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Abstract 

In this paper, we describe an exploratory 
experiment in which visual attention on the web is 
compared for people with different cognitive abilities. 
Eye tracking can measure the direction, sequence and 
duration of a web user’s gaze over time. Eye 
movements of participants, with and without dyslexia, 
were recorded by means of a remote eye tracking 
device. Participants completed nine tasks on each of 
six different web sites. Findings indicate marked 
differences between the visual scan paths of dyslexic 
and non-dyslexic web users. Results also provide 
insights as to how eye tracking can be applied to 
assess the usability of interfaces for people with 
special needs and inform the design of accessible 
interactive systems. 

1. Introduction 

As web users navigate complex web sites, it is 
essential that web designers understand the cognitive 
demands placed on users. Eye tracking provides a 
quantitative measure of the web user’s cognitive state 
of mind [8]. Eye tracking devices precisely measure
areas of a web page being looked at, how long users
examine objects of interest with their eyes, and the 
angle of saccadic eye movements from one fixation 
point to another [3]. This method is increasingly being 
recognised as a viable tool for evaluating the usability 
and accessibility of interactive systems in Human-
Computer Interaction (HCI) research [5]. 

Dyslexia is a Specific Learning Difficulty (SpLD) 
affecting reading and writing and associated with 
weakness in working memory, as well as difficulties in 
auditory and visual processing [13]. It has been 
established that dyslexia-related difficulties hinder 
access to web content [10]. Navigating the web and 
keeping track of one’s location within a web site 
introduce a new set of cognitive requirements to the 

reading task, thereby increasing the load on working 
memory for people with dyslexia. Despite the existence 
of web accessibility guidelines, navigational 
requirements of this user population are insufficiently 
addressed. 

Although research has shed considerable light on the 
effect of dyslexia in learning contexts [11,13], little is 
known of how people with SpLDs, particularly 
dyslexics, would be affected by the cognitive demands 
of navigating web pages and interacting with 
hyperlinked navigation structures in way-finding tasks. 
The objective of this study was to gain a better 
understanding of the viewing behaviour of web users
with varying cognitive abilities through eye tracking. 

2. Eye tracking and HCI research 

Eye movement research in cognitive psychology and 
vision science domains has established that the eye
movements of dyslexics vary from non-dyslexics in 
reading and non-reading tasks [11]. There is ample 
evidence that dyslexics exhibit more fixations, more 
backward saccades and longer fixations (e.g. [1,11]). 
Recently, HCI research in diagnostic domains has 
applied eye tracking to examine the visual attention and 
cognitive models of user behaviour on the web [3]. 
Previous studies have used eye tracking to compare 
viewing behaviour of individuals with a range of 
abilities such as comparing the hearing-impaired to
controls [12], comparing expert and novice scanning
patterns, and older web users to younger web users [6].  

The aim of this study was to establish whether 
dyslexia-related deficits have an impact upon visual 
attention on the web in a quantifiable way, and to 
determine if eye movements can provide clues 
regarding the key difficulties that influence navigating 
web structures.  
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3. Expected outcomes  

Visual attention on a web page is measured by 
sequences of fixations and saccades that form what we 
refer to here as scan paths. Prior research has led us to 
derive four predictions for this study. First, eye 
tracking research with hearing-impaired users [12] has 
shown that scan paths of hearing-impaired users are
characterised by scattered and less strategic patterns 
because of difficulties in processing written language, 
which is considered a second language for the hearing-
impaired user population. Phonological processing of 
written language is a key difficulty in dyslexia, and 
hence led us to speculate that dyslexic would exhibit 
less strategic scanning patterns than would non-
dyslexics. Second, HCI research has linked the 
duration and number of fixations on web interfaces to 
difficulties in information processing [4]. This led us to 
predict that dyslexics’ search would be less efficient 
and this would be exhibited in more fixations on web 
pages than would be seen in non-dyslexics. Third, we 
anticipated that dyslexics would experience more 
difficulties in extracting information from web 
navigation structures and this would be exhibited in 
longer fixation durations on web page elements than 
non-dyslexics. Fourth, on the web, users are exposed 
repeatedly to the same navigation structures within a 
web site. Research has suggested that viewers exhibit a 
habitually preferred path in examining a visual stimulus 
that is recalled from a mental model [7]. As dyslexia is 
associated with weakness in working memory, we 
speculate variability in scan paths to be greater in 
dyslexics than non-dyslexic controls in repeated 
exposure to web navigation structures. 

4. Method 

The study was conducted in the Interaction Lab of the 
Centre for HCI Design in City University London. In a 
within-subjects experimental design, we compared eye 
movements of dyslexics and non-dyslexic controls in 
an unconstrained search on a selected sample of web 
sites.  

4.1. Participants 
Seven participants, five female and two male, took 

part in this exploratory experiment. Two participants 
had a formal diagnosis of developmental dyslexia from 
a chartered educational psychologist. The other five 
were recruited as controls. Ages ranged between 22 
and 40, with a mean (M) of 31 years and standard 
deviation (SD) of 6.7 years. All participants have been 
using the web for at least 7 years (M= 9.7, SD= 1.4 
years), and spend 11 hours or more per week online.

4.2. Apparatus 
Eye movements were recorded using a Tobii x50 

stand-alone eye tracker, with a sampling rate of 50 Hz 
and accuracy of 0.5 degrees. One PC running MS 
Windows XP was used to run the experiment in a dual-
monitor experimental setup. The participants’ monitor 
had a 15-inch flat panel LCD; the experimenter’s 
monitor was a 17.5x14.4 inch flat panel display. 
Freedom of head movement was 30x15x20cm at a 
viewing distance of 60cm. 

4.3. Experimental design 
Participants were tested individually and had given 

their informed consent prior to starting the session. It 
was explained to participants that we are interested in 
how web users navigate web sites to find information. 
Two computerised assessments designed to screen for 
dyslexia and susceptibility to visual stress were 
administered to all participants: Lucid Research’s 
Adult Dyslexia Screening (LADS) and Visual Stress 
Screener (ViSS).  Following that, a 5-point calibration 
with the eye tracker was conducted. Each participant 
completed two training tasks and nine experimental 
tasks. Six web sites that varied in web accessibility 
compliance were selected; these are shown in Table 1. 

Table 1 Experimental design 
 Condition 1 Condition 2 Condition 3 

Task Navigation Navigation Information 

Web
sites 

EdenSkills Ebay EdenSkills
BBC Telegraph BBC
Tesco Yahoo Tesco 

A within-subjects design enabled comparison across 
all participants for completing 6 navigation tasks and 3 
informational type tasks, classification being based on 
Broder’s web taxonomy [2]. Navigation tasks involved 
finding specific pages on a web site; informational 
tasks involved finding specific information (e.g. 
contact number) on a web page. Comparison of 
stimulus of different accessibility conformance was
facilitated by examining eye movement metrics in the 
two groups of navigation tasks: conditions 1 (Level-A 
compliant) and 2 (non- compliant with W3C’s WCAG 
accessibility guidelines [14]. The influence of repeated 
exposure to web sites and variations in task type was 
explored in comparing visual attention in conditions 1 
and 3. Web sites within each experimental condition 
were randomised to control for order effects. 

718

Authorized licensed use limited to: UNIVERSITY OF KENT. Downloaded on February 25,2010 at 07:35:32 EST from IEEE Xplore.  Restrictions apply. 



5. Results and discussion 

5.1. Participant profiles 
Dyslexia screening revealed a high indication of 

dyslexia on cognitive measures for the two dyslexic 
participants, and a low overall probability of dyslexia 
for the non-dyslexic controls, with the exception of one 
control participant. LADS screening indicated a high 
probability of this control participant having dyslexia, 
suggesting that this was a case of an undiagnosed 
dyslexic. The problem of having un-diagnosed 
dyslexics in the recruited sample is not surprising, as 
dyslexia is estimated to affect up to 10% of the 
population. Data for this participant was excluded from 
analysis. 

Screening measures for dyslexia-related cognitive 
abilities were on a 9-point scale and showed that 
dyslexic participants scored higher in difficulties with 
phonological processing (M=8.5, SD=0.7) than did the 
controls (M=3.75, SD=1.5). Participants in both groups 
were in the moderate range of lexical access abilities, 
with word recognition scores of 3.5 (SD=2.1) for 
dyslexics and 4.3 (SD=1.7) for controls. Working 
memory was weaker in dyslexic participants (M=4.5, 
SD =2.1) when compared to controls (M=2, SD=1.2). 

Screening for visual stress revealed that one dyslexic 
participant had high susceptibility to visual stress (this 
participant had Meares-Irlen Syndrome) and all other 
participants had low susceptibility to visual stress. 

5.2. Reaction time 
Table 2 shows the time taken to complete tasks by 

participants. Findings indicate that reaction time over 
all tasks combined were slower in the dyslexic group 
when compared to reaction time of the control group.  

Table 2 Time on tasks in the 3 conditions (seconds)
 Experimental conditions 

All tasks  
1 2 3

Dyslexics 
M(SD) 

70.6s 
(46.5) 

34.9s 
(4.5) 

38.5s 
(7.8) 

144.0s 

Controls 
M(SD) 

26.4 
(4.4) 

30.7 
(3.4) 

60.1 
(11) 

117.2s 

5.3. Eye tracking metrics  
Table 3 shows eye movement metrics of participants 

in both groups. A salient trend in eye movement data is 
that dyslexics exhibited more fixations, more overall 
gaze time (indicating longer global processing time on 
web sites), and higher mean fixation duration 
(indicating more local processing on web elements).  

These findings support our 2nd and 3rd predictions and 
suggest that dyslexics experience more difficulties in 
processing information in web navigation structures.

Table 3 Eye movement metrics for each group 
Eye movement metric Dyslexic Control 

Number of fixations (count) 332 304 
Total fixation duration (sec) 134.7 115.6 
Mean fixation duration (sec) 0.433 0.409 

While higher numbers of fixations suggest that 
dyslexics’ searches were less efficient than those of 
non-dyslexics, longer overall gaze time and mean 
fixation duration suggests that dyslexics exhibited more 
cognitive effort in processing information on web 
pages in their navigation than non-dyslexics. 
Comparisons between sites with variability in 
conformance to established accessibility guidelines 
(conditions 1 and 2) yielded mixed results. Thus it was 
not clear if it directly influences eye movement metrics. 

5.4. Viewing patterns 
Scan paths of participants can be visualised in static 

images, called heat maps, overlaid over web pages. 
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Figure 1 Aggregate viewing patterns of participants
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Heat maps have gradient colours indicating the number 
of fixations on different regions of the web page, with 
red indicating the highest number of fixations on a 
region and green indicating the lowest.  

Analysis of the scan paths revealed marked 
differences in the viewing patterns of the two groups, 
as can be seen in Figure 1. In this task, participants 
were asked to locate the page for ‘Music News’ on the 
BBC web site. The combined gaze of controls shows a 
directed search that was focused in the main navigation 
area on the left side of the home page. In contrast, the 
combined gaze of dyslexics shows scattered regions of 
interest. It is evident that the resulting viewing patterns 
have contrastingly different spatial distributions and 
yield clues to variations between dyslexics’ attentional 
strategies and those of the non-dyslexic controls. 
Dyslexic viewing patterns appear less strategic and 
more scattered than viewing patterns of controls. This 
is in line with the findings of Namatame & Kitajima 
[12]. In their study comparing eye movements of web 
users with hearing-impairments to controls, the scan 
paths of controls were found to be more strategic than 
for hearing-impaired web users. 
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Figure 2 Gaze plots of fixations on EdenSkills 

Dyslexics, particularly those with phonological 
processing deficits, share common traits with hearing-
impaired web users in experiencing difficulties with 
processing written language. For non-dyslexics, the 
written language is a representation of the spoken 
language. However, for the hearing-impaired, written 
language is an abstract representation of symbols. 

These findings suggest that the case may be similar 
with dyslexics, who find decoding words a cognitively 
demanding task. 

Gaze plots show sequences of eye fixations, each as a 
numbered circle with radius relative to fixation 
duration. These static images revealed that dyslexics 
revisited key navigation areas more than controls. The 
example shown in Figure 3 in the Eden Skills stimulus 
is typical of the behaviour that was observed. After the 
initial examination of the navigation menu, the dyslexic 
participant required 3 revisits to the area and 2 re-
examinations of the target link before selecting the link. 
In contrast, the control participant exhibited a directed 
search and was able to conduct the same task with one 
systematic scan of the menu.  

The viewing patterns of dyslexics described here, 
together with higher number of fixations and slower 
reaction times exhibited by dyslexics support our 1st

prediction that dyslexics would exhibit less strategic 
search patterns on the web. 

5.5. Scan paths in repeated exposure to web 
navigation structures 

A string-edit methodology was used to compare scan 
paths in repeated exposure to web site home pages. 
Sequences of Areas of Interest (AOIs) examined by 
participants were compared and the Levenshtein 
distance was calculated to provide a measure of 
similarity between the two scan paths in the first and 
second exposures [9]. A balanced sample of 2 
dyslexics and 2 non-dyslexic controls was selected for 
this exploratory analysis. Table 4 shows the distance 
between sequences of AOIs viewed in conditions 1 and 
3. Average distance in the dyslexic group was higher 
(M=15.33, SD=3.3) than non-dyslexic controls 
(M=14.83, SD=2.6). This finding supports our 4th

prediction that dyslexics exhibit more variability in 
their scan paths in repeated exposure to web pages.

Table 4 Similarity indices of scan paths in repeated 
exposure to web navigation structures 

Levenshtein Distance 
Dyslexics Controls

D1 D2 C1 C2 

Stimuli 
Eden 7 6 6 16 
BBC 22 20 19 22 
Tesco 24 13 14 12

To investigate if scan paths were subject-driven or 
stimulus-driven, we examined distances between all 
possible sequence combinations. This approach 
enabled the detection of the closest pairs of sequences 
in viewing patterns across all participants and all 
exposures to the same stimulus. One sequence distance 
matrix was generated for the BBC stimuli. Similarity 
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among scan paths of different viewers was higher than 
the similarity among scan paths of the same viewer 
repeatedly exposed to the same stimuli. Furthermore, 
the three closest scan paths in our sample were from 
the same tasks (i.e. second exposure to the BBC web 
site). This finding provides support in two ways to the 
argument that viewing patterns are task and stimulus-
dependent. First, more similar pattern were observed 
for different users than for same users on the same 
stimulus. This finding is in line with the findings of 
Josephson and Holmes [7] which suggest that features 
of the web page such as layout and salient elements, 
influence visual attention in exploring a scene in the 
first few seconds of exposure. Second, more similarity 
was found on patterns on the stimulus for the same 
task, which shows that viewing behaviour is task-
dependent.  

5. Conclusion and future work 

This study presented an experiment that combines 
evidence of viewing behaviour of users in web 
navigation, with a comparison between the viewing 
patterns of individuals with and without dyslexia. 
Results revealed marked differences in the scan paths 
of the two groups, and yielded insights about the nature 
of cognitive processing of people with dyslexia. 
Viewing patterns of people with dyslexia were found to 
be less strategic in navigating web sites. Using string-
edit analyses, we were able to demonstrate evidence of 
higher similarity of scan paths of different participants 
over the same stimulus than scan paths of the same 
participant repeatedly exposed to the same web site, 
which suggests that viewing patterns tend to be more 
stimulus-driven than subject-driven.  

This study has established baseline eye movement 
data in the context of the web for the dyslexic user 
population. We have conducted a follow-up study that 
further investigates the findings of this exploratory 
experiment with a larger sample of users and stimulus.  
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