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ABSTRACT 

We live in a world where the average life expectancy is 

increasing year on year. With this, we are seeing more and 

more diagnoses of dementia in older adults. At the same time 

technology is becoming increasingly important to people and 

a key way for them to stay connected. Mobile technology is 

perhaps one of the most important innovations in recent 

years, helping people stay connected. People have been 

growing up and growing old with these technologies and it is 

important for them to continue using these mobile devices in 

to old age.  

With more people being diagnosed with dementia, it will 

become increasingly difficult for people to use these mobile 

devices as their diagnosis progresses. What this study aims 

to investigate is understanding how people with dementia 

look at objects on a smart device interface. 

This study will do this in two phases. First, we will 

investigate the differences between younger and older 

groups without any cognitive impairments to see how age 

influences oculomotor function, specifically fixations and 

saccades. Secondly, we will compare these results to existing 

literature on abnormalities in oculomotor function in people 

with dementia. 

The aim is to use these findings to help create an 

understanding of what is required from design to help people 

use smart devices for longer in to their diagnosis of dementia. 

A secondary aim is to help improve the design of smart 

devices for a wider range of people, particularly healthy, 

older individuals who may be struggling to use these devices 

due to age related issues in eye-movement.  
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1. INTRODUCTION 

Over the past decade, mobile technology, such as 

smartphones, tablets, and laptops have become more 

advanced and increasingly ubiquitous. For example, 

smartphone ownership has increased from 39% of UK adults 

in 2012, to 66% in 2014. The 55-64 age bracket particularly 

has increased their smartphone usage from 19% in 2012, to 

50% in 2014. It is therefore increasingly important to 

consider this age group’s needs when designing applications 

for mobile technology.[32]  

The Office of National Statistics (ONS) projects that the 

population of people over 60 will increase from 

approximately 15 million in 2014, to 22 million in 2035. This 

is an increase of approximately 46%, compared to the 

general population that will only increase by 14% in that 

time. Therefore, it can be assumed that as the number of 

people over 60 increases, so will the number of people in this 

group who use smartphones [34].  

With an ageing population, there will also be an increase in 

people with age-related impairments and diseases. Dementia, 

particularly typical Alzheimer’s Disease (tAD), has become 

more common as people live longer [4], It has become the 

leading cause of death in the UK [33].  

Dementia is a wide-ranging term to describe several 

degenerative cognitive conditions that directly affect the 

brain, including tAD, but also dementia with Lewy Bodies 

(DLB) and Posterior Cortical Atrophy (PCA). Dementia is 

usually associated with symptoms such as memory loss and 

disorientation [11]. There is a temptation when discussing 

dementia to focus on the impact that such a diagnosis has on 

a person’s memory. This does not present a whole picture 

and creates a distorted idea of the contributions people with 

dementia (PwD) can still have to society [5].  

The implication of this is that increasingly people with 

dementia will be able to use and presumably want to continue 

to use mobile devices. This should have an impact on how 

we design for an ageing population that may have cognitive 

impairments that prevent them from using these devices as 
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effectively as they might once have. Therefore, design of 

applications will need to cater for the needs of this population 

if people are to be able to use them effectively over their 

lifetime.  

We have seen over the past 20 years a rapid change in the 

way mobile devices are used. They allow people to connect 

with each other for relatively little cost and it is important for 

people to continue using these devices to help them remain 

connected. It is not just for communication that people are 

becoming more reliant on these smart mobile devices; smart 

devices have become an all in one toolkit. With integrated 

software and hardware ranging from alarm clocks to GPS 

mapping devices, and high-end cameras, it is important that 

this technology remains usable for people as they age. Whilst 

we are increasingly used to relying on smart technology, 

there is still a question of if we will be able to use 

smartphones as effectively as we age? 

There is a growing number of features on mainstream 

technologies such as the iPhone to help people with 

disabilities interact with and use the technology. These, 

however have been focussed on sensory loses, such as sight 

and hearing. There is little evidence that this trend of 

increased accessibility has reached those with cognitive 

impairments, such as dementia.  

Research Question 

The intention of this study is to investigate the question of: 

Does ageing have an impact on fixations and saccades? 

Understanding how people of different ages interact and 

view devices will be useful in informing design going 

forward. To develop this understanding, an eye tracking 

study was conducted to measure the saccades and fixations 

whilst playing the Sea Hero Quest game. These saccades and 

fixations were compared across two age groups, 18 to 40, and 

over 60s, to see how age affected fixations and saccades. 

We will then compare the results of this study to existing 

research conducted by Shakespeare et al [40]. In their study, 

they investigated abnormal fixations and saccades in people 

with a rare form of dementia called posterior cortical atrophy 

(PCA), people with tAD, and age matched healthy controls.  

Other studies have generally looked at wider fields of view, 

usually with no restriction on the size of the field of view 

[1,21,28,47]. This study instead will be examining fixations 

and saccades whilst using a smart device, the field of view 

will be relatively small, less than 30°. Therefore, it is 

intended that the results of this study will contribute to the 

development of mobile application design guidelines for 

PwD.  

2. LITERATURE REVIEW 

In the following chapter, we will report the literature 

surrounding assistive technology and dementia, along with 

the impact it has on two important groups; carers, and people 

with dementia. We will also be investigating the clinical uses 

for assistive technology in dementia. 

We will conduct an in depth review of Shakespeare et al [40], 

as well as other studies that have been conducted on the 

impact of ageing on eye-movement. Finally, we will also 

investigate how eye tracking can be used to determine certain 

metrics on how people look at stimuli. 

Assistive Technology for Dementia 

An increasing amount of attention is being paid to dementia 

and technological interventions. In July 2003, the Intel 

Corporation, in association with the American Alzheimer’s 

Association created the Everyday Technologies for 

Alzheimer’s Care (ETAC) which gives grants to fund 

research into developing new models of dementia care using 

new and existing technology [51]. 

This has helped develop a considerable amount of research 

in to how technology can be used to assist people with 

dementia [9,18,29,31,42]. These technologies fit into three 

main themes: 

• technology to support carers in assisting PwD 

• supporting PwD themselves 

• technology to aid clinicians who treat PwD. 

 

Here we focus on PwD themselves. There are a number of 

products available, such as iWander [41], which look to 

alleviate the pressure faced by carers.  

The aim of the technology is to replace some aspects of the 

work of a carer. With the iWander app, the target audience 

are carers who live far away from the person with dementia, 

i.e. at least an hour’s travel away. iWander introduces the 

ability to care remotely for someone with dementia thus 

reducing stress and the financial burden of caring for 

someone. The app gathers various data about the person with 

dementia, such as their location, what time it is, and the 

current weather. Using Bayesian networks, the app can then 

determine the probability that this person is wandering. If the 

app determines a person is wandering, it can alert the person 

with dementia, as well as, if necessary appropriate other 

people, such as the carer, or emergency services. 

Design Process 

There is a significant amount of technology being used to 

assist those with dementia directly. They range from task 

specific solutions, such as cooker monitors [2] that detect 

when the hob is overheating and turns off the heat, to more 

general apps such as TAUT (Technology Adoption and 

Usage Tool) [15] that give reminders and notifications to 

PwD, There are homes built around PwD [35] and even a 

village in The Netherlands built for the purpose of caring for 

PwD [50]. The aim of these technologies is to reduce the 

need for PwD to remember things, such as turning off the 

hob, and therefore improving safety for PwD, particularly 

those still living independently. 

A recent piece of assistive technology is the CIRCA device, 

developed by Alm et al [3]. This device helps promote 
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communication between people with dementia and their 

carers using reminiscence. The device prompts the person 

with dementia with different stimuli, such as films or 

photographs. Traditional reminiscence therapy involves 

group sessions which are led by a facilitator. These often 

use physical media, such as photos [6]. CIRCA however 

allows the PwD to lead the session. In fact, it actively 

encourages the PwD to investigate and get ‘lost’ in the 

activities.  

The investigative and forgiving nature of CIRCA helps 

promote conversations between the PwD and their carer and 

allows the PwD to lead on conversations, choosing their own 

topics, rather than having their carer do the prompting. The 

benefit of the device seems to come from it being person-

centric rather than device-centric [6]. 

When looking at technology for PwD to use, we first need to 

understand what PwD need from their technology. With 

participatory design, PwD can take ownership of the creation 

of the product, rather than being someone on which a product 

is being tested. 

Lindsay et al [23] look at this in some depth, discussing also 

the importance of empathy. They highlight that when 

designing for PwD, there is a tendency towards designing for 

the impairments and not the person. This reduces the 

experience the user has, as focus is removed from the person; 

“people are not just the sum of their acquired impairments” 

[ibid p1].  

Empathy is one problem for designers as a designer’s life 

experience is going to be very different from someone with 

dementia. Designing with this gulf in place can be very 

difficult, and the product can end up being something that the 

user does not need or want. Lindsay et al therefore aims to 

introduce empathic relationships to participatory design [23]. 

There are already many advantages to the participatory 

design process, such as giving the users a say in the process 

as well as bringing designer and user closer together, which 

can facilitate the introduction of empathic relationships. 

Where participatory design struggles is when considering 

PwD. Lindsay et al also state that there is an inherent 

assumption that there are tasks that need to be understood, 

whereas what is needed instead is a more holistic approach 

to the experiences of PwD in everyday life. 

Lindsay et al also highlight the dangers of talking purely to 

the carer. A result of doing so is that technologies focus on 

safety, which can be seen in products such as iWander and 

the cooking hob monitor. However, when the person with 

dementia is involved more closely, there is a tendency 

towards products being around social interaction, 

reminiscence, or assistance with daily living.  

To assist with this holistic approach, Lindsay et al used what 

they call the KITE approach as shown in figure 1 [23]. This 

provided accounts of the experiences of PwD and required 

the designers to engage with them uncritically. In doing so, 

this helped the designers engage empathically with PwD. 

Whether the accounts were factually accurate was not a 

primary concern, as a PwD’s experiences are still valid 

regardless of accuracy. This gives the PwD the confidence 

that they can say what they feel without feeling as if they 

must justify it.  

The KITE project highlighted several concerns for PwD in 

the design process, such as not wanting devices that 

identified them as having dementia. Similarly, it highlighted 

how difficult it is for designers to remove their own biases 

and interpretations of data, which in turn can disempower the 

PwD.  

Another study discussed the lessons learnt from using 

participatory design with PwD [25]. They developed a touch 

screen application to support PwD in their homes. Through 

the process of participatory design, they describe their 

observations and lessons learned, ending with a series of 

seven guidelines for working and designing for PwD.  

Tracking and Treating Dementia with ICT 

Technology is being increasingly used to help clinicians 

track and treat dementia. A prime example of this is Mobi-

Cog, which is a mobile version of the Mini-Cog test [8], 

issued as a quick way to assess a person’s level of dementia. 

Figure 1 The KITE process as described in [23] 
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The Mobi-Cog behaves the same, except that it is issued on 

a large screen tablet device. Mobi-Cog uses three tasks to 

make the assessment;  

Figure 2: PwD is asked to remember three words. 

Figure 3: PwD is asked to draw a clock face, as well as the 

hands to indicate a specific time. 

Figure 4: to write down the three words that were shown in 

task 1. 

Figure 5: test scores are then presented to the PwD. 

This test can be administered by the carer if need be, but 

primarily the PwD should be allowed to perform the test by 

themselves [30]. Mini-cog, and by extension, Mobi-Cog, are 

not intended to give the PwD immediate results as to the level 

of their dementia; instead, the test scores still need to be 

interpreted by an expert doctor.  

The advantage that Mobi-cog holds over the standard mini-

cog test is that the test scores can be automatically evaluated 

(see figure 5), which in turn reduces human error in any 

assessment. These results can then be easily shared with the 

doctor or caregiver. 

Unfortunately, the Mobi-Cog app was only tested on a much 

younger age group (20 – 40 years old) with no history of 

cognitive conditions [30]. Therefore, it is hard to evaluate 

from this paper how useful the app would be for PwD. 

Furthermore, suggestions made by participants may be 

impacted by their own biases on what dementia means, and 

may not necessarily be applicable to PwD. 

Sea Hero Quest 

An interesting take on gathering data from PwD by 

researchers has been through gamification, where gaming 

principles are used in non-gaming context [38]. Sea Hero 

Quest is a recent example of this, where a mobile phone 

application for iOS and Android has been developed to help 

researchers gather data about dementia, although the game is 

not a test for dementia itself. The app can be downloaded by 

anyone, regardless of cognitive ability [48]. Sea Hero Quest 

aims to create a baseline against which dementia can be 

tested. Rather than focusing on memory, the app instead 

focusses on spatial navigation. When someone plays the app, 

data is sent to the research team about the user’s spatial 

navigation ability. The data is relayed back to the research 

team in a form similar to a heat map. Using this data, the 

team can form a picture of how people are navigating the 

labyrinths in the game and eventually form a global 

benchmark for spatial navigation [12]. 

The app has been played collectively for over 63 years, 

providing the researchers with over 9500 years’ worth of 

data [49]. The data has already been used to provide some 

insights in to how ageing affects spatial navigation, such as 

navigational abilities begin to decline around the age of 19 

and how men and women differ in their navigational 

strategies [46].  

A new version of the game has just been launched in virtual 

reality (VR). By expanding the game in to VR, the team hope 

to utilize the intuitive nature of moving around in this 

medium to reach a wider audience. It is hoped that this will 

help collect more accurate data whilst also increasing 

immersion and fun for the people playing it [12]. At the time 

of writing, the VR version of the game had only been 

available for two weeks so unfortunately there is no data yet 

available for this study to discuss. 

Abnormalities  

Shakespeare et al [40] investigate the abnormalities in 

fixations, saccades and smooth pursuit in a rare form of 

dementia called posterior cortical atrophy (PCA). PCA will 

usually affect the visual centres of the brain, leaving the 

memory intact. In their study, they compare these 

Figure 4 Task 3 Recall and 

enter the words from task 1 
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abnormalities in people with PCA against people with tAD 

and age matched healthy controls. 

There were several significant effects observed on all three 

tasks between the three groups. Whilst we’re mainly 

concerned with the differences between the tAD and control 

group, it is worth quickly exploring the differences between 

PCA and healthy controls to gain a more complete picture of 

the effect dementia has on people.  

In the fixation tasks, they found that people with PCA had 

significantly shorter fixation periods than healthy controls (p 

= 0.002). The saccadic performance tasks also demonstrated 

significance between the three groups, with people with PCA 

having significantly degraded performance in all measures 

except velocity, where there was no significant difference 

between people with PCA and the healthy controls (p = 

0.33). Significant differences were also found in the 

sinusoidal pursuit task between the PCA group and the 

healthy controls. There was a significantly lower pursuit gain 

(p < 0.001), and significantly more saccades (p < 0.001). 

However, there was only a trend towards a lower pursuit gain 

between PCA and tAD groups (p = 0.09) and no significance 

in the number of saccades made (p = 0.94) 

The differences between people with tAD and the healthy 

controls are of the most interest to our study. These results 

will be used later in this paper to give a further comparison 

to the results of the eye-tracking trials from the two groups 

in our study. As with the PCA group, there were many 

significant differences between people with tAD and the 

control group.  

The longest fixation duration for tAD was significantly 

shorter than the control group (p = 0.002). Significant 

differences were also found in the number of square wave 

jerks between the two groups. Shakespeare et al also briefly 

mention that an increase in square wave jerks is associated 

with advancing age. This could suggest that in our study, we 

will see some evidence of this through slightly shorter 

fixation durations.  

Saccadic performance in the saccade task however was not 

severely affected by tAD. Only one measure, velocity, had a 

significant difference between people with tAD and the 

healthy controls (p = 0.005). All other measures in the 

saccade task were non-significant at all levels (5°, 10°, and 

15°). 

However, in the sinusoidal pursuit task, there were 

significant differences between the tAD and healthy group. 

The tAD group made significantly lower pursuit gains (p = 

0.01) and significantly more saccades than the healthy 

control group (p < 0.001). 

This suggests that fixations are somewhat affected by tAD, 

whilst saccadic performance is not affected except for the 

saccade velocity.  

Effects of Ageing on Eyes 

To get a complete understanding of how tAD affects eye-

movements, we also need to know what the current 

understanding is on ageing’s impact on the eyes. It has 

already been demonstrated that tAD patients had shorter 

fixation periods than age matched healthy controls, but are 

there similar trends between different age groups. 

Munoz et al [28] looked at 168 people between the age of 5 

and 79 with no visual or cognitive impairments to see if 

saccadic performance was impacted by age.  

They set up two tasks, a pro-saccadic task and an anti-

saccadic task. The pro-saccadic task involved looking at a 

fixation point to an eccentric target that would randomly 

appear at 20° left or right of the fixation point. There were 

two conditions within this task: an overlap condition, where 

the fixation point remained visible when the eccentric target 

appeared, and a gap condition, where the fixation point 

disappeared 200ms before the appearance of the eccentric 

target. 

The anti-saccade task was much the same except that the 

participant was asked to look to the opposite side of the 

vertical meridian to the eccentric target when that appeared.  

A saccadic reaction time (SRT) was then measured for the 

different tasks and conditions and compared against the 

different age groups. What Munoz et al found was that there 

were longer (>300ms) SRT times for both the two youngest 

age groups (5 to 8 years old, and 9 to 11 years old) and the 

oldest age group (70 to 79 years old) in both the pro-saccade 

and anti-saccade tasks. The shortest SRTs appeared in the 

12-14 and 15-17 age groups with a trend towards SRTs 

getting longer as the participants got older.  

Abel et al [1] looked more generally at the characteristics of 

saccades and the effect of age. Forty people were recorded in 

the study, split in to two groups. A young group of 23 people 

consisting of individuals between 18 and 37 and an old group 

of 11 people between 59 to 87 years old. The remaining 

subjects were between these age groups.  

They found that there were significant differences between 

the age groups on saccadic latency (p <0.05, young group 

mean = 229.8ms, old group mean = 275.2ms). However, they 

found no overall significant effect of age on saccadic 

velocity, with some of the older participants having higher 

saccadic velocities that the younger participants. The study 

also found no overall significant effect of age on saccadic 

amplitude, but for specific amplitudes under 20°, they did 

find some significance (p < 0.05). 

Fixations seem to be less affected by age. Kramer at al [21] 

found that there was no significant difference between the 

fixation duration of older adults, aged between 65 and 75, or 

younger adults, aged between 19 and 26. They conducted 

two experiments looking at reaction time to task-irrelevant 

new objects, and whilst reaction time was faster with the 

younger age group, corroborating the evidence shown in 
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[28], fixation durations were not significantly different (p > 

.55, 106ms fixation duration for younger adults and 122ms 

for older adults). It would also seem that the increase in 

square wave jerks in older populations, as mentioned in [40], 

is not great enough to cause a significant effect on the 

duration of fixations between younger and older groups. 

Presbyopia 

There are potentially physiological conditions, such as 

presbyopia, that could account for some of the differences 

we see between the age groups. Presbyopia is the most 

common cause of age related changes to eye function [17]. It 

is a form of refractive error analogous to long-sightedness, 

that is brought on by ageing. With presbyopia, the muscles 

around the lens will lose their flexibility, which will inhibit 

the ability of the lens to focus. It is possible for this to 

progress to a stage where the lens is no longer able to change 

shape, or focus on nearby objects. In this state, the person 

can usually see objects far away, but will struggle to see 

objects close to them. Presbyopia usually begins around the 

age of 40, getting progressively more severe as a person ages. 

In most cases, it can be corrected by prescribing reading 

glasses, or bi-focal or varifocal glasses [26].  

Eye-Tracking 

Eye tracking provides a useful method of understanding how 

people look at images, videos, or scenes. It allows 

researchers to know where people are looking at a specific 

moment, and how their eyes are moving around the given 

stimulus.  

Eye-trackers have been used for over 100 years as a way of 

measuring eye movements [37]. Over time, they have 

evolved from invasive techniques using electrodes around 

the eye and large contact lenses with a metal coil to less 

invasive techniques today, which use a video of the eye to 

find where a person is looking.  

There are a variety of different types of eye-trackers on the 

market and they range from the simple to the complex. 

However, the majority rely on a desktop or laptop computer 

with an attached infrared camera that projects a reflection 

pattern on the eyes that can then be used by sensors to obtain 

metrics on eye-movement. The metrics can then be used by 

the host computer to determine where the person is looking, 

also known as their point of regard.  

Eye-tracking glasses, such as those by Tobii and SMI 

Research, are another option for investigating eye-

movement. These have infrared cameras that sit underneath 

each eye, tracking its movement, and a forward-facing 

camera that sits on the bridge of the glasses, capturing what 

the participant is looking at. The host computer can then map 

the feeds together to produce the metrics for the movement 

of the eyes. 

Another method that is starting to appear is to use the inbuilt 

cameras on smartphones and tablets. There are companies 

such as Umoove which have developed software only 

applications for tracking eye and face movement [44]. This 

potentially could lead to eye-tracking becoming more widely 

available for research as well as leisure. 

Metrics 

Whilst there may be a variety in the types of eye-trackers 

available, they will often collect the same metrics. These 

metrics are based on three main event types – fixations, 

saccades, and blinks.  

Fixations 

A fixation event is defined as when the eyes are relatively 

stationary for a period, usually to process the information 

that they are looking at. These fixations can be interpreted in 

several ways depending on the context. For example, when 

reading, there may be a large number of short duration 

fixations (less than 100ms), whereas if a participant is 

searching for something, a large number of short duration 

fixations may mean that the target is difficult to find [36]. 

There are many metrics associated with fixations but this 

paper will only outline a key few that are of interest to this 

study:  

Number of fixations – this is the number of times a person 

fixates on items over the period of the trial. For healthy 

people, this is an indicator of how efficiently someone is 

searching for a target. More fixations would indicate a sub-

optimal layout of the interface [14].  

Fixation duration – which is the length of time that a person 

is looking at an item. Longer fixations can indicate one of 

two things in healthy individuals, either the target is not 

easily understandable, or the target is more engaging. This is 

dependent on the context of the target [20].  

Gaze – the cumulative number of fixations in an area, for 

example a part of an image may draw the attention of the 

person more than another part [36]. 

Saccades 

Saccade events are often described as the period between 

fixation events . They are identified by their quick eye-

movements. These events can help us understand how a 

person searches for targets and what is drawing attention. 

The movement of the eye does not necessarily indicate a 

saccade, as there are also smooth pursuits, which have lower 

velocities and will have a larger duration.  

As with fixations, there are many metrics associated with 

saccades but this paper will only be outlining the few 

pertinent to this study: 

Number of saccades – the number of times the eye moves 

rapidly from one point to another. A higher number of 

saccades is indicative of more searching [13].  

Saccade amplitude – the angular distance the eye travels 

during movement. There is a strong correlation between the 

amplitude of a saccade an its velocity, with the velocity 

plateauing when the amplitude reaches approximately 60° 

[7]. 
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Peak velocity – the maximum velocity of the saccade. For 

example, searching tasks may often have higher peak 

velocities than reading tasks due to the larger amplitudes 

involved in searching compared to reading.  

Blinks 

Blink events are when the eye has involuntary closed and 

opened the eyelid. This prevents the camera from detecting 

the eye. The eye-tracker will record this as a blink event. 

There is usually only one metric associated with blinks, and 

that is their duration.  

3. METHOD 

This study will only be interested in an area of interest less 

than 30° due to the interactive content of the app falling 

within this range. Based on the previous literature, it was 

expected that age would have no impact on fixation duration, 

but a small impact on saccadic amplitude and peak velocity. 

With a small increase in the number of square wave jerks in 

older people, there is also expected to be a small increase in 

the number of fixations and saccades between the 18 to 40 

group and the 60+ group.  

Participants 

The convenience sampling [22] method was used to find 

participants. As the criteria for participants was wide-

ranging, convenience sampling allowed for quicker and 

easier recruitment of participants. Time constraints were also 

a factor in the recruitment, as it was only possible to conduct 

the trials between the hours of 0800 and 1800, and therefore 

made convenience sampling the most useful method of 

recruitment. 

Multiple methods were used for the recruitment. Face to face 

recruitment accounted for most participants (13 out of 23,  

Participant # Age Gender Recruitment Method 

1 28 M Direct 

2 64 M Direct 

3 35 F Direct 

4 63 M Direct 

5 60 M Direct 

6 60 F Direct 

7 39 M Mediated 

8 38 M Direct 

9 35 M Direct 

10 33 F Direct 

11 35 F Direct 

12 28 F Direct 

13 31 F Mediated 

14 67 M Indirect 

15 67 M Indirect 

16 35 F Indirect 

17 29 F Direct 

18 61 F Direct 

19 30 F Mediated 

20 34 M Mediated 

21 31 F Indirect 

22 60 F Indirect 

23 38 F Mediated 

Table 1: List of participants recruited for this study, and 

the method of recruitment.  

 

Figure 6 Sea Hero Quest Navigation and Orientation levels 

Figure 7 Image of trial set up 
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56.5%), with indirect contact, such as word of mouth 

accounting for 5 out of 23 (21.7%), and mediated contact, 

through social media accounted for 5 out of 23 (21.7%). 

Participants were informed of what the study involved and 

that it would take no longer than 30 minutes of their time. 

They were also rewarded with a £10 Amazon voucher for 

taking part in the study. The participants were also assured 

that if they decided to withdraw from the study, they would 

not lose their reward. 

Twenty-three participants were recruited, as shown in table 

1, with fifteen aged between 18 and 40 (10 female, 5 males. 

Mean age = 33.3), and eight over the age of 60 (3 female, 5 

males. Mean age = 62.8). None of the participants had any 

previous experience playing Sea Hero Quest. It was hoped 

that more people could be recruited to the 60+ age group but 

unfortunately, recruitment efforts could not find additional 

participants. 

Ethics 

This study was given PALS ethics approval, number: 

UCLIC/1617/023/MSc Holloway/Lee 

Study Design 

The eye-tracking study used eye-tracking glasses (ETG) 

developed by SMI. These glasses had a refresh rate of 

30Hz.and were linked to a laptop via a USB cable, using 

iView X software. This allowed a live feed to be sent to the 

laptop to be processed in to a video with eye-tracking meta-

data for later use.  

A Surface Pro 3 was used for the trials. This device was 

loaded with BlueStacks Android emulator, with the Sea Hero 

Quest app installed. Using an emulator on a Surface Pro 3 

allowed for a larger screen size (30cm corner to corner), 

making it easier for the eye-tracking glasses to detect 

saccades and fixations when participants are using the 

device. The viewing width of the device was 16.4cm, whilst 

the viewing height was 25.4cm. 

The levels were selected based on providing a balance 

between being easy enough for all participants, regardless of 

previous experience playing computer games, and complex 

enough to be engaging and take long enough to complete to 

obtain the required data. Therefore, levels 8 and 9, shown in 

Figure 6, were selected as they fit these criteria. 

Each trial consisted of playing through two different types of 

levels within the game: 

Level 8: Navigate around a lake, visiting 3 buoys in 

numerical order. 

Level 9: Travel to a certain point on a map, where the players 

must orientate themselves with their starting position and fire 

a flare. 

Set Up and Calibration 

Each participant had to be first set-up with the eye-tracker. 

The set up involved making sure that the participant was 

comfortable wearing the eye-tracking glasses and holding 

the Surface device. The participant was required to hold the 

device at 30cm away from the eye tracker. Based on the 

viewing dimensions, this gave a maximum field of view 

when playing the game of 30°. They were advised that it was 

likely they would need to hold the device for at least 5 

minutes whilst the trial was conducted. Figure 7 shows the 

set up. 

The eye-tracking glasses were then calibrated using a 3-point 

calibration. This involved looking at 3 different points on the 

Surface device and then tracking the researcher’s finger to 

ensure that the calibration had been successful. 

Practice Trial 

Once successfully calibrated, each participant was then 

asked to complete a practice run of the trial. This consisted 

of completing both scenarios back to back. By running a 

practice trial, the participant could then familiarise 

themselves with the controls. They were asked if they would 

like another practice run if they still felt unsure of the 

controls. 

Trials 

After a minimum of one run through of each scenario, and 

the participants felt familiar with the controls, they were then 

asked to begin the trials. The eye-tracker was recalibrated 

before running this part of the study to remove any drift that 

occurred during the practice run.  

4. ANALYSIS 

Approximately 1 hour of recordings were made across the 

twenty-three participants. These recordings were initially 

processed using BeGaze 3.5, but due to licensing limitations, 

the raw recording data needed to be exported. The data was 

exported in three different files, dependent on the event type: 

fixation, saccade, or blink. A further export was made for the 

trial times and x y co-ordinates of the eye at a given time.  

The raw event data was imported in to SPSS and was 

analysed based on the event type. Outliers were identified 

Figure 8 Scatter graph showing relationship 

between amplitude (°) and peak velocity (°/s) 



 9 

and some tidying up of the data was required. This included 

removing points of data where the x y co-ordinates were 

recorded as negative. This could be done because the eye-

tracking range starts at 0, 0 in the top left and goes to 1280, 

960 in the bottom right. Anything outside of these co-

ordinates could be safely removed as errors in the data. Any 

saccades that included a blink were removed. 51 records 

(1.18%) out of 4337 were removed due to having negative x 

y co-ordinates. 

The following values were obtained from each participant: 

• Time taken to complete level 8 (seconds) 

• Time taken to complete level 9 (seconds) 

• Number of fixations per minute 

• Fixation duration (ms) 

• Number of saccades per minute 

• Amplitude (°) 

• Peak Velocity (°/s) 

 

The number of fixations and saccades per minute was used 

to account for differing lengths in the time taken to 

complete both trials. By doing this, it also removed the 

variance in ability as those who took longer may have 

found the tasks more difficult to complete.  

 

A minimum fixation length was set at 50ms for obtaining 

the mean, based on existing research from [39] where 

minimum duration for stimulus processing was found to be 

around 50ms. None of the participants had fixations shorter 

than this period. No maximum fixation period was set as 

the scenarios required extended periods of fixation. 

 

Each participant’s data set was checked against the main 

sequence as described by Bahill et al [7] to ensure that there 

remained a correlation between amplitude and velocity. 

Figure 8 shows this correlation from an example data set. 

 

Amplitudes were checked for outliers initially using the 

SPSS defaults of 1.5 and 3 times the interquartile range 

(IQR). The 1.5xIQR is often quoted as the ideal range for 

measuring outliers [24,43,45]. However, further research 

indicates that a multiplier value of 2.2xIQR would provide 

more accurate information on actual outliers [16].  

Figure 9 shows the initial results for outliers based on the 

1.5xIQR and 3xIQR. Adjusting the IQR to show a 2.2 

multiplier gives values that are more accurate for outliers in 

the amplitude and therefore greater ability to filter out false 

positive saccades. A further fourteen records (0.32%) were 

removed out of 4323 for falling outside the 2.2xIQR. 

With the outliers identified, the data was collated together. 

One and two-way analysis of variances (ANOVA) were 

conducted on the data. The values of significance would be 

based on the number of fixations and fixation duration, as 

well as the number of saccades and the amplitude of the 

saccades. The threshold for significance was set at 0.05. 

5. RESULTS 

The results were based on the data collected from 21 of the 

23 participants. One participant’s data subsequently had to 

be removed. This was because the participant could not 

comfortably hold the screen far away enough for the eye 

tracker to be able to see the full screen. The other participant 

found the game too difficult to play, and found it increasingly 

frustrating that they could not master the controls. This 

person’s data was not recorded as they dropped out before 

the recording began. Both participants were in the 60 plus  

Figure 9 Saccadic amplitude (°) including outliers greater 

than 3x 75th percentile 

Figure 10 Fixation location from a single trial 

before processing for fixations out of bounds 
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group, leaving only six participants in that age group with 

usable data.  

However, the findings show the differences in age on 

fixations and saccades and answering the initial research 

question of: 

Does age impact fixations and saccades? 

Length of tasks 

The average time for the 18 to 40 group was shown to be 

58.05 seconds, compared to the 60+ group, which had a 

mean time of 122.99 seconds. This shows a significant 

difference in the time it took for the two groups to complete 

the task [F (1,19) = 8.012, p = 0.011]. 

For level 9, however, no significance was found between the 

two groups in how long they took to complete the level. The 

18 to 40 group had a mean time of 29.17 seconds, whilst the 

60+ group had a mean time of 33.99 seconds [F (1,19) = 

1.689 p = 0.209]. 

The total time it took both groups to complete the two levels 

was also shown not to be significant, with the 18 to 40 group 

having a mean time of 97.54 seconds to complete both tasks 

  Group 1     Group 2     

  Level 8 (SD) Level 9 (SD) 

Combined 

(SD) Level 8 (SD) Level 9 (SD) 

Combined 

(SD) 

Trial Time 

(mm:ss) 

00:58.01 

(00:22.19) 

00:29.17 

(00:24.19) 

01:37.58 

(00:31.65) 

02:03.99 

(01:24.80) 

00:33.99 

(00:14.40) 

02:11.09 

(01:47:46) 

Fixations Per 

Minute 

134.3366 

(18.95) 

132.6186 

(19.63) 

134.4618 

(15.04) 

156.8013 

(19.12)1 

154.9735 

(25.98)1 

156.8771 

(17.03)1 

Fixation 

Duration (ms) 302.97 (85.10) 303.86 (84.90) 293.36 (85.3) 

259.205 

(52.81) 

261.106 

(52.33) 259.648 (49.3) 

Saccades Per 

Minute 115.11 (21.55) 105.62 (24.92) 112.2 (20.05) 144.5 (21.29)1 

132.63 

(22.91)1 141.31 (17.77)1 

Amplitude (°) 2.84 (0.84) 3.35 (1.05) 3 (0.77) 2.95 (0.53) 3.46 (0.91) 3.04 (0.54) 

Peak Velocity 

(°/s) 62.8 (19.33) 74.87 (23.55) 66.68 (18.28) 66.2 (13.41) 78.77 (18.68) 68.67 (13.15) 

1 Metrics were the 60+ group performed significantly worse than the 18 to 40 group. 

 

 
Figure 11 Frequency of amplitudes (°) across all participants. 

The frequency is seen here to be positively skewed. 

Table 2 Mean and standard deviation metrics for the navigation task (level 8), the orientation task (level 9), and the combined 

metrics for both levels.  

Figure 12 Frequency of peak velocity (°/s) across all 

participants. Again, the frequency is positively skewed. 



 11 

and the 60+ group having a mean time of 131.09 seconds [F 

(1,19) = 1.274, p = 0.273).  

Fixations 

Two measures were taken for fixations, the fixation duration 

and the number of fixations per minute. These measures were 

analysed firstly for the individual levels, and then secondly 

by looking at the total of these measures over the two levels. 

Fixations per minute was used rather than total number of 

fixations to account for the variation in the length of tasks. 

(Task 1: min length = 26.35 seconds, max length = 284.70 

seconds, mean length = 76.61 seconds; Task 2: min length = 

24.82 seconds, max length = 63.06 seconds, mean length = 

30.55 seconds). For the same reason, saccades per minute 

were used in the analysis of the saccade results discussed 

below. Figure 10 shows a sample set of fixation locations 

from a single trial.  

Each group contained one outlier each, with the outlier in the 

18 to 40 group being greater than the 2.2xIQR discussed in 

Hoaglin et al. However, it was decided to keep these outliers 

in the data set to help present a more complete picture. 

Number of Fixations 

As discussed in the analysis chapter, we used the number of 

fixations per minute, rather than the basic number of 

fixations during the trial to account for the differences in 

ability when playing the game. Without using the fixations 

per minute, it would have been difficult to accurately attain 

the level of significance, as the range of fixations in the two 

tasks was from 46 to 730 in task 1 and 46 to 162 in task 2. 

By taking the fixations per minute, the range changed from 

104.74 to 193.53 in task 1, and 110.64 to 200.41 in task 2.  

A one-way ANOVA was run on the number of fixations for 

both tasks. A further one-way ANOVA was run on the 

combined fixations per minute from both tasks. In all these 

instances, we found significant differences between the two 

groups [Level 8: F(1, 19) = 5.995, p = 0.024; Level 9: F(1,19) 

= 4.639, p = 0.044; Combined: F(1,19) = 8.863, p = 0.008].  

Fixation Duration 

The data was subjected to a one-way ANOVA with fixation 

duration as the dependent variable and age group as the 

independent variable.  

In both tasks, no significance was found between the 

different age groups for the duration of a fixation [Level 8: F 

(1, 19) =1.352, p=0.259; Level 9: F (1, 19) = 1.299, p= 

0.269]. The total mean fixation duration for both groups was 

subsequently also found to be not significant [F (1,19) = 

0.812, p = 0.379]. 

Finally, a multivariate analysis of variance was conducted on 

the fixations per minute compared to the average fixation 

duration. No significance was found between the two groups 

on either of the levels, nor when we used the combined data 

from both levels [F (2,18) = 6.413, p = 0.846; Wilks Λ = 

0.584, partial η2 = 0.416].  

These results indicate that age does not have an impact on 

the fixation duration, but does have an impact on the number 

of fixations a person makes. This partially matches the 

pervious findings which indicated that fixation duration 

would not be affected by age. We can reject the null 

hypothesis though that age would not affect the number of 

fixations a person makes. 

Saccades 

Three measures were taken for saccades: the number of 

saccades per minute, the amplitude of saccades, and the peak 

velocity of the saccades. One-way ANOVAs were conducted 

on each of these measures. 

The variance in saccades per minute between all participants 

was slightly greater on level 8 (85.73 to 186.39) than on level 

9 (79.08 to 158.63). The total saccades per minute between 

the two groups was between 84.36 and 174.07. These 

differences translated to a significant difference in the 

number of saccades made per minute between the two groups 

[Level 8: F(1,19) = 8.019, p = 0.011; Level 9: F(1,19) = 

5.250, p = 0.034; Combined: F(1,19) = 9.570, p = 0.006]. 

Figure 13 Group 1 Main Sequence diagram Figure 14 Group 2 Main Sequence diagram 
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This could indicate a change in how people search for items 

with age as well as techniques for scanning surroundings 

whilst focusing on an object. 

For the saccadic amplitude, several records were removed 

from participants’ trials due to the amplitude exceeding the 

maximum amplitude for the trial (30°). These higher 

amplitudes were due to the participants looking away from 

the device or reading errors from the eye tracking glasses. 29 

records out of 4272 across all participants (0.68%) were 

removed due to falling outside of the maximum amplitude. 

Figure 12 shows the distribution of amplitude frequencies 

[skewness = 2.408, SE = 0.38, z = 6.337], suggesting most 

saccades were small movements to keep track of the boat and 

its position relative to the buoy. This seems to be consistent 

with the scatter graph depicted in figure 10, which plots the 

x and y co-ordinates of fixations.  

Between the two groups, the saccadic amplitude was shown 

not to be significant on both levels, as well as when the 

combined results were analysed [Level 8: F(1,19) = 0.091, 

p= 0.766; Level 9: F(1,19) = 0.49, p = 0.828; Combined: 

F(1,19) = 0.013, p = 0.910].  

No further records were removed for the test on peak 

velocity. As shown in figure 13, a positive skew was 

observed, although the level of skewness was not as 

pronounced as observed in amplitude [skewness = 1.713 SE 

= 0.38 z = 4.508]. 

The difference in peak velocity was also shown not to be 

significant across both levels [Level 8: F(1,19) = 0.154. p = 

0.699; Level 9: F(1,19) = 0.131, p = 0.722; Combined: 

F(1,19) = 0.059, p = 0.812]. These findings are in line with 

the findings of Abel et al [1] who found that velocity was not 

significant between older and younger age groups. 

A further MANOVA was conducted on the combined data to 

check for significance using peak velocity and amplitude as 

dependent variables, with age group as the independent 

variable. The results from the MANOVA showed only a 

slight insignificance on both levels [Level 8: p = 0.061; Level 

9: p = 0.065], particularly using the combined data [F (2, 18) 

= 0.70, p = 0.059; Wilks Λ = 0.992, partial η2 = 0.008]. 

Whilst no significance was expected based on the individual 

analysis of saccadic amplitude and peak velocity, it is 

interesting that the results of the MANOVA were only 

slightly insignificant. Further work may need to be done on 

a larger sample set to confirm whether these results are 

insignificant. 

The results from the two groups were plotted on to a simple 

scatter graph (figure 13 and 14). The linear regression was 

calculated for both groups to show more clearly the 

similarities between the two groups in saccadic performance. 

Findings from Dementia research 

Whilst the findings so far are useful in discussing the impact 

ageing has on fixations and saccades, this study is also 

looking at how fixations and saccades are affected by 

dementia. Due to ethical restrictions, no PwD could be tested 

directly in this study. However, there is already existing 

research that looks at how fixations and saccades are affected 

by dementia. This existing research will be compared to the 

findings in this study to determine how fixations and 

saccades in PwD differ from the two groups in this study. 

Using the findings from Shakespeare et al [40], we have 

already seen that there are already significant differences in 

fixations between healthy age matched controls and people 

with tAD [p = 0.002]. That study also examined saccadic 

attributes of PwD against aged-matched controls but only 

found significant differences in the peak velocity between 

PwD and the control group [p = 0.005].  

6. DISCUSSION 

This study set out to investigate the impact of age on 

fixations and saccades. Whilst there is previous work on age 

and the impact it has on fixations and saccades, none had 

looked at what impact this has on smartphone and table use.  

In this chapter, we will discuss the findings from the results 

of the eye-tracking study and compare it to what we have 

already found from the existing literature, particularly that 

discussed in Shakespeare et al [40]. We will also discuss 

whether games can be used as a predictor of clinical results, 

using the results obtained in this study and that obtained 

through Shakespeare et al.  

Discussion of Results 

It is important to first understand what these results tell us 

directly about the two groups. Using the existing literature 

from Goldberg and Kotval [13], and Poole and Ball [36] we 

can understand what the measures tell us. 

Fixations 

We measured two metrics for fixation, the average number 

of fixations per minute and the average fixation duration. 

Goldberg and Kotval [13] tells us that the number of 

fixations per minute is an indicator of search efficiency. Our 

results indicated that there were significant differences 

between groups in the number of fixations per minute made. 

These differences were much greater than expected based on 

existing literature [1]. This indicates that the 60+ group were 

less efficient in their searching strategies on Sea Hero Quest.  

However, the fixation duration was found to be not 

significant between the two groups. A longer fixation 

duration in one group could have suggested greater 

engagement in the object, or perhaps difficulty interpreting 

an object on the screen, such as identifying a buoy on the 

navigation app [36]. As no significant difference was found, 

it would suggest that neither group had trouble identifying 

and interpreting objects in the app. Furthermore, whilst we 

did not specifically measure them, the impact of square wave 

jerks on fixation duration was not evident as the mean 

fixation duration for both groups were nearly identical.  
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Saccades 

The results for the saccadic measures were similarly mixed. 

As with the number of fixations per minute, the number of 

saccades per minute tells us about the efficiency of search 

strategies. There were significant differences between the 

number of saccades in the two groups, with the 60+ group 

showing significantly more saccades than the 18 to 40 group. 

This backs up the interpretation of the number of fixations 

results that the older group were significantly less efficient 

in their search strategies.  

No significance was found between the saccadic amplitude 

in either group. Large saccadic amplitudes indicate that 

objects at a distance are more meaningful. Given the linear 

relationship, this would also hold true for peak velocity. With 

the levels participants played being the same, we would 

expect to see similar amplitudes in both groups. The results 

reflect this expectation. There doesn’t seem to be an impact 

on amplitude or peak velocity from age-related eye 

impairments, such as presbyopia, where the muscles in the 

eyes find it difficult to readjust from distance to near [26]. 

This could be accounted for by some of the participants from 

the 18 to 40 age group having hypermetropia, or long-

sightedness, which is a similar condition, although instead 

caused by the shape of the lens rather than the rigidness of 

the muscles controlling the lens [27].  

The key difference between the two age groups is therefore 

the changes in search efficiency. This could be indicative of 

changes in cognitive function, although further investigation 

is required to determine the cause of these differences. 

Impact of Dementia 

Looking at the work done by [40] and comparing it to the 

results of our study, we begin to see strong differences 

between the impact of ageing and the impact of dementia. In 

healthy individuals, the shorter duration of fixations could 

indicate less engagement in an object, however, with tAD, 

these shorter fixations are caused by saccadic intrusions, 

including square wave jerks (although there was no 

significance between tAD and control groups when looking 

at large saccadic intrusions). Therefore, we cannot use 

shorter fixations as a metric for engagement in tAD. It does 

tell us that people with tAD may struggle with tasks that 

require longer fixations, such as playing Sea Hero Quest as 

it is possible they will lose track of what they are aiming for.  

In the saccade task, people with tAD did not significantly 

differ from the healthy controls in the number of saccades 

made, only showing a trend towards more saccades [p = 

0.06]. However, in the sinusoidal pursuit task, a significant 

difference was found between people with tAD and healthy 

controls [p < 0.001]. The sinusoidal pursuit task is a more 

useful indicator for the number of saccades due to it being a 

longer trial consisting of more eye-movements. The saccade 

task only consisted of one or two targets, depending on the 

target condition (gap or overlap). The increase of saccades in 

the sinusoidal pursuit task was due to the increase of square 

wave jerks in people with tAD. Whilst not measured in [40], 

these results would imply a similar significant increase in the 

number of fixations. Our results have shown that the number 

of saccades already increase significantly with age. Beyond 

the typical memory impairments caused by tAD, these issues 

with fixation durations and a further increase in the number 

of saccades could also make it difficult to keep track of their 

relative position to their target whilst playing Sea Hero 

Quest. 

The difference in peak velocities is also of interest. Despite 

there being no significant difference in other measures in the 

saccadic task in [40], velocity was affected. The amplitudes 

were controlled at 5°, 10°, and 15°, as opposed to our study, 

where the amplitudes were not controlled, but instead limited 

to 30°. This can still tell us a lot about the nature of 

amplitudes in tAD by looking at the relationship between 

peak velocity and amplitude. With a higher peak velocity, we 

would expect to see higher saccade amplitudes [7] and 

therefore hypermetric saccades on each of the saccade tasks. 

Instead, we see the same hypometric saccades found in the 

control group, with no significant difference between the 

two. This suggests that tAD has a difference relationship 

between peak velocity and amplitude than seen in healthy 

individuals. It is unclear from the data whether tAD has its 

own “main sequence” of eye movements and would need 

further investigation. With saccadic performance unaffected 

by tAD on other measures, it therefore implies that their peak 

velocity does not have a strong bearing on saccadic accuracy.  

Design Implications 

Over the three groups (18 to 40, 60+, and tAD), we have seen 

how age and tAD affects a person’s eye-movement. 

Significant differences were found in the number of saccades 

between all three groups, as well as number of fixations 

between the 18 to 40 group and 60+ group. We have also 

seen that fixation duration is not affected by age, but is 

affected by tAD. Similarly, peak velocity was not affected 

by age, but is affected by tAD. No significant difference was 

found in saccadic amplitude between all three groups.  

These findings have implications for how we design 

applications for both older age groups generally, and people 

with tAD. People with tAD are more likely to have shorter 

fixation periods due to involuntary saccades. Therefore, we 

need to ensure our designs help people with tAD return to 

their original fixation area quickly and without difficulty.  

We also need to design for the changes in the number of 

saccades and fixations as we age, as this is where the most 

noticeable effects were seen. Both tAD and the 60+ group 

made significantly more saccades than the 18 to 40 group, 

with tAD having significantly more saccades again than the 

60+ group. There are two design consequences for this, 

firstly that as we age, our search efficiency decreases and 

therefore targets need to be easier to find. Secondly, people 

with tAD are more prone to involuntary saccades, increasing 

the likelihood that their fixation on a target may be lost, 

particularly if the screen has a number of other objects on it. 
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For this, we can take inspiration from design techniques for 

people with visual impairments. People with visual 

impairments will often find it easier to distinguish objects 

that stand out from its surroundings. This can be achieved 

through using contrast colour schemes or patterns [10]. 

Designing apps in such a way for people with tAD could also 

help them re-identify their target objects quickly if their 

fixations are interrupted by saccadic intrusions. Similarly, 

increasing the size of objects that are of potential interest to 

users would reduce the time it takes for them to accurately 

reacquire the object and negate the effects of age related 

reduction in saccadic performance. 

Another factor that we need to consider for design, is that 

smaller screens used in mobile technology will be make it 

more difficult for older users to distinguish between objects 

on the screen. The guidelines developed by Mayer and Zach 

[25] can make technology developed for people with 

dementia potentially much more effective. There is also 

strong potential based on the results of our study that would 

suggest Mayer and Zach’s guidelines are applicable to older 

adults generally, rather than just people with dementia.  

There are a few particularly useful guidelines to consider. 

One guideline suggested minimising complexity and choice 

whilst also emphasising clarity and simplicity. This guideline 

implies reducing the number of options and buttons on the 

screen. This would help the user navigate any interface more 

easily and reduce frustrations. Another relevant guideline is 

on the visual design itself. They suggest using bright colours 

and high contrasts along with simplistic pictograms and 

metaphors. In doing this, users with dementia will find the 

interface easier to understand [25]. Our research would 

suggest that this is also applicable to older users generally, 

due to degenerating eye-sight as indicated by the change in 

saccadic performance.  

7. LIMITATIONS AND FUTURE WORK 

This study has primarily looked at the differences in fixations 

and saccades between three groups: 18-40 years old, 60+, 

and people with typical Alzheimer’s Disease. Unfortunately, 

due to ethical restrictions and time constraints, it was not 

possible to recruit people with tAD. Whilst the use of 

secondary data provided by the work done by Shakespeare et 

al was very useful, it will not have presented a complete 

picture.  

There were also issues with recruiting a suitable number of 

people in the 60+ group. Only seven people over the age of 

60 were recruited, two of which had to be removed from the 

data set due to issues using the device. This limits the 

reliability of the data somewhat. Having at least an equal 

number of participants in each of the recruited groups would 

increase the validity of the results.  

The time constraints on the hours available to do the work 

also created an issue. One of the disadvantages of 

convenience sampling is that in a work setting, participants 

have only a limited amount of time to offer. Ideally, it would 

have been useful to provide longer training sessions on using 

the tablet device and playing the Sea Hero Quest app. This 

may have helped the one participant who dropped out due to 

finding the game too difficult.  

There were also limitations with the equipment being used. 

Firstly, the eye-tracking glasses were very low-fidelity, with 

only a 30Hz refresh rate. More recent eye-trackers can have 

much higher refresh rates, which would allow for more 

accurate saccade detections, including saccadic intrusions. 

This extra data would have been useful for identifying the 

differences between the two age groups.  

As well as recruiting people with tAD, future work should 

include looking at a wider range of eye-tracking metrics, 

such as smooth pursuit and pursuit gain. Previous studies 

have shown that smooth pursuit is affected by saccadic 

intrusions in people with tAD [1,19,40], but additional work 

is recommended to investigate how smooth pursuit changes 

with age as well. Similarly, pursuit gain is a useful measure 

of oculomotor performance. Pursuit gain is the difference in 

peak velocity and target velocity [40] and therefore how well 

someone is tracking the target. Unfortunately, our study did 

not have sufficient technology to track both a target and the 

smooth pursuit and pursuit gain of the participants’ eyes. 

However, it would be worth investigating any differences in 

pursuit gain in different age groups to help develop a clearer 

picture of the ageing effect on oculomotor performance.  

Gaming as a predictor of clinical results 

Finally, it would be useful to explore further the data 

gathered by the Sea Hero Quest team. Unfortunately, the data 

was not yet available at the time of this study. Their aim to 

create a normal baseline for navigational and orientation 

skills would be useful in further studies on how these metrics 

change with age. The impact tAD has on these metrics could 

also be tested using Sea Hero Quest in addition to fixation 

and saccadic metrics. It is possible therefore that we could 

find that gaming is a good predictor of clinical results. A 

further study should be conducted once more detailed results 

from Sea Hero Quest are available, particularly once a 

baseline has been developed for normal orientation and 

navigational skills.  

8. CONCLUSION 

In this study, we investigated the impact age has on eye 

movements, particularly fixations and saccades. By looking 

at a smaller field of view using a touch screen tablet, we 

could see how well people performed on smaller devices. 

Trials were run on two groups of people (18-40 and 60+) and 

the results were analysed through multiple ANOVA. The 

results from this showed the following: 

1. Number of fixations and saccades are affected by 

age. 

2. Fixation duration is not affected by age. 

3. Saccadic amplitude and peak velocity are not 

affected by age. 
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These findings were then compared to the results of the study 

by Shakespeare et al which looked at abnormalities in 

fixations and saccades for people with posterior cortical 

atrophy and tAD.  

What we found was that fixations are affected by tAD, whilst 

saccades were not, with the exception of peak velocity, 

which was significantly higher in people with tAD. The 

primary cause of the difference in fixations and saccades 

appears to be down to saccadic intrusions, particularly square 

wave jerks. This means that the person with tAD cannot 

focus for extended periods of time on a specific target. 

Search efficiency however is mainly affected by age as the 

number of fixations and saccades increased in the 60+ group. 

This could be indicative of a change in cognitive function. 

These findings have implications on design. We can use 

guidelines from already existing literature on how best to 

design for people with age related eye-impairments whilst at 

the same time making sure that people with tAD can also use 

mobile applications. The main elements that should be 

incorporated in to the design of mobile applications are clear 

and simple interfaces with little clutter to distract the user. 

Therefore, we find that guidelines that might seem 

potentially niche, such as those created for people with 

dementia in [25] are found to have much wider use. By 

thinking and designing for the needs of users with greater 

accessibility needs, we inherently make design better for 

everyone. 
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Consent Form for Participants in Research Studies 

Title of Project:  The impact of ageing on fixations and saccades 

This study has been approved by the PALS Ethics chair 
Project ID Number: UCLIC/1617/023/MSc Holloway/Lee _______________________________ 

 
Participant’s Statement 

I …………………………………………...................................... 

agree that I have 
 
▪ read the information sheet; 
▪ had the opportunity to ask questions and discuss the study; 
▪ received satisfactory answers to all my questions or have been advised of an individual to contact for 

answers to pertinent questions about the research and my rights as a participant and whom to 
contact in the event of a research-related injury. 

▪ I understand that my participation will be taped/video recorded and I am aware of and consent to the 
analysis of the recordings. 

▪ I understand that I must not take part if I am not physically able to do the tasks 
For the following, please circle “Yes” or “No” and initial each point. 

- I agree for the video recording to be used by the researchers in further research studies   
YES / NO initial: _____________ 

- I agree for the video recording to be used by the researchers for teaching, conferences, 
presentations, publications, and/or thesis work     
YES / NO initial: _____________ 

- I understand that I will have the opportunity to confirm these decisions after I have seen my video 
recording.  
YES / NO initial: _____________ 

 
I understand that I am free to withdraw from the study without penalty if I so wish, and I consent to the 
processing of my personal information for the purposes of this study only and that it will not be used for any 
other purpose. I understand that such information will be treated as strictly confidential and handled in 
accordance with the provisions of the Data Protection Act 1998. 
 

 Signed: Date: 

 
Investigator’s Statement 

I …………………………………………………………………….. 

confirm that I have carefully explained the purpose of the study to the participant and outlined any 
reasonably foreseeable risks or benefits (where applicable).  
 

 Signed: Date: 

 
 

APPENDIX 1: PARTICIPANT CONSENT FORM 
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APPENDIX 2 PARTICIPANT INFORMATION SHEET 

 

 

 
 
 
 

 
 
Title of Project:  

You will be given a copy of this information sheet 
 
The impact of ageing on fixations and saccades. 

This study has been approved by the PALS ethics 
chair 
Project ID Number:  
UCLIC/1617/023/MSc Holloway/Lee  ________________________________ 

  

 
Name, Address and Contact Details of Investigators: 
Thomas Lee 
66-72 Gower Street 
London 
WC1E 6EA 
tom.lee.14@ucl.ac.uk 
 
We would like to invite you to participate in this research project. You should only participate if you want 
to; choosing not to take part will not disadvantage you in any way. Before you decide whether you want to 
take part, please read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or you would like more information.  
 
 
Insert Details of Study 
The purpose of this study is to determine the impact of age on spatial cognition and use that information 
to extrapolate to people with dementia, based on current research. Do people, as they get older, find it 
more difficult to: 

1. Navigate a route through a maze 
2. Orientate themselves to a point on the other side of the map 

This will be tested through an eye tracking study on an emulated Android device. The app that will be 
used is Sea Hero Quest (www.seaheroquest.com).  
It is expected to take approximately 45 minutes to run the test, including calibration of eye-tracker. 
 
 
It is up to you to decide whether or not to take part. If you choose not to participate, you won't incur any 
penalties or lose any benefits to which you might have been entitled. However, if you do decide to take 
part, you will be given this information sheet to keep and asked to sign a consent form. Even after 
agreeing to take part, you can still withdraw at any time and without giving a reason.  
 
All data will be collected and stored in accordance with the Data Protection Act 1998. 
 

 

 

 

 

mailto:tom.lee.14@ucl.ac.uk
http://www.seaheroquest.com/


 20 

APPENDIX 3 ADVERTISEMENT 

 

 


