to be 
evaluated on a 4-point Liekert scale. 

The rate of depression was explored using the ADI-12 
(Kübler, Winter, Kaiser, Birbaumer, & Hautzinger, 
2005), a short self-report screening questionnaire con-
sisting of 12 items. None of the items refer to somatic or 
motor-related symptoms taking into account the progres-
sive physical impairment which may culminate in severe 
motor paralysis and life sustaining treatment. The ADI-12 
assesses a homogeneous, one-dimensional construct that 
is described as “mood, anhedonia and energy” (Kübler et 
al., 2005). Scores range from ‘0’ (best possible) to ‘48’ 
(worst possible) with scores between 22 and 28 indicating 
mild depression and those above 28 clinically relevant 
symptoms (Kübler et al., 2005). The validity of the ADI-
12 was recently investigated and reported (Hammer, 
Hacker, Hautzinger, Meyer, & Kübler, 2008).  

Procedure 
The main task for the subjects was to type ten blocks 

of sentences with their gaze over a period of five re-
cording sessions at five successive days. Each day two 
blocks were completed. Each block consisted of five 
sentences with 131 characters per block. Sentences were 
German translations of the “Phrase Set” by MacKenzie 
and Soukoreff (2003), which was specifically designed 
for experiments with eye typing. Subjects’ task was to 
type the sentences shown on a laptop computer as fast 
and accurate as possible. For typing only small letters 
were used. Two of the subjects started with GazeTalk and 
other two with EyeGaze (see Figure 1). 

Subsequently, the eye-typing systems were alternated 
between the recording sessions. Moreover, ten minutes 
breaks were given between the blocks. Each block started 
with a 9-point calibration procedure. Before and after 
each recording session the gaze-aware questionnaire was 
completed and every other day the ADI-12 was adminis-
tered. At the end of the final session the usability of both 
eye-typing systems had to be evaluated with the 
ISONORM questionnaire.  

 

Figure 1. Screenshots of the tested eye typing systems, EyeGaze 
(top) and GazeTalk (bottom).GazeTalk used a word prediction 
restricted to four words (see mid left button). The grey rectangle 
indicates the currently selected button and shrinks with 
increasing dwell time. Note: “Rückschritt” means backspace 
and “Leertaste” designates space bar. 

Data Analysis  

Performance data were averaged per subject per ses-
sion and applied to repeated measures ANOVAs. Typing 
speed (characters/min), task efficiency, total and cor-
rected error rates were investigated. To estimate the error 
rates we used the taxonomy suggested by Soukoreff and 
MacKenzie (2003): number of correct inputs (C), number 
of keystrokes invested in error correction (F), number of 
errors made and corrected (IF) and number of errors but 
not corrected (INF). Following this categorisation, the 
total error rate would be (INF + IF) / (C + INF + IF) x 
100% and the corrected error rate would be IF / (C + INF 
+ IF) x 100% (see Soukoreff & MacKenzie, 2003 for 
further details).  
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Task efficiency was estimated considering quantity 
(QN, was set to 100% because our subjects always com-
pleted all sentences), quality (QL, 100% - total error rate) 
and time (T, total time of a session). Hence, task effi-
ciency would be (QN + QL) / T. Questionnaire data was 
pooled and analysed according to the manual instructions 
(Kübler et al., 2005; Pataki et al., 2006). 

One subject did withdraw from participation after the 
third session. Due to the rare availability of data from this 
group of patients, the data recorded so far was included in 
the further data processing. 

Results 
The data was analysed in order to compare typing 

speed, error rate and task efficiency for both eye-typing 
systems. Moreover, differences in the usability evaluation 
were investigated. Finally we compared the subjective 
experience of depression across the recording sessions.  

Typing speed was analysed by a 2 (software) x 5 (ses-
sion) factors repeated measures ANOVA. Significance 
was obtained for the main effects of software, F(1,2) = 
56.26, p = .017, and session, F(4,8) = 10.25, p = .003. 
Testing also revealed a significant interaction between 
software and session, F(4,8) = 6.84, p = .011. Typing 
speed was always higher for EyeGaze than for GazeTalk 
(Ms = 17 vs. 6.8 cpm). Moreover, the difference in typing 
speed between the first and last session was higher for 
EyeGaze than for GazeTalk (Ms = 9.5 vs. 2.1 cpm) as 
qualified by the significant interaction (see Figure 2).  

1 2 3 4 5
0

5

10

15

20

25

Ty
pi

ng
 S

pe
ed

 (C
P

M
)

Recording Session

 

EyeGaze
GazeTalk

 

Figure 2: Mean typing speed across the recording sessions for 
both systems.  

Percentage values of total and corrected error rates 
were entered into two 2 (software) x 5 (session) factors 
repeated measures ANOVAs. Testing for total error rates 
revealed no significance for the main effect software, 
F(1,2) = 8.49, p = .100, but for session, F(4,8) = 5.28, p = 
.022. No further interaction was obtained, F < 1. As de-
picted in Figure 3A, there is a general decrease of the 
total error rate across the sessions for both system (differ-
ence values first – last session: EyeGaze = 14.33; 
GazeTalk = 6.15). However, for the corrected error rate 
testing yielded a reliable effect for software, F(1,2) = 
50.26, p = .019, but not for session, F(4,8) = 3.25, p = 
.073. No further interaction was found, F < 1. Thus, con-
sidering the corrected error rate reveals less errors for the 
use of the EyeGaze software in comparison to the 
GazeTalk system (Ms = 10.94 vs. 22.42; see Figure 3B).  
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Figure 3. Mean percentage of error rates for total error (A) and 
corrected error (B) for both systems across the recording 
sessions.  

Task efficiency was analysed by a 2 (software) x 5 
(session) repeated measures ANOVA. Analysis yielded 
significance for software, F(1,2) = 48.76, p = .020, and 
for session, F(4,8) = 11.02, p = .002. Moreover a sig-
nificant interaction was found, F(4,8) = 6.74, p = .011. 
The difference between both software systems suggests a 
higher task efficiency for the EyeGaze than the GazeTalk 
system (Ms = 11.56 vs. 4.19; see Figure 4). In addition 
the task efficiency improves from the first to the last 
session for the EyeGaze but not for the GazeTalk system 
as qualified by the significant interaction (Ms = 8.20 vs. 
1.34). 
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Figure 4. Mean task efficiency for both systems across the 
recording sessions.  

Moreover, the results of the evaluation of criteria ob-
tained with the ISONORM usability questionnaire (Pataki 
et al., 2006) were analyzed. In general the EyeGaze soft-
ware was rated more positive than GazeTalk on all scales 
(see Figure 5). However, testing for significance with 
single paired Wilcoxon tests for each criterion could not 
confirm this trend, z ≤ 1.84, ps ≥ .05.  
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Figure 5. Mean usability scores for both software systems. 

Depression rate values, collected after the first, third 
and fifth session were applied to a three factorial repeated 
measures ANOVA. We found a slight but not significant 
decrease in depression assessment, F(2,4) = 4.92. p = 
.083 (see Figure 6). Further data need to be collected in 
order to get more precise data about this relationship.  
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Figure 6. Depression scores at the three recording sessions. 

Discussion 

In this retrospective analysis, two eye typing software 
systems, namely GazeTalk and EyeGaze, were compared 
in terms of objective performance measures and sub-
jective usability criteria. In contrast to most previous 
work (e.g. Itoh et al., 2006; Majaranta et al., 2006), in the 
current study patients suffering from ALS participated. 
Since it is documented in the literature that depression is 
associated with survival in ALS patients (McDonald, 
Wiedenfeld, Hillel, Carpenter, & Walter, 1994), we ad-
ditionally used the ADI-12 depression inventory (Kübler 
et al., 2005). 

Due to the very small sample size of N = 4 (and the 
additional withdrawal of one subject after completing half 
of the study) the results of the present research need a 
careful interpretation. Notwithstanding the development 
of gaze based interaction systems mainly aims to support 
communication abilities for people who are suffering 
from the so called locked-in state. The current study 
therefore included a sample from the target population 
into a systematic investigation. 

The results from the objective measurements were 
rather straightforward. First of all, typing speed was 
higher for EyeGaze than for the GazeTalk system. This 
difference was obtained already within the first session; 
during the subsequent recordings a stronger increase in 
typing speed was found for the EyeGaze system. It is 
known that the speed of typing will always be below that 
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of verbal communication. However, using eye typing as a 
means for communication, speed is of great importance 
and will be one of the major criteria of successful appli-
cations. As our results suggest, best performance was 
achieved with a rather simple keyboard design in contrast 
to a system featuring word prediction.   

Although not statistically significant, the total error 
rate was lower for EyeGaze than for GazeTalk. Even 
more the decrease of error rates from the first to the last 
session was 66% for EyeGaze in contrast to only 17% for 
GazeTalk. In terms of corrected errors EyeGaze was also 
superior, although this effect might be due to the lower 
overall error rate for EyeGaze. One reason for the differ-
ent error rates could be the word prediction that was 
available in GazeTalk. In cases where the wrong word 
was selected it had to be deleted characterwise using the 
backspace key. With the EyeGaze words had to be typed 
letter by letter, thus such errors were not possible. Con-
cerning the total error rate a general decrease over the 
recording sessions was found emphasizing that the qual-
ity of eye typing improved relatively fast for our test 
subjects. Nevertheless, during the five sessions fewer 
errors were made using simple keyboard layout without 
additional functions (e.g. word prediction).  

The most important performance criterion is task effi-
ciency, which includes error rate as well as time for task 
completion. Analysis for this criterion revealed that the 
EyeGaze was significantly better than GazeTalk with an 
efficiency value at the last session being three times 
higher. Taken together, all objective performance meas-
ures from the current investigation indicate that eye typ-
ing is faster and more efficient using the EyeGaze sys-
tem. However, even if our results would underline this 
interpretation, at least two points need to be considered in 
relation to this outcome. First, since GazeTalk is based on 
a hierarchical menu system (Hansen et al., 2001) it might 
require more cognitive efforts to get familiar with the 
design and the use of the system. Once the user has be-
come fully acquainted to the functionality of the system, 
the results of such a comparison could be completely 
different. Additionally, the GazeTalk interface supports 
also to control other computer programs such as multi-
media and internet applications. Once the user knows 
how to use the GazeTalk system a huge range of possi-
bilities is available. The second point is closely related to 
the first, the hierarchical design of GazeTalk has the 
advantage that this eye typing system is appropriate for 

low spatial resolution eye-tracking devices (Itoh et al., 
2006). GazeTalks design of the graphical user interface 
with the rather large buttons (see Figure 1) can compen-
sate for spatial inaccuracy as well as for calibration er-
rors. In contrast, for the EyeGaze system with the small 
keys a high spatial resolution and accuracy (<0.5°) is 
essential, which of course increases the cost for such a 
system. A comparison of both systems on a longer time-
scale could provide clarification about these issues.  

However, the outcome of the objective measures is 
also reflected in the subjective assessments. Concerning 
the usability criteria both systems were evaluated rather 
positive, but a nonsignificant superiority of the EyeGaze 
was found. In addition, it should be pointed out that our 
subjects mostly had only little experience with computers 
and typing, both are considerable factors for such an 
investigation (see Helmert et al., this issue). Due to the 
fact that the mean age of our sample was 59 years, it can 
be assumed that at least the experience with computers 
will increase in the population for the next generations. 

For the depression inventory no significant effects 
were obtained. However, it should be mentioned that 
none of our subjects did show clinical relevant symptoms 
of depression.  

Indeed, the biggest critique on our study is the small 
sample size of only four persons, which make the appli-
cation of elaborated statistical tools somewhat problem-
atic. Nevertheless, we think that comparative usability 
studies should be preferably approached in small-size 
within-subject or even longitudinal designs in order to 
improve the eye-typing systems for the sake of those who 
need them most: the disabled users. This can be achieved 
comparing certain features more extensively as done in 
this study, which might result in an integration of those 
features that are the most appropriate.  
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