Abstract
The Danish government has digitalized more and more services in the last few years
and thus forced citizens to use online resources such as e-boks.dk and borger.dk. Some
older citizens have issues with using this technology and are therefore in a situation
5

where they cannot use their civil rights. This thesis aims to investigate whether or not
there is a difference between how the older citizens view and navigate these types of
websites, compared to the young generation for whom this technology seems like
second nature.
The thesis has inspiration in a theory by Prensky who claim that the younger
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generation thinks differently than the older one, as they have been exposed to
technology in a way that the older have not. The younger generations have been born
into a digitalized world and are thus digital natives, while their parents and earlier
generations have had to adopt it and are digital immigrants. The questions are
whether or not Prensky is right, a question this thesis tries to answer.

15

Previous research has found that the ability of the older generations is not based on
age as a single factor, but on the user’s prior knowledge of specific domains and the
technology involved. Even though differences exist between different age groups it is
found that it is not because of age itself.
The method used in this study for investigating this topic is eye tracking, a technique

20

that allows for the tracking of gaze movement on an electro nic screen. The data
collected can answer the question of whether or not people of the old and young
generation are different. This was supplemented by data collected through a
questionnaire about participants’ age and prior knowledge as research has found it to
be the key difference between these age groups.

25

The data collected on prior knowledge and age showed that the median for the elderly
age group was 2.75 on a scale from one to six, while the median for the young age
group were 5.
Several measures were analyzed in regards to eye tracking, the study investigated click
paths, time to complete, areas of interest and scan paths. These measures were
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analyzed in groups determined by demographics and prior knowledge to see if these
factors made any difference in and between the groups.
The study concludes, with 31 part icipants, that age and prior knowledge does not have
an effect on peoples’ ability to use websites. Age does have an effect on how fast
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users are, but the groups proved very similar in all oth er categories. The amount of
35

errors by each group based on age and prior knowledge was similar. The scan paths
taken was very similar as well. The study could not find any differences beside the
time to complete and difference in pr ior knowledge, which led to the conclusion that
the notion of digital natives and digital immigrants was unfounded in this thesis’
context and that low prior knowledge did not seem to hamper users.

40
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1 | Introduction
By November 2014, all public mail in Denmark was to be sent as digital mail in an
effort, by the state, to digitalize it as is already done with other services such as
doctors’ appointments and tax registrations (“Digital Post” 2016). Even though
Denmark is a first world country in a western society, there are still 10.6% of Danish
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citizens who are exempt from digital mail for several reasons; old age, mental or
physical disability etc. (“Månedlig Statistik Om Digital Post” 2016) . Those 10.6% are
predominantly made up of people of 55 years old and up; 86.9% to be precise
(“Månedlig Statistik Om Digital Post” 2016) . This led us to wonder exactly why this age
group seem to have more difficulties operating in a digital space and if they are

115

different to other age groups entirely.

1.1 | Premise
We were originally inspired to write this thesis by observations in everyday life, seeing
how different people of an older age group would react to modern technology in very
120

different ways. Some would fear it and others would embrace it. It seemed that age
did not affect this, as some of the fearful were younger than those who embraced it.
We started to discuss the concept of digitalization and what issues might arise from it.
Based on our observations we had the impression that some people could not use the
websites they were required to. Our thought process was that these sites were maybe

125

created for a different audience that were much more experienced with using
websites; people in our own age group w ho grew up with the Internet. This sparked
the idea that maybe there was a difference between young and old as website users.
In particular, we were interested in finding out if these age groups would search for
information differently due to our backgroun ds in Information Architecture.

130

Marc Prensky, an American psychologist have coined the terms “digital native” and
“digital immigrant”, a reference to the difference between users who have grown up in
a digital world versus the users who have adopted these technologies as adults. The
premise for this way of thought is that young people, who have grown up in a digital
world, are different to older people who learned to use computers when they were

6
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adults. Prensky’s work has served as inspiration for this the sis as we are very
interested in this supposed divide in ability between young and old.
As we digitalize more and more of the tasks and processes, which were previously
done face-to-face, we are also giving more responsibility to the individual. In Denmar k
each citizen is required to check their digital mail with letters from public services and

140

similar since they do not send physical letters anymore. Taxes are registered online,
applications for different welfare benefits and more are done digitally , as we are
digitalizing our society.
Digitalization is a part of a concept called E -Government which refers to public
administration processes being conducted using information and communication

145

technology. The European Union defines e -government as
“… the use of information and communication technologies in public administrations combined with organisational change and new skills - to improve public services and
democratic processes and to strengthen support to public policies.” (“Electronic
Government — eGov Conference” 2016)

150

Despite digitalizing administrative processes can have positive effects, the potential
problems with e-government are numerous; users need to trust the sites available for
them to be successful (Business Wire 2010), users need to feel like they get an
advantage from using the sites (Billestrup and Stage 2014), poor design can cause user
dissatisfaction (Meuter et al. 2000). Furthermore, Meuter et al. argues that designing
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a system like a self-service system only works if users were accounted for during the
design process. Stage and Billestrup investigated and concluded that the software
providers that developed a self-service solution for the Danish government did not
involve any citizens in the development process (Billestrup and Stage 2014). The lack of
user experience research for this e -government project is very problematic as citizens

160

are forced to use it and simply cannot go anywhere else for their information.
In order for us to investigate the potential issues with elderly and their ability to use
websites and the notion of a younger age group being more capable, we have to
conduct tests. In these tests we will track users eye movement to find out where they
look and in what order they look at different parts of the website. Doing an eye
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tracking study is more appropriate than doing usability tests as we a re not interested
in testing the site but the user themselves. Furthermore, conducting an eye tracking
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study also allows us to have information on how our participants tries to solve a task
rather than finding out whether or not they can do it at all.
The data we collect from both groups can be contrasted to previously created data on
170

those same age groups and ultimately aid in a comparison of the two.

1.2 | Problem statement
We would like to investigate if young and elderly users look at websites differ ently,
when searching for information. To do this we conduct tests, to find any patterns that
175

might indicate differences. The test participants will be selected by looking at
commonly used groupings by age, already used today. The results will be used to
either confirm or disprove the notion of 'digital immigrants' and 'digital natives' in this
context. These terms are our adaptions of the terms coined by Mark Prensky.

180

What characterizes and differentiates the elderly and young people in their approach
and ability to navigate and observe a website’s information architecture?



How is it possible to conduct tests on two age groups in regards to their ability
to navigate information architecture?

185



To what degree is the notion of natives vs. immigrants true in this context?



What characterizes the two groups and to what degree are they natives and
immigrants respectively?



To what extent does prior knowledge and demographics affect the user’s ability
to scan a website?

190

2 | Theory
In the following chapter we describe the theory, which form s the basis for our
methodology, the development of our test plan and discussion of our test results . We
present the framework of information architecture and how we position this thesis in

8
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information architecture. Then we discuss the foundation of our inspiration for the
thesis with the terminology of Marc Prensky, the different parameters of the users we
want to test with Demographics and Prior Knowledge. We present information on Eye
tracking and its uses. Our tools for acquiring the data; OGAMA and The Eye Tribe will
be described and the chapter will end with theory on ethics in relation to research.

200

2.1 | Information Architecture
Information architecture is a field that can be hard de give a clear -cut and precise
definition of. It is discussed how much it encompasses and where to draw the line for
what it covers (Dillon 2002). Is it just the structuring and labelling of data that Dil lon
205

calls little-IA or is it big-IA, which includes usability and user experience design? We
find that the big-IA is the best description, as it includes more aspects, such as user
experience, which supports the design of a well-structured and labelled information
system. Morville and Rosenfeld gives the following definition of information
architecture, in their book ‘Information Architecture for the World Wide Web’ from
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2007, which we find to be a good definition:
1. The structural design of shared information environments.
2. The combination of organization, labeling, search, and navigation systems
within web sites and intranets.
3. The art and science of shaping information products and experiences to support

215

usability and findability.
4. An emerging discipline and community of practice focused on bringing
principles of design and architecture to the digital landscape.
(Morville and Rosenfeld 2007)
This definition is broad and covers not only the act of organizing the content, but also

220

how it can be evaluated and designed to the user’s needs. The reason it is hard to
make a single definition that everyone can agree on, is because information
architecture is a field that is in-between other fields and overlapping these as well. It
includes aspects of knowledge management and data management, bu t it is neither of
those (Morville and Rosenfeld 2007). Instead it is about many different types of
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information and how it can be presented and structured. Resmini and Rosati defines
information architecture as “… a professional practice and field of studies focused on
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solving the basic problems of accessing, and using, the vast amounts of information
available today.”(Resmini and Rosati 2012). Evernden and Evernden defines
information architecture as “a foundation discipline describing the theory, principles,
230

guidelines, standards conventions and factors for managing information as a
resource.”(Evernden and Evernden 2003) . These definitions all support Morville and
Rosenfeld as they deal with both problem solving and man aging of information.
In the following we will discuss information architecture aspects relevant to answering
our problem statement.

235
2.1.1 | Users
As information architecture, according to our chosen definition, includes the users,
their needs and sees them as one of the most important factors , we will discuss their
place in the field of information architecture and what aspects about them that are
240

relevant to this thesis.

It is a common mistake to over-simplify users’ information seeking behavior, accord ing
to Morville and Rosenfeld, which does not take into account all the different reasons
for them to visit a website (Morville and Rosenfeld 2007). It is not just a user visiting a
245

website with a very specific information need, but sometimes they are just looking
around, want to learn something, but are not sure what it is called and so. To facilitate
these different reasons for the m to visit a website, it is important to understand them
and include them in the design process.

250

To understand the users and participants in our study, we will go through the
important aspects of the users in the following and how we define them.

2.1.1.1 | Digital natives and immigrants
We use the work of Mark Prensky as inspiration together with our own observations of
255

elderly relatives that inspired us. Mark Prensky provides a definition of the young and
elderly, which we will use and describe in more detail below. This definition is useful
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to distinguish between the different groups and can be used to describe the
differences.

260

Marc Prensky is an American writer and speaker. His written work is focused on
education and learning, while he has a background in teaching at the primary,
secondary and college level(“Meet Marc Prensky” 2016).

In 2001, he wrote the article “Digital Natives, Digital Immigrants” in which he defined
265

two categories of technology users; digital natives and digital immigrants. He wrote a
follow up article later that year in which he explored the supposed difference between
the minds of teachers and students in the year of 2001. In the following, both of these
articles will be presented shortly accompanied by criticism of the material, alongside
an elaboration on why Prensky’s work is part of this thesis.

270
“Digital Natives, Digital Immigrants” was published in the September/October issue of
“On the Horizon: The Strategic Planning Resource for Education Professionals” in 2001.
In five pages Marc Prensky describes a divide between technology users. A divide,
which he claims, is determined by when an individual have been introduced to
275

technology. Prensky argues that users who have experienced modern technology after
reaching a certain stage in life, have a different way of interacting with said
technology than users who have been around the technology since a very young age.
In short; digital natives are users who have been using modern technology since an
early age and therefore thinks it to be second nat ure and an integral part of their
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lifestyle. On the other hand, digital immigrants are users who have adopted
technology at a later stage in life as a necessity to keep up with modern society. In
Prensky’s view, technology is not approached nor understood very well by these
people as they have adopted it not from childhood, but later in life. As Prensky puts it:
“The importance of the distinction is this: As Digital Immigrants learn – like all

285

immigrants, some better than others – to adapt to their environment, they always
retain, to some degree, their “accent”, that is their foot in the past.”
(Prensky 2001a)

Prensky’s point of view is from that of a teacher and it is also the point of the article.
290

Prensky makes the argument, in both this article and the next that students think and
act differently around technology than their teachers, causing issues when the tool for
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learning is said technology. In the article he states that teachers must integrate newer
learning methods in their teaching, if they want to get through to students as these
students have particular learning preferences.
295
“Digital Natives, Digital Immigrants Part 2: Do They Really Think Differently?” was
published in the November/December issue of “On the Horizon: Th e Strategic Planning
Resource for Education Professionals” in 2001.
This article focuses on explaining through neurobiology, social psychology and studies
300

of children playing learning games, how the two groups think differently about
technology. In his article Prensky writes:
“We now know that brains that undergo differen t developmental experiences develop
differently, and that people who undergo different inputs from the culture that
surrounds them think differently.”

305

(Prensky 2001b)

He argues that because of the social and technological environment, young people
think differently because their minds have been affected differently than the
generations before them.
310

This second article aims to prove what Prensky said in his first article by including
psychology and biology. To quote the article:
“Based on the latest research in neurobiology, there is no longer any question that
stimulation of various kinds actually changes brain structures and affects the way
people think, and that these transformations go on thro ughout life.”

315

(Prensky 2001b)

These articles form a whole in which Prensky seeks to make a postulate and later try
to support this postulate through research done by others. This has led to crit icism of
the postulate for lacking any empirical evidence to support i ts claim. Bennett, Maton
320

and Kervin writes in a critical review of the subject that Prensky’s postulates lacks
empirical weight, as he had done no empirical testing or research to suppor t his claim
and instead had based a lot of it on research done by others, which did not take into
account the amount of “natives” who had access to technology (Bennett, Maton, and
Kervin 2008).

325
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Marc Prensky’s articles and his concept of natives and immigrants have been
presented in this thesis because it serves as our main inspiration for the thesis
content. It is important to note that we will not delve into the issues that Prensky
330

foresaw when he wrote these articles 15 years ago. We will not delve into learning
theory as well, as our main focus lies strictly within trying to discover similarities or
differences between age groups. Prensky’s work has served as an inspiration to us as
we see a compelling argument in his postulation and the notion of a difference in
abilities, based on whether a user is born into a world with the technology or having

335

to learn how to use it. It should also be noted that his writing is dated at this point but
is still relevant. We live in a digital age now so more than ever the need for people to
be capable of performing tasks with modern technology is becoming a necessity. The
digitalization of several parts of the Danish government has put every citizen’s abili ty
to use these services into question.

340

Needless to say, the concept of different levels of capability amongst users has not
been ignored since Prensky’s articles in 2001. A lot of articles and research have been
conducted both on performance and unders tanding. A lot of this research has been in
345

the field of age, trying to discover whether or not age has an impact in understanding
and using modern technology. In the next section the concept of age and other
demographics will be explored.

2.1.1.2 | Demographics
350

Demographics is a parameter this thesis cannot ignore in its aim to investigate the
problem statement. Even though age is the primary focus, other parameters needs to
be acknowledged as well. Similar to prior knowledge these things can have an effe ct
on the subject at hand. Demographics is a term that encompasses several
characteristics which ties to a person’s age, gender, country of origin etc.

355

Demographics have been used in wide array of studies in regards to information
searching behavior. Williamson used demographics to investigate how elders search
behavior in Australia was influenced by their physical, social and cultural
environments(Williamson 1997). Dunne examined the information behavior of
battered women and accounted for several barriers these women face when searching

360

for information(Dunne 2002). Hamer studied the information needs of young men
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coming out and forming a gay identity(Hamer 2003). All of these studies have in
common that they use demographics as a tool for creating a group of people for
studying. Applying demographic parameters, they were able to take a large group and
size it down to a more focused one; instead of Hamer investigating how gay people
365

search for information when trying to come out he instead decided to narrow it down
to young men, using bot age and gender.

Using demographics can provide more nuance on data and allowing for comparisons.
370

Case states that gender as a demographic is frequently used in analyses of results(Case
2012). Our aim is to use demographics as a way of structuring our data and open up
the possibility of seeing patterns and tendencies. Our usage of demographics will be
presented in 3.1.4 | Questionnaire on page 58.

375

2.1.1.3 | Prior Knowledge
Searching online for prior knowledge provides a lot of results and many of those are
about prior knowledge in learning. This focuses on how the teacher activates the
students prior knowledge, to aid them in their learning (“Prior Knowledge | Learning
Sciences” 2016). This is the basis of what prior knowledge is, as it is all about how

380

people use their prior knowledge to solve new problems. In the following we will go
into more detail and give a more thorough explanation of it.

Russell-Rose and Tate discusses their notion of user s being divided into two groups;
novices and experts, in their book ‘Designing the Search Experience’ from 2013
385

(Russell-Rose and Tate 2013). This is a very crude way to view u sers, but can provide a
simple framework to view the users. Other definitions and notions can be used to
expand on this framework, which we will do in this chapter.
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The difference between the
390

two groups is that they each
choose the tool most
suitable to the skill, when
they try to solve a problem.

Expert/
Novice
•Domain expert
•Technical novice

Double Expert
•Domain expert
•Technical expert

This of course affects the
395

way the users approach a
problem and for us it is
relevant, as any difference
between our two age groups,
might affect their approach

400

Double
Novice
•Domain novice
•Technical novice

Novice/Expert
•Domain novice
•Technical expert

to solving tasks. Russell-Rose
and Tate broadens their
notion by adding a distinction

Figure 1 – Expert/Novice Matrix

between domain expertise and technical expertise. Domain expertise being the
knowledge about a certain subject such as taxes and te chnical expertise being
405

knowledge about the tools used on the domain, such as using the Internet (RussellRose and Tate 2013).
Using these distinctions, they have made a matrix of two dimensions shown in Figure 1
– Expert/Novice Matrix. The vertical axis indicates the level of domain expertise,
where the bottom is novice level and top is expert level. Horizontally it is technical

410

expertise with novice level on the left and expert level on the right (Russell-Rose and
Tate 2013). These distinctions can be used to identify, what the user’s strengths and
weaknesses are, when they search for information onl ine.

In the following we will go into more detail on how the expertise, or knowledge as it is
415

described below, is acquired and h ow it influences the user’s search for information.
This can be used to expand on Russell -Rose and Tate’s matrix.

It has been shown as early as 1997 that prior knowledge increases the ability of the
elderly to navigate and find information online (Meyer et al. 1997). This was shown by
420

comparing two groups testing the same website, but with one group having received
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training in navigation. The two groups consisted of older and younger participants, but
it is not clear what constitutes an older or younger participant. The test was
conducted on a website, made up of 19 pages from the Scientific American website.
The participants was divided into two groups, where one received an introduction to
425

the navigational systems and the other received the same, but with hands -on training
(Meyer et al. 1997). The results showed a reduction of the steps taken to accomplish
each task, from an average of 9.3 to 7.8 (Meyer et al. 1997) which clearly indicates the
importance of prior knowledge. The study also found a difference between the two
age groups, but that prior knowledge reduced these differences (Meyer et al. 1997).

430

Furthermore, it has been shown that prior knowledge increases the users effectiveness
in interacting with IT -systems (Crabb and Hanson 2014).
These proves that prior knowledge regarding the technical expertise, described by
Russel-Rose and Tate, is important, as it red uces the differences between the age
groups and the necessary steps a user takes, to complete a task.

435
To acquire the technical expertise, Hurtienne and Langdon identified four levels of
prior knowledge acquisition, in their ‘Prior knowledge in inclusive d esign: The older,
the more intuitive?’ study. These four levels of knowledge acquisition is based on
previous research done by Jörn Hurtienne (Hurtienne and Langdon 2009).
440

The acquisition of prior knowledge can be done on four levels:
1. Innate (Genes and parental state)
2. Sensorimotor (Learned through childhood)
3. Culture (What is common in the person’s culture)
4. Expertise (Specific knowledge from hobbies and profession)

445

(Hurtienne and Langdon 2009)
Innate learning has to do with how we are formed and what genes are passed on to us.
Sensorimotor are what we learn during childhood, such as recognizing faces. What is
interesting to us is the last two levels. Culture being about what the people around
you do and accept. This can for instance be about the attitudes toward certain types of

450

technology. The last one, Expertise, can be about the persons use of IT systems in
their hobbies or professional life (Hurtienne and Langdon 2009) . These different types
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of knowledge acquisition influence the technical expertise of the user, described by
Russell-Rose and Tate earlier.

455

The acquired knowledge can be further described, to provide more insight into what
the domain and technical expertise are and how it is used.
Knowledge consists of two types of intelligence: Fluid and Crystalized intelligence
(Beier and Ackerman 2005). Fluid intelligence is the logic each person uses to so lve
new problems and acquire new knowledge. Crystalized intelligence is the knowledge

460

already acquired (Beier and Ackerman 2005). The difference in these two types of
intelligence is that Fluid intelligence is used to solve problems logically, where the
problem solver has no prior knowledge or cannot apply it. Crystalized intelligence is
used to solve problems based on past experience and accumulated knowledge (Crabb
and Hanson 2014). This means that the problem solver applies their experience from

465

past problems to a new one and solves it by knowing a specific solution that worked
the last time or on a similar problem (Hailikari and others 2010).
Prior knowledge are, according to Dochy, Segers and Buehl, a combination of explicit
and tacit knowledge (Dochy, Segers, and Buehl 1999). This means that it comprises of
both the knowledge, which we know we have and can clearly describe, and the

470

subconscious knowledge we have but can be difficult to describe (Paavola, Lipponen,
and Hakkarainen 2004). Basing our decisions on knowledge we can describe and what
we “just know”, helps us do tasks naturally, but can also mean we perform the tasks
based on incorrect or non-compatible knowledge.

475

Having prior knowledge on the specific subject is equally important, as it can help the
user locate relevant information by having a mental model of where to look (Beier and
Ackerman 2005). This means that the user might not have a lot of prior knowledge on
the use of the Internet for information seeking, but by having knowledge about a
certain subject; they can more easily understand the structuring of data. This is in line

480

with domain expertise, as described by Russell -Rose and Tate above.
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What is important about prior knowledge is that it is correct and relevant to the
current situation a person are in (Shapiro 2004). Incorrect prior knowledge can
negatively influence how much and what a person can extract, when reading a new
485

text (Shapiro 2004). This further supports our hypothesis that the difference in how
the different generations have found and acquired new knowledge, during their
lifetime might influence how they use the Internet.

We intend to use the participants level of prior knowledge to add more details to our
490

comparison of the young and elderly participants , to investigate how big a part of the
potential differences is from the age compared to prior knowledge.
Measuring the prior knowledge of people can be done in different ways, which we will
discuss in more detail in 3.1.4 | Questionnaire on page 58.

495

2.1.1.4 | Search behavior in elderly users
Our focus is in how the older users use and view websites, so in the following we will
describe existing research on older users’ behavior and how the previously described
theory influence the older users search behavior .
Statistics from the Danish national statistics center show that 85% of the 16 -64 years
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old use a computer every day, while the same number for the 65 -89 years old are only
57% (Lauterbach 2015). This shows that the older users are not as used to computers,
but of those who uses computers, most are accessing the Internet daily. 91% of the
16-64 years old are online daily, while the number for the 65 -89 years is 54%, which is
only 3% point less than the number of daily computer users (Lauterbach 2015). This

505

indicates that the older users of computers primarily use them for accessing the
internet. The older users are primarily using the Internet for e -banking and emails,
while the younger users use the Internet for more varied tasks, such e -shopping
(Lauterbach 2015). This could indicate that the older users are using their computers
out of necessity and because they have to. It is interesting to no te that only 1% of the

510

users between 16-64 never uses the Internet, while the number for those between 65
and 89 are 23%, or nearly a quarter (Lauterbach 2015). A study by Berner et al. on the
differences in demographics for Inter net use in Sweden, found that there were
differences in how much the elderly uses the Internet, based on their educational level
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and whether they live in urban or rural areas (Berner et al. 2015). The study was
515

conducted on a large sampling size of 7,181 adults between 59 and 100 years old
(Berner et al. 2015). These studies show that some older users have not embraced the
Internet in the same manner as the younger and can be a problem in a m ore and more
digitalized world. This difference between the age groups affec ts the elderly users’
technical expertise in relation to information searching online.

520
These statistics shows a difference between the elderly and young, but it does not say
much on how the older users actually use the Internet. Below we will discuss how the
elderly compares to the younger users , in how long it takes them to complete tasks
online, how many errors they make, how they scan for information online and how
525

important prior knowledge are to their performance.

The time it takes for users to compl ete tasks online, can show how proficient they are
at navigation and using the Internet. It also indicates differences between groups if
one takes longer to complete the tasks. To investigate the differences, we have a
530

number of studies that investigates i f any differences exists. We will go through these
studies and discuss their findings.
Artis and Kleiner found that older users (63 -83 years old) were slower, when compared
to younger users (18-23 years old), in their study The Effects of Age and the Desi gn of
Web-Based Training on Computer Task Performance from 2006 (Artis and Kleiner
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2006). In this study they explored the effect of age and training on the two groups
performances. They found that the two age groups both benefitted from training, but
that the older group where slower to complete the task, both before and after
receiving training (Artis and Kleiner 2006). Even though the older users took longer to
complete the tasks, it was found that they could learn new skills, just as well as the

540

younger, but it took longer as well (Artis and Kleiner 2006).
In 2002 Kurniawan, Zaphiris and Ellis made a study to compare the time spent and
amount of errors made by younger (mean age of 26.8) and older adults (mean age of
67.5) (Kurniawan, Zaphiris, and Ellis 2002) . This study found, just as Artis and Kleiner,
that the time spent by the older adults was longer than the younger adults and that

545

they used more clicks to complete the tasks (Kurniawan, Zaphiris, and Ellis 2002) .
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In a study to find differences between young and old adults for entering data in a n ehealth program in 2007, by Biterman, Lerner and Bi tterman, it was found that the
older users (72.2 +/-5.5 years) were significantly slower than the younger users (30.4
+/-4.9 years) (Biterman, Lerner, and Bitterman 2007) . The difference was so large that
550

the older users actually used more than double the time compared to the younger
users (Biterman, Lerner, and Bitterman 2007) .
In a study from 1997 by Mead et al. it was found that the older users (64 -81 years old)
were less likely to complete tasks, than younger users (19 -36 years old). This was,
however, because they had a time limit, but it still showed that the older users wer e

555

slower than the younger users (Mead et al. 1997). They also found that the older users
used more clicks and scrolled more to complete the tasks. The same researchers
published another study in 1997, were they investigated whether training could reduce
the differences and in this study they confirmed their findings in the previous study
(Meyer et al. 1997). The results of their study on training impact on the older user’s
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abilities will be discussed later, when discussing prior knowledge.
In a study of 49 people between 20 and 82 years old, Chadwick -Dias, McNulty and
Tullis found that the users over 55 took longer to complete tasks on a prototype web
site than the younger users (Chadwick-Dias, McNulty, and Tullis 2003) . The older users
were in fact almost 50% slower than their younger counterparts (Chadwick-Dias,
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McNulty, and Tullis 2003).
Czaja et al. made a study in 2001, where they had 117 participants con duct complex
information search for three days and compared the results, by dividing the
participants into three age groups of 20 -39, 40-59 and 60-75 years old (Czaja et al.
2001). In this study it was found the oldest group were the slowest and even though
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all groups improved during the three days, they remained the slowest group (Czaja et
al. 2001).
In January 2012 Etcheverry, Ter rier and Marquié. published a study comparing memory
and recollection for younger (mean age of 22.31 years) and older users (mean age of
64.54 years), when seeking information online (Etcheverry, Terrier, and Marquié
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2012). During this study they found that the older users were slower at completing
tasks online, but that the difference was reduced when they conducted content oriented searches compared to navigation -oriented searches (Etcheverry, Terrier, and
Marquié 2012). Those findings inspired them to another study, which was published in
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October 2012, by them, Baccino and Mojahid, where they inves tigated whether the
580

difference really did exist and the reasons for these differences, using eye tracking
(Etcheverry et al. 2012). Their study confirmed that a difference existed and they
found that not only were the older participants not just better at content -oriented
searches compared to navigation -oriented, they were even better than the younger
participants, when conducting content -oriented searchers (Etcheverry et al. 2012). The

585

differences in the study can be attributed the fact that then findings in their January
study was a byproduct of their main study goals, while their October study was
focused on exacerbating the findings to see if differences exist and why. This can mean
that the results are not transferable to the real world, as they are the only ones to
have results, where the elderly are the fastest. It does not, however, mean that there
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is no difference in how fast the elderly is, when searching for different types of
information. Reasons for differences were that the older users tended to revisit
previously seen menu items and spend more time looking at them and thus employ
more verification strategies (Etcheverry et al. 2012). The reasons for the difference in
which age group is the fastest will be discussed more in the section prior knowledge

595

later.

It is clear that the elderly users are slower than young users, when it comes to
complete tasks online. There seem s to be some difference in how much slower they
are, or as in one study actually faster. This has to do with the type of search
600

conducted by the elderly. The question is why are there differences in how fast the
elderly and young find information online. To answer this question, we look at how
many errors the older users make, compared to the younger users.

Most of the studies comparing the time to complete tasks for young and elderly users,
605

also recorded and compared the errors made by each group. Artis and Kleiner found
that there were no differences in the amount of errors made by the 18 -23 year olds
and the 63-83 year olds (Artis and Kleiner 2006). This was the same for Kurniawan,
Zaphiris and Ellis in their 2002 study (Kurniawan, Zaphiris, and Ellis 2002) . Biterman,
Lerner and Bitterman found that there were no differences in the number of error

610

made by the 25 elderly and 25 young test participants, in their study (Biterman,
Lerner, and Bitterman 2007). This is despite, as mentioned earlier, the elderly was
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twice as slow to complete the tasks in their study. Mead et al. found that in their tests
in 1997, the elderly users tended to revisit already visited pages more often and some
even got lost and did not know what page they were currently on (Meyer et al. 1997).
615

They did, however, note that the elderly and young users a ll tended to start over, by
visiting the home page equally often (Meyer et al. 1997). This could indicate that the
two age groups handle making errors in similar manner. In the 2003 study by
Chadwick-Diaz, McNulty and Tullis study, they gave the participants the option to give
up, if they would normally, in a similar situation, give up or ask for help. Furthermore,
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they were asked to move on, if they made four errors (Chadwick-Dias, McNulty, and
Tullis 2003). In this study they found that the 55 years old and older participants were
more likely to fail at completing tasks, when compared to the younger participant s.
This might be contributed to not letting the elderly attempt to complete the tasks in
their own time, as previous studies shows they require (Artis and Kleiner 2006;
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Kurniawan, Zaphiris, and Ellis 2002; Biterman, Lerner, and Bitterman 2007; Meyer et
al. 1997; Chadwick-Dias, McNulty, and Tullis 2003; Czaja et al. 2001; Etcheverry et al.
2012; Etcheverry, Terrier, and Marquié 2012) .

Seeing that the difference in completion time for the two age groups are not related
630

to the older users making more errors than the younger and are just as proficient in
completing the tasks, it might be because their prior knowledge or lack thereof slows
them. We have found that there is a difference in how many older and younger users
use the Internet daily, which can influence their technical expertise in relation to using
the Internet to solve tasks and this lack of experience might be the reason for th em
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being slower. We discuss this below.

Prior knowledge is, as mentioned in the previous chapter, the knowledge people use to
solve new tasks, by applying what they learned doing the same task previously or
something similar. The effects of prior knowledg e on Internet users have been
640

described in a number of studies. Artis and Kleiner attributed the differences in the
age groups to the lack of repetition and training for the older participants, but found
that they could be taught how to complete tasks onli ne, but at a slower rate than the
young users (Artis and Kleiner 2006). Etcheverry et al. argued that the crystallized
intelligence, described earlier in chapter 2.1.1.3 | Prior Knowledge on page 14, was
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the reason for differences and could account for the fact that there were differences
in the type of information search (Etcheverry et al. 2012). The prior knowledge of the
elderly users could have helped them, when performing content -oriented searches, as
they could draw on crystallized intelligence on domain expertise of content searching
in newspapers, books and so on. This was speculated in the first study by Etcheverry,
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Terrier and Marquié (Etcheverry, Terrier, and Marquié 2012) and substantiated by
their findings, when involving more researchers in their study later in 2012 (Etcheverry
et al. 2012). In this later study they found that the p articipants prior knowledge helps
them locate the correct area on the screen, but nor the correct link, which they have
to look for more thoroughly (Etcheverry et al. 2012). Laberge and Scialfa conducted a
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study in 2005, to investigate the influences of age, prior knowledge and cognitive
abilities on 41 elderly participants between 19 and 83 years old (Laberge and Scialfa
2005). They found that the time differences was due to the participants domain
expertise on a tourism web site and technical expertise on Internet usage (Laberge and
Scialfa 2005). They further states that the most important factor, when it comes to
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users performance in relation to solving tasks online, is the prior knowledge regarding
computers and the Internet, while prior knowledge on the specific domain are
important as well (Laberge and Scialfa 2005). They argue that the difference between
content-oriented and navigation-oriented searching, which they found just as
Etcheverry et al., can be explained by the same arguments as put forward by
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Etcheverry et al. They argue that experience using the Internet can help the user
understand and orient themselves, when performing a navigation -oriented search. The
prior knowledge on the domain aids the u ser in content-oriented searching (Laberge
and Scialfa 2005). As we described earlier, it is the younger people who use the
Internet the most and thus have more prior knowledge on navigation -oriented
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searching, while the older people can have the same or more prior knowledge on the
domain and can employ it on content -oriented searches. This is further supported by
Czaja et al. who found that navigation efficiency was influenced by prior knowledge
and not age itself (Czaja et al. 2001). They further found that both older and younger
users benefitted from training, as it prov ided them with more prior knowledge and

675

found that the older users benefitted the most, as they started at a lower level (Czaja
et al. 2001). This is supported by findings of Meyer et al. who concluded that all age
groups benefitted from training (Meyer et al. 1997).
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It is clear that the elderly Internet users are performing tasks online i n different
680

manner, when compared to the younger users. They take more time in completing the
tasks, but does not, however, make more mistakes than the young users. It is instead
related to their prior knowledge on the use of computers, the specific domain and
Internet usage, meaning their technical and domain expertise . The elderly users spend
more time conducting verification strategies, where they have found the correct link,

685

but take the time to ensure that the previously visited or viewed pages are not better
matches. The fact that the prior knowledge is so important are what accounts for the
difference in timed needed to complete tasks, between the two age groups, as argued
in the studies described above. These differences should be present in our own study
as well and can be able to explain why other differences occur that we might observe.

690
2.1.2 | Information Architecture Systems
Information architecture consists of four blocks that, together, makes up a web sites
information architecture. It is impo rtant to understand these four parts, as these
affects how users search for and navigate an information architecture.
695
The four blocks of information architecture:

700

-

Organization systems

-

Navigation systems

-

Labelling systems

-

Search systems

(Morville and Rosenfeld 2007)

2.1.2.1 | Organization Systems
Organization systems are how the web site is structured and how the content are
705

grouped (Morville and Rosenfeld 2007) . Maloney and Bracke argues that organization
on a site refers to the logical groupings and the content and services that are available
to the user(Maloney and Bracke 2004). The organizational system of a web site directly
affects how easy or difficult it is for the users to find the information they are looking
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for. To make as usable an organization s ystem as possible, some challenge s has to be
710

addressed.
The classification of content can be difficult, as it can have multiple meanings and be
ambiguous (Morville and Rosenfeld 2007) . This is a problem, when trying to decide
where to place content, as it might be fitting to place it in more than one place.
As the web contains many different types of content and are heterogeneous in its
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nature, it is not possible to make an organization system that fits all web sites and
content (Morville and Rosenfeld 2007) . Instead it is important to develop it, so it fits
the content and the needs of the user.
Just as the web in itself is heterogeneous, so are the users and the way they structure
content (Morville and Rosenfeld 2007) . This means that an organizational system that

720

fits one person perfectly can be extremely confusing and illogical to another pe rson.
This requires the organization system to be designed to fit many different users’
perspective on how the organization should be. To do this, it is necessary to include
them in the design process and attempt to create the organization system in a way
that fits as many as possible. It can be necessary to provide more than one route to

725

the content on the web site to accomplish it (Morville and Rosenfeld 2007) .
Internal pressure to make an organization in certain ways, to fit to ideas by the
management, marketing and more, will also influence the design process of the
organization system and must be taken into account (Morville and Rosenfeld 2007) . It
can be difficult to balance the ne eds of e.g. the management on one hand and the
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users on the other. It is important to keep in mind that the system is being designed
for the users and their needs should be the primary goal to fulfill.

Overcoming the challenges of designing the organization sys tem, it is important to
know that it consists of two parts: The organization scheme and organization structure
735

(Morville and Rosenfeld 2007).
The organization scheme is how the content are grouped by shared characteristics and
is related to the above mentioned challenges, while the org anization structure is how
the organization scheme is connected and relationships between the groups (Morville
and Rosenfeld 2007). Maloney and Bracke writes that a sites organization scheme “…
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will often serve as the foundation for the primary navigational choices on a site’s main
menu or primary navigational bar.” (Maloney and Bracke 2004).
The organization scheme can be done differently, but two different types encompasses
the various methods. The objective method is easy to design an d maintain, as it
focuses on clear distinctions between the groups. I can be alphabetical, chronological,

745

geographical and so on (Morville and Rosenfeld 2007). It is, as stated, easy to design
and maintain, but it requires the users to know exactly what they are looking for. The
subjective method on the other hand can be difficult to design and maintain, but are
easier for users, who does not know exactly where or what they are looking for
(Morville and Rosenfeld 2007). The subjective method groups the content by topics,

750

audience and more. This is done so the user c an look for a specific topic, such as
specific types of cars, so they do not have to scroll unending lists of vans, sports cars
and trucks to find a station wagon. By doing it this way, the user does not need to
know all the facts and exactly what they are looking for.

755

The organization structure is, as mentioned earlier, how the organization scheme is
connected internally. This is done by structuring the content in a hierarchy, where the
content is structured in the groups of the organization scheme. The challenge is to
structure it in a manner that are easy to navigate through. Decisions has to be made
on how wide and deep the structure should be, to help the users find their desired
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information (Morville and Rosenfeld 2007) .

2.1.2.2 | Labelling systems
The purpose of labels is to, quickly and without taking up too much space,
communicate what can be found by clicking them (Morville and Rosenfeld 2007) .
765

Labels make up the navigation, discussed in the next chapter, and shows the user what
is in the organization schemes and what can be found in different parts of the
organization structure (Morville and Rosenfeld 2007). Maloney and Bracke argues that
labels should clearly communicate the meaning of the site and that they must target
the user with a language they understand (Maloney and Bracke 2004).
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As labels are what explains the contents of the different organization schemes to the
users, it is important that they are as clear and explanatory as possible. The labels can
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be a number of different objects on a web site. It can be a heading for a ch unk of text
or a video, it can be contextual links tying related content together across the
organization structure and it can be navigation options in the web site navigation
775

(Morville and Rosenfeld 2007).
To have a successful labeling system it is important to be consistent, to help the users
learn to use the system and accommodate their expectations to how they think it
should perform. This is done by keeping the style the same and the language
consistent (Morville and Rosenfeld 2007) . It is also advisable to make the labels based
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on the target group, so a label is tailored to the type of users, who are interested in
the specific organization scheme it labels (Morville and Rosenfeld 2007).
Designing the labeling system is done by understanding the content, the organization
schemes, the users and the context how they are used. It requires caref ul
consideration of all these aspects to design the best labeling solution (Morville and
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Rosenfeld 2007).
Etcheverry et al. described lexical matching, which is how users read labels and words
and attempt to match them to a subject they are looking for (Etcheverry et al. 2012).
This method of searching for information makes the labels incredibly important, as
they must be able to hit as many matc hes as possible for as many users as possible.

790
2.1.2.3 | Navigation systems
Navigation on the web is not just how the user gets around in the organization system,
but also how they orient themselves and understands where in the system they are.
Maloney and Bracke identifies navigation systems as navigation structures which “…
795

define the relationships between content and service elements of a site, and between
groupings in the site's organization.” (Maloney and Bracke 2004).
Navigation can be divided into two types of navigation: The embedded navigation and
the supplemental navigation (Morville and Rosenfeld 2007) . The embedded navigation
is often wrapped around the top and sides, are inserted in the sites content and
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functions as the main navigation and to provide information on the location in the
organization system. Maloney and Bracke calls these local relationship schemes and
writes that they are used to define clear relationship between content on a
website(Maloney and Bracke 2004). The supplemental navigation are extra
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navigational options, which are outside the main structure with content and include
805

guides, indexes, search features and more (Morville and Rosenfeld 2007). The
navigational features included in brow sers support the features of the web sites, by
providing methods for moving back and forward, bookmark pages and providing color
coding to show which links have been visited (Morville and Rosenfeld 2007) .
If we are to explain the two types of navigation, embedded and supplemental in more
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detail, we find that the y do a wide variety of jobs.
Starting with embedded navigation we find the element global navigation, which is
constant across all pages of the w ebsite. Local navigation changes from page to page
and provide special navigation from the current position in the organization system.
Finally we have contextual navigation which provides specific links to related content,

815

which might anywhere in the orga nization system, even in other organization schemes
(Morville and Rosenfeld 2007).
Supplemental navigation includes site maps, site indexes, guides and search (Morville
and Rosenfeld 2007). All these provide extra complementary navigation methods to
the user by showing the entire web site structure (site map), a li st of all the content
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(site index), tips and tricks to navigating the specific web site (guide) and the ability to
look for specific terms (search) (Morville and Rosenfeld 2007) . Search is a complex
navigation method, which in itself is a building block of information architecture,
which will be described below.
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James Kalbach divides navigation into three categories in his book Designing Web
Navigation from 2007 (Kalbach 2007). He divides them into categories based on what
and how they connect content. The three categories are: Structural, Associative and
Utility. The main difference from Morville and Rosenfeld to Kalbach is that Morville
and Rosenfeld divides it by whether the navigation is integrated into the content or
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not. Kalbach divides it by how the navigation links the content together. His structural
navigation includes the global and local navigation and are grouped because they
provide methods of moving up and down the organization structure (Kalbach 2007).
This type of navigation are described as vertical navigation by Morville and Rosenfeld
(Morville and Rosenfeld 2007). The associative navigation includes contextual
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navigation, adaptive navigation like most read articles and most popular product,
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quick links to the most popular content and footer navigation that provides pages with
extra information that does not fit into any specific organization schemes (Kalbach
2007). Contextual, adaptive and quick links provide navigational options across the
organization system, which Morville and Rosenfeld calls lateral navigation (Morville
840

and Rosenfeld 2007). Kalbach’s last type of navigation is utility navigation and are the
navigational methods that help the user use the web site and are similar to Morville
and Rosenfeld’s supplemental nav igation (Kalbach 2007). Utility navigation includes
internal page navigation, search forms and help pages.
Furthermore, Kalbach includes the pages of the website in his navigational options as

845

they can help facilitate nav igation. He divides the pages into three types: content,
functional and navigation pages (Kalbach 2007). The content pages are of course just
pages of content. The functional pages allows the user to complete tasks, such as
signing up for a newsletter and final ly we have the navigation pages that facilitates
further navigation by providing information on the organization al structure and
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further navigational options (Kalbach 2007).

Kalbach’s navigational methods elaborates on those of Morville and Rosenfeld, but are
very similar. They show that there are many different ways of providing navigation
methods to tie the organization system of a web site together, which can help the
855

users but maybe also confuse them, if there are many different methods or the web
site uses a method not familiar to the user.

2.1.2.4 | Search systems
The final system of information architecture is search systems, which are a
860

supplemental navigation method, but a complex and powerful one. Search lets the
user circumvent the other navigation systems an d go directly to the desired
information, but only if it is well designed. Search is not only entering a search query,
but it is also how the interface is displayed, the query language can be difficult to use
and the algorithm making up the search engine c an produce unanticipated results
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(Morville and Rosenfeld 2007). Furthermore, the user’s query must be similar to how
the labeling have been done and the terminology for the subject in general. The
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results page can confuse a user if it is not properly organized or cluttered with
information (Morville and Rosenfeld 2007 ).

870

2.1.2.5 | Summation
The four systems, organization, labeling, navigation and search, are all integral parts
of information architecture and neither of them can stand on its own. An organization
system is needed for navigation to take place and label s are needed to give meaning to
the navigation. Labels are necessary to describe the organization schemes and labels
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need the navigation systems to exist. Search is a part of the navigation and utilizes
labels when searching. The difficulties in designing the organization system will often
require a search system to help the user’s when they do not understand the
organization system. These four systems are directly influencing the users ’ abilities to
find their desired information and are therefore importan t aspects to consider, when
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investigating how users use a web site.

The following section will provide a thorough elaboration on the concept of eye
tracking, our chosen method of testing users in this thesis.

885

2.2 | Eye tracking
Testing a project, such as a website, can be done many different ways and with varying
problems and upsides. Many suffer from distracting the test participant during the
test, for instance during a think aloud test, or by relying on the participants abilit y to
accurately remember and explain their actions (Busjahn et al. 2014). Eye tracking lets
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the user perform tasks without having to think about remembering , what and why they
perform certain actions or having to explain them during the test.

Eye tracking is based on recording the fixations and saccades of the test participant
(Busjahn et al. 2014). Fixations are data showing where the participant looks and
895

saccades are the paths their eyes take between each fixation (Busjahn et al. 2014).
Eyes tend to be moving many times each second and are rarely looking a one specific
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point for long at a time and these quick eye movements can show us how users scan
information, where they start, where they end and so on (Ehmke and Wilson 2007).
Ehmke and Wilson explains this by the eye -mind hypothesis, which states what a user
900

is looking at is what they think about or are focused on (Ehmke and Wilson 2007).
Recording these fixations and saccades are generally done by shining infrared rays at
the test participant’s eyes, which are then reflected back from the pupils. The
reflected rays are then captured by the eye tracking hardware and the software
processes it, by analyzing the angles the light comes from, to calculate where the

905

participant was looking (Zhu, Fujimura, and Ji 2002).

Being able to know how the user locates relevant information, how they scan for it and
in what order is of course relevant, when trying to design the most usable information
architecture. It has been found by looking at the divide between novices and experts,
910

as described in chapter 2.1.1.3 | Prior Knowledge on page 14, that repetitive eye
patterns are associated with novices (Busjahn et al. 2014). This shows that eye
tracking can be used to identify differences between different groups.
Only recently have the technology become affordable, accurate and non -intrusive
enough for it to become widely used in businesses and research, despit e it being a
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research subject for a long time (Kurzhals et al. 2014). Now it is, however, easier and
cheaper to use with the onset of freeware such as OGAMA and affordable hardware
like The Eye Tribe, which will be described in more detail in 3.1.3.1 | Hardware and
software on page 54.
Eye tracking technology are currently being used for many different tasks. It is used in
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neuroscience for research into vision and how we use it (Duchowski 2002). In
psychology it is used for research into how humans read, perceive art, scene and films
and how we perform visual searchers on a website for instance (Duchowski 2002). Eye
tracking is used in evaluating human factors in designing work areas for humans. This
include optimizing the design and layout of aircraft cockpits and cars. It is furthermore
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used in these areas to understand and prevent accidents, by gaining understandi ng of
what we pay attention to in different situations (Duchowski 2002). Eye tracking are
used in advertising and marketing as well, to evaluate the work done and provide
information on the best design and placement (Duchowski 2002). It is used to evaluate
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what features in an advertisement gets the most attention from test participants,
930

which allows the marketers to optimize their campaigns (Duchowski 2002). In
computer science it is used in a variety of ways. I t is used in usability to understand
what the users focus on and where improvements can be made, but it is also used in
more complex ways (Duchowski 2002). Eye tracking can be used to aid in the
communication between people, such as people who have disa bilities inhibiting their

935

speech (Duchowski 2002). The famous physicist Stephen Hawking who suffers from ALS
uses an eye tracker to communicate. He looks as letters and words on a screen, which
is tracked and processed by the computer that in turn speak s for him (“The Computer Stephen Hawking” 2016). It is useful in multiparty communication, such as a video
conference, where it can help the users in knowing who each person are talking to, by

940

tracking their eyes to find who they are looking at (Duchowski 2002).

By looking at the different types of data collected, by the eye tracker, it is possible to
uncover a wide variety of information on the web site and user.
The combination of the order of fixations and the saccades between them forms the
945

scan paths, which can show how and where the users search for information (Goldberg
et al. 2002). This can be used to find problems with the existing structuring of data or
confirm the validity of the existing one. To analyze the similarity of scan paths,
Levenshtein’s algorithm of edit distances are used by s ome eye tracking software, such
as OGAMA. This algorithm counts the number edits needed to change a string, so it is
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the same as another string (Guan et al. 2006). In eye tracking it is done by assigning
letters to areas of the screen or areas of interest on assigning these letters to
fixations. The strings of letters produced by this procedure are then compared and the
edit distance calculated (Guan et al. 2006). This procedure provides a percentage of
the similarity between test subjects, which is useful to understand how similar of

955

different groups or test participants look through a website.
Looking at fixations it is possible to get information on a number of user behaviors.
Search efficiency can be evaluated by looking at the spread of fixations. The number of
fixations can also indicate how easy it is to locate information. Repeated fixatio ns on
the same target might indicate something that is difficult to extract meaning from. The

960

duration of fixations can indicate ease of extracting data. How quickly the first fixation
happens shows how effective elements are at getting the user’s attentio n. Long scan
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paths can indicate inefficient searching, which is also the same for scan path durations
(Ehmke and Wilson 2007).
The number of saccades shows how much searching has been needed on the product.
965

Long saccade duration can indicate that it is difficult to see or read parts of the
product (Ehmke and Wilson 2007).
Looking at scan paths it is possible to combine the fixations and saccad es and extract
more information. The duration and length of scan paths indicates the search
efficiency, as longer length and duration can point to the user having difficulties

970

locating relevant information. Scan paths going back and forth between the same
areas can indicate a problem with how clear and understandable the information is
(Ehmke and Wilson 2007).
Building on the scan paths, it is possible to record specific areas of interest (Goldberg
et al. 2002)(referred to as AOI hereafter). These are used to record for how long a user

975

looks within a certain area of the product which is being tested. This could be images,
groups of links, individual text blocks, navigational elements and more. AOIs can be
used to identify what are most looked at, the order of when they are being focused on
and how many are looked at (Goldberg et al. 2002). Fixations in each AOI can also be
used to compare the relative importance of each (Kurzhals et al. 2014).

980
Common methods of presenting the data from an eye tracking study is by attention
maps, which uses colors to show what areas of the test product the pa rticipants have
focused on and gaze plots which shows the routes taken between the fixations that
make up the attention map (Kurzhals et al. 2014). Displaying gaze transition is another
985

method, where it is visualized the order of transitions between areas of the product
(Busjahn et al. 2014). This can be used to identify what the participant focuses on and
in what order, which can identify where participants get lost in their information
search.

990

A number of problems exist for the use of eye tracking, which is mostl y regarding
consistency and accuracy.
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Fixations are based on the software recognizing when a user looks at certain points for
a minimum duration of time, but this duration varies from study to study and software
to software (Goldberg and Helfman 2010). Al Maqbali et al. states that the difference
995

in studies range from 100ms to 200ms, but for familiar objects it can be less than
100ms (Al Maqbali et al. 2013). This inconsistency can give different results from the
same data as it will be analyzed differently. This problem can be reduced by ensuring
that the same definition of a fixation, is used in the entire study (Goldberg and
Helfman 2010). We will address this issue by using the same software and settings for
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the entire test.
It is also possible to misinterpret the results of the data collected. Long fixations can
be seen as confusion or interest, depending on the situation. Scan paths that goes
back and forth between targets can be seen as it bei ng difficult to extract meaning
from the content, but it can also be that the user is just trying to decide between
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different options (Ehmke and Wilson 2007). This is something we need to be aware of,
as our interpretation of the collected data will influence the conclusions based on it.
Researchers must be careful to consider more than one possible reason for tendencies
observed as described by Kurzhal et al. (Kurzhals et al. 2014).
As described earlier, it is possible to use AOIs to help in understanding what, when

1010

and where a user is looking. Setting up these areas are mostly based on what the
moderators sees as appropriate a nd therefore has to be done after careful
consideration (Goldberg and Helfman 2010). It is important to consider what needs to
be defined as individual areas of interest and how much padding each of these needs
(Goldberg and Helfman 2010) as it will influence how many fixations will be included in

1015

each area of interest.
Inaccuracies because of the test participant moving during the test or issues with the
calibration can also effect the validity of the collected data (Goldberg and Helfman
2010). It is further important to remember that the user will be put into an unnatural
situation, which means they might not act in their usual behavior (Kurzhals et al.

1020

2014). More on this will be described in 3.1.3.2 | Test setting and testing on page 55.
This means it is important to make the calibration as accurate as possible and ensurin g
the participant is as comfortable as possible before starting. This can reduce how
much physically they move during the test.
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In general there are issues with the fact that eye tracking lacks standardization in not
1025

only the terminology, but also in the a lgorithms used to track eye movements (Al
Maqbali et al. 2013). As mentioned earlier, it is important how the dura tion of a
fixation is defined.

3 | Methodology
1030

In the following we will describe how we intend to answer our problem statement and
research questions. It is divided into three sections: our theoretical approach, our data
collection and data analysis. In data collection we describe how we in tend to collect
the data and what we base our chosen methods on. In data analysis we describe how
we analyze the collected data and which measures we intend to use . However, firstly

1035

we will account for our theoretical approach to the thesis.
The theoretical approach to this thesis can be considered to relate to critical
rationalism(“Popper: Critical Rationalism | Internet Encyclopedia of Philosophy” 2016) .
The purpose of this thesis is to investigate whether or not Prensky’s postulate
regarding digital immigrants and digital natives is true in relation to eye tracking. His

1040

postulate can be seen as the thesis’ hypothesis as he believes that natives are
different to immigrants. To transla te this hypothesis into our framework; Young
people and old people view and use a website’s navigation differently. To either falsify
or verify this hypothesis we create our own empirical data through extensive testing
on people from both the native and im migrant group to identify differences and

1045

similarities. This data is analyzed thoroughly to answer our chosen problem statement
which is closely related to the perceived differences that Prensky believes to exist.
Even though this thesis can be linked to c ritical rationalism it is essentially not as we
do not seek to falsify the hypothesis stated, but rather to seek information with the
sole purpose of investigation.

1050

Furthermore, we employ a social constructivist approach (Atwater 1996) as we
maintain a critical view of the chosen theory and method and the created data
throughout the thesis. The basis of the thesis is a critical view of the work of Marc
Prensky. This critical approach encro aches on the concept of phenomenology(MerleauPonty and Smith 1996); that everything is because someone says it is. In relation to
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this, we test whether or not the notion of digital n atives and immigrants is true, an
idea which is conceived in the mind of Prensky.

With the theoretical approach accounted for , the following chapter will cover the data
collection section.
1060

3.1 | Data collection
We collect our own data for our analysis an d we do so by using two different methods.
We will conduct an eye tracking study and a questionnaire. The eye tracking study is
intended to provide a variety of quantitative data on the participants, while the
1065

questionnaire provides background information, which can be used to analyze the eye
tracking data for specific groups.
In the following we describe how we have chosen to collect our data. First we describe
the participants for our test, then we describe our test plan, eye tracking and
questionnaire follows next and finally we describe the ethics in relation to conducting

1070

our tests.

3.1.1 | Participants
60 participants would provide a clear and statistically sound picture of the tested
groups, when conducting eye tracking (Pernice and Nielsen 2016). Having around 40
1075

participants does give an indication of what tendencies might exist, and according to
Pernice and Nielsen, an eye tracking study, should at least include 39 participants
(Pernice and Nielsen 2016). This number of participants gives us an indication of
whether there are any differences between t he groups or not and can provide an idea
of the need for further research.

1080

Because of the equipment, we will use to test the participants, we have to exclude
certain potential participants. After having contacted The Eye Tribe about any
problems related to the participants age, we got at reply with the following
recommendations: Participants cannot wear glasses with polarized glass or shifting
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focus and participants with “saggy eyelids” with partly obscured pupils can be difficult
1085

to track, will not be part of this test.
To avoid having users who are currently not using borger.dk and not having the test
session turn into an instruction in the use of borger.dk, we will not include
participants who has little or no experience in using the Internet. This ensure s we only
test current users. It is also related to our exclusion of the physical aspect of using the

1090

Internet and the user’s cognitive abilities. We do not focus on issues related to
accessibility, as that is a subject with extensive research already done .

3.1.2 | Test plan
We intend to develop a test plan, which shows what and how we will be conducting
1095

our tests to gather the data we need.
Test plans are useful as a type of blueprint for the tests. It can be used to
communicate what the test is investigating and how, and it helps to ensure that
everyone knows what their roles are (Rubin, Chisnell, and Spool 2008).
James A. Whittaker describes one of the strengths of a test plan to be that it forces

1100

the planners to consider problems and coming up with solutions (Whittaker 2012). He
considers the test plan as a burden, when it is completed, as he feels it is too time
consuming having to constantly update it (Whittaker 2012). We agree that it can be
time consuming, especially for experienced t esters. For us less experienced it can help
us, as described earlier, so we intend to keep revising it.

1105
We will base our test plan on the template provided in the second edition of
‘Handbook of Usability Testing’ (Rubin, Chisnell, and Spool 2008) . This template forces
us to consider various aspects of the planning process and provides a framework for us
to use. We intend to customize it to our needs, as parts of it might not be relevant or
1110

we need to add more to it. This template is available for download following the link
provided on page 91(Rubin, Chisnell, and Spool 2008).
The template is similar to other templates we have found, such as one by Derk -Jan De
Grood in his book ‘TestGoal – Result-Driven Testing’ (Grood 2010) and one by Rex

37

Master’s Thesis

2016

Black in ‘Managing the Testing Process’ (Black 2009). Both of these examples varies
1115

mostly in the terminology used and not on what is included.

The purpose of the study described by this test plan, is to investigate whether or not
age as a category alters or affects peoples’ ability to use a website. In the test the
participants will be tested via eye tracking to understand how they perceive or view a
1120

website. These participants will be separated by age so that benchmark can serve as a
main point of comparison. Testing whether elderly is affected by age related factors in
their performance on websites is important as modern society dictates that the elderly
has to be able to do so, in order to receive the benefits that consti tutes their rights as
citizens.

1125
The order of our test plan is identical to the order used by Rubin, Chisnell and Spool ,
found on page 67(Rubin, Chisnell, and Spool 2008). There is a reason for doing so; if
one follows this order in their process, they will find that they most likely will not
have to go back and make major changes. If the study objectives have been set first
1130

the rest can follow. Arguably it would not make sense to make the tasks as the very
first thing, as one would not have determined the exact goals or the participants for
the test. E.g. you would not make an elaborate set of tasks for an eye tracking study,
only to find that the participants you want to test are blind. With that being said,
Rubin, Chisnell and Spool explains that the probability for your test to go exactly like

1135

you planned is small. They argue that one can accommodate unwanted or unforeseen
changes by developing the test plan in stages(Rubin, Chisnell, and Spool 2008) . More
methods to reduce issues with the tests are described in chapter 3.1.3.3 | Pilot test on
page 57.

1140

In the following, the test plan for this thesis will be accounted for, naturally the first
section will cover the purpose and goals for the test plan.
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3.1.2.1 | Overall objectives for the study
The goal of the test is to create data for an analysis of possible differences between
1145

young and elderly people. The data collected will be used to determine whether age
related factors affects a person’s ability to use websites.
The goal of this st udy is to:
-

Measure any differences in the way young and elderly people navigate and look
at websites, while performing tasks

1150
3.1.2.2 | Research questions

1155

-

Do young and elderly people focus on different parts of a website?

-

Do they navigate through a website structure differently?

-

Are there differences in their time spend on completing tasks?

-

Do they spend varying time looking at specific parts of the website?

-

Are one group more prone to using a trial -and-error method than the other?

-

Are there any tendencies in where each group starts on the website?

3.1.2.3 | Recruiting participants
1160

Test participants will be determined first and foremost by their age. The age groups
are 18-24 and 53+ years old to ensure that they are adults who might have used
borger.dk and the elderly group are of a high enough age, to have experienced the
advent of digitalization. We will also attempt to include participants with different
demographic backgrounds. The following table is a representa tion of our desired

1165

participants, how many we hope to include an d their diversity. In section 3.3.2 | Test
reflection we will discuss how many participants we were act ually able to get.

Characteristic

Desired number of participants

Participant type
Old

28

Young

12
Total number of participants

39
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Prior knowledge
Low

13

Medium

14

High

13

Internet usage
Low

5

Medium

20

High

15

Gender
Male

20

Female

20

Table 1 – Desired participants

We will exclude people who have:
1170

-

Polarized glasses

-

Glasses with shifting focus

-

Very “saggy eyelids” with hardly visible pupils

-

Little to no experience using the Internet

-

Limited physical abilities; unable to operate a mouse or being blind

1175
3.1.2.4 | Tasks
The tasks will be centered around the participants locating specific pieces of
information on borger.dk. The tasks will be designed so the participants are forced to
navigate through different parts of the website, including areas not normally relevant
1180

to them. This includes tasks relating to areas relevant to the young group , but not
normally relevant to the elderly group and vice versa. Furthermore, we will include
tasks that might be relevant to both groups and tasks which might not be relevant to
any of the groups.

1185

We have chosen to use the website borger.dk as it is the main hub for all Danish e government communication between the state and the citizens, with only 10.6% of the
adult population exempt from using it. This means that it is an important p ortal for all
citizens, old and young. As 86.9% of those exempt are 55 years or older it indicates
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that this could be a web site that could help us investigate whether there are
1190

differences in the age groups.
Looking at the information architecture of borg er.dk it provides possibilities to test
the different systems mentioned in 2.1.2 | Information Architecture Systems on page
24. The organization system of the web site is extremely complex with a very broad
and deep organization structure and organization schemes covering many different

1195

groups of content. This allows us to test how the two groups looks at and navigates
this type of structure that the digitalization results in. The labeling of such a large
organization system are also complex, where it can be difficult not to create
ambiguous labels, which can confuse and irritate users. Borger.dk also demands a well
thought out design of the navigation system to allow the users to navigate vertically in
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the organization structure, but also provide lateral options when necessary, while
avoiding making a cluttered and overly complic ated amount of contextual links.
The publically available part of the web site is huge on its own, but more navigational
options and organization schemes are made available when the citizen are logged in.
We have chosen to focus on the public part to avoid having to display any personal

1205

and sensitive data. This and other ethical considerations can be found in section 3.3.3
| Ethical considerations on page 75.

The test will consist of three tasks. One mostly relevant for the young participants and
one mostly relevant for the elderly . One tasks will be neutral and relevant for both
1210

groups and two tasks will be centered on niche areas of borger.dk, which i s not
relevant for most people. Each task will have multiple paths through the website
structure, so the use of shortcuts present on the website, can be compared between
the groups. All the tasks will start on the front page of the website and have the user
navigate down through the hierarchy.

1215

The search function of the website will not be mirrored in our test, as we intend to
test the users’ navigation through the naviga tional hierarchy of the website. This
means that we will not be testing the search systems of information architecture
mentioned in 2.1.2.4 | Search systems on page 29. Even though search systems are an
integral part of information architecture, we are ignoring it as it can potentially

1220

reduce the need for looking for the answers for ou r participants.
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3.1.2.5 | Task list
Our study will follow certain guidelines, to ensure the users are tested in similar
fashions. Each user will fill out a questionnaire, to provide us with information on
1225

their demographic background and prior knowledge. They will be asked to sit down in
front of a computer and the test moderator will help the participant calibrate the
equipment. The test moderator will explain to the participants what the test is about.
When the test begins instruction slides will inform participants how they start the test
and when they have completed each task. The goal is to have minimal involvement

1230

from the test moderators to minimize the risk of the test results being contaminated
but the test moderator shall always be present and nea rby to help participants if need
be, whether its equipment malfunction or help to proceed with the tasks.

The purpose of this particular OGAMA experiment is to simulate the website
1235

borger.dk. To accommodate that we have created an experiment that has the illusion
of the site to a certain extent. For every website page the experiment simulates,
multiple slides have been added with links between each other. To imitate scrolling
the participants can use the directional arrows to move up and down the page. In all
slides the browser window is also present in order to support the illusion of using a

1240

website. To do this we have taken over 30 screenshots of different areas of the
website. These slides and the instruction slides will be in Danish as all our particip ants
will be Danish and we are simulating a Danish site.

For our test we have created three tasks for our participants to complete. To complete
1245

them, they will have to visit different parts of the site. The information they will be
looking is located vastly different places visually, as a method of making sure that
participants cannot complete the tasks, without looking around on the screen. This is
to avoid participants only looking in one location because they were successful twice
in doing so. Instructions on how to complete a task is located in the beginning of that

1250

task and will explain to the participants what kind of information they a looking for.
The tasks will have the same order for all participants and will not be randomized. This
is due to a software limitation because OGAMA is as simple as it is. If one were to
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change the order of slides in OGAMA they would effectively have another experiement
on their hands. This makes it very hard to compare results and with the amount of
1255

data we are trying to create and analyze it would take a very long time. We fully
understand how this affects our results; there is a chance that participants will
complete the later tasks faster than the first as they have now understood how the
site works. However, given as we are not testing the usability of the site and all tasks
are ordered in a way that requires participants too find the information a new place

1260

everytime, this is what we have chosen to do.

Picture 1 - Front page 1
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Picture 2 – Front page 2

Picture 3 – Front page 3

After reading the task specific instruction slide we start them off at the “front page” of
1270

our illusory site. The yellow round targets in the right corners are links between the
slides. The rectangle shaped targets fall under two c ategories, progression targets or
error targets we call them. A progression target will lead the participant to the next
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slide in the experiment and thus allow them to progress towards completing their task.
These target rectangles are fit to match the siz e of the option on the page so
1275

participants have to click precisely. The error targets are much bigger as they
encompass many more options. These targets will link the participant to an error slide.
The purpose of an error slide is to inform the participan t that they have selected the
wrong option and that the information they are seeking cannot be found there. It also
informs them that they can press a “BACK” button to return to the previous slide. This

1280

is to help the user accomplish the tasks, as we are n ot testing their ability to complete
the tasks, but how they attempt to do it.

Picture 4 – Error slide

1285

By pressing the target, they get send back to the page they were previously on. As
OGAMA is a fairly simple piece of software it lacks a ‘previous sl ide’ function. For this
reason, we have included a companion error slide for every other slide in the
experiment. The purpose of all these slides is that they link back to their companion
slide so participants always come back to the slide they were previo usly on.
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1290
Picture 5 – End slide

When a participant has completed a task they will be presented with an end slide
which will inform them that they have completed that task and give them a button to
1295

press to go to the next task. The last slide in the tes t is similar to this though it thanks
participants for participating and gives them a button to press to end the test.
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Picture 6 – AOI

1300

In our experiment we have ensured that it is possible to collect all of the data that we
want to as seen in section 3.1.2.10 | Measures on page 51. Our way of ensuring that is
to add Areas of Interest(AOI) to all slides. The term AOI were presented in chapter 2.2
| Eye tracking on page 30. These smal areas have been added as squares on the page
which each cover things on the page that could be of interest.

1305

The screenshot shown above is a representation of these areas, covering important
objects such as the local navigation, pictures and shortcuts. For the picture shown
above, the AOIs have been selected on the base of what participants would probably
look at to find information such as the local navigation or the shortcuts. We have also
added AOIs to the header and the breadcrumbs as it is a possibility that participants

1310

might want to reconfirm their current position in the site structure.

Pre-test arrangements

1315

-

Prepare software(OGAMA)

-

Statements of consent are filled out

-

Questionnaires are filled out immediately p rior to the test by each participant
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Before conducting the actual test, it is advisable to have certain things prepared.
According to Pernice and Nielsen it is best to have your eye tracking software ready to
go immediately as soon as the participant arriv es. Furthermore, they argue that by
giving participants too much information before the test they might get nervous or
1320

confused. (Pernice and Nielsen 2016) Having the software ready when participants
arrive and making sure that they do not see the whole setup makes for a more
professional presentation and also correlates with the perspective of making sure
participants are more comfortable in an unfamiliar situation.

1325

Session introduction
-

Introduce the users to the test environment

-

Present the test, its purpose, the equipment, calibration and tasks to the
participant

-

Calibrate the equipment: The seat, screen and The Eye Tribe equipment

1330
Pernice and Nielsen argues that participants should know just enough about the eye
tracking test before starting but not too much. By overdoing it you run the risk of
making participants uncomfortable. (Pernice and Nielsen 2016) By giving users the
right amount of information you minimize the risk of giving them information overload
1335

which can lead to confusion or the participant not focusing on the tasks.

3.1.2.6 | Test environment
Our tests will be conducted as laboratory tests, as described in section 3.1.3.2 | Test
setting and testing on page 55. This is done because it is necessary to ensure that the
1340

computer used has OGAMA and The Eye Tribe software installed, has the required
processing capability to use the software and hardware. The use of a laptop is to give
us a mobile laboratory needed, as we have to travel to and conduct the tests at
varying locations. At the different locations we have to find places to set up our
equipment in a way, so the possible distractions to the parti cipant is as low as possible

1345

and with as little direct sunlight as possible. It also has to be a controlled environment
with as little distracting elements, such as people walking by, as possible. We will
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attempt to position the participants so they face a wall so they will not have
pedestrians walking directly in to their view . In regards to our position as test
moderators, Pernice and Nielsen recommends having the test moderator sitting next
1350

to and slightly behind the test participant, to ensure close eno ugh proximity to aid
with any problems, but just out of their field of vision, so as to not be a distraction
(Pernice and Nielsen 2016). We intend to follow these recommendations.
The equipment used are laptops
with OGAMA installed on them

1355

and The Eye Tribe tracker, which
we have described in more
detail in 3.1.3.1 | Hardware and
software on page 54. The
tracker has to be placed

1360

underneath the screen, which
means we have to place it on
the keyboard of the laptop. This
is of course not the best
solution, as it can be

1365

distracting. We work around
this problem, by given the
participants time while sitting in
front of the test equipment,
while being introduced to it,

1370

before they have to perform the
tasks. This helps reduce how
distracting it is. The tasks do
not require the use of a
keyboard, but only a mouse. We

1375

have chosen to use a wireless
mouse and not the touchpad.
This is done as most people

Picture 7 - Test setup

know how to use a regular mouse and as touchpads have varying sensitivity, which can
confuse the user, as it might be very different from their own laptop. To improve the
1380

visibility of the screen, we are raising the back of the laptop, so the screen is higher.
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This is done so the eye tracker, positioned on the keyboard, does not obscure the vie w
of the bottom of the screen.
The picture above shows how we intend to setup our test equipment. As described
above, we have raised the screen, positioned the eye tracker on the keyboard and
1385

provided a wireless mouse.

3.1.2.7 | Location and setup
The conduction of this test will take place in very different locations. Due to
limitations, we have to come to our participants and test where they are available.
1390

That will cause some difficulties as we relinquish some control of the test
environment. However, we are planning to conduc t the test in as similar fashion we
can regardless of location i.e. having consistency in the setup of the computers. These
specifics can be found in section 3.1.2.6 | Test environment.
Our equipment for conducting the test includes two laptops, two eye trackers and two

1395

wireless mice. Both laptops share the same 13.3 inch display size, the eye trackers are
identical and the mice share the same size and are both without extra buttons. All
questionnaires and Statement of Consents will be in print form and we include pens
for the participants.

1400

3.1.2.8 | Project schedule
The deadline for the project is May 31 which forces us to have certain deadlines that
we must uphold. We plan to have our testing finished at least three weeks before
deadline so we have an appropriate timeframe to sort through and analyze the data.

1405

3.1.2.9 | Moderator role
The moderator’s main role is to greet participants, help them to their seat and h elp
them get setup with the equipment. Afterwards the moderator will explain what the
test is about and how it is going to be conducted through a manuscript. Trivedi and
Khanum argues that social context matters when doing testing and that having social

1410

interaction with other people while testing, can have a positive impact on results,
rather than a test with minimal social interaction (Trivedi and Khanum 2012). Because
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this is not a usability test the role of the test moderator will be that of a friendly
guide, always on hand should participant s need it but never intruding if the
participants are doing fine on their own. This social interaction will also be part of the
1415

presentation of the task as the moderator will explain participants what the test will
be about before beginning to enhance the social interaction. Because each task will be
presented on a slide during the test every participant gets the exact same instructions.
Removing the moderator from this process and replacing them with written
instructions, maximizes the level of consistency in the task presentations.

1420
3.1.2.10 | Measures
Before each eye tracking test, we will have the test participants fill out a
questionnaire. This questionnaire will include questions regarding their gender, age,
prior knowledge, demographic information and previous experience with borger.dk.
1425

More information on the questionnaire can be found in 3.1.4 | Questionnaire on page
58.

We will get the following measures from our eye tracking tests:

1430

1435

-

Attention maps

-

Fixations

-

Errors

-

Clicks to complete

-

Time to complete

-

Scan paths

-

Click paths

-

Areas of Interest

These will be used to measure, if any, tendencies for each demographic group and if a
level of prior knowledge exists.
The measurements are used to answer the test plan research questions. Below we
1440

describe what measurements are used for the individual test plan research questions.
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‘Do young and elderly people focus on different parts of a website?’
This is answered by the attention maps, which shows what has been focused on.
Fixations and fixation times in AOI will elaborate on that .
1445
‘Do they navigate through a website structure differently?’
Scan paths show how the participants loo k through the structure and click paths will
show how the navigate through it.

1450

‘Are there differences in their time spend on completing tasks?’
This will be investigated by the participants’ time to completion for each task and can
be elaborated on by the time used in each AOI, to understand where the potential
differences occur.

1455

‘Do they spend varying time looking at specific parts of the website?’
This is closely related to the question above and can be answered by looking at the
time spent in the different AOIs and time spent on each slide.

‘Are one group more prone to using a trial -and-error method than the other?’
1460

By looking at the amount of errors by the different groups, we can get a broad
understanding of whether any of them are using a trial-and-error method. To
supplement it we can give a heuristic evaluation by looking through the test as it is
recorded in real time.

1465

‘Are there any tendencies in where each group starts on the website?’
This can be done by looking at the first couple of fixations. The first fixation will most
likely be at a random spot, as the task starts with a black screen. This means we will
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look at the second fixation to see, where the participants start their information
search.
1470
Measurements will be conducted on all the tasks completed by the participants. Every
tasks ensure that the participants will visit different parts on the site. The tasks have
been created with the goal in mind that participants can use different methods of
completing the task through the m ain navigation, shortcuts etc. With these things in
1475

place, the results will show where participants look at the site.

3.1.2.11 | Analysis
Our analysis will comprise of the above -mentioned data to identify differences
between the groups, tendencies in cert ain groups, similarities in the groups, and
1480

relate the findings to existing research. This can be found in 4 | Analysis on page 76.

Now that the test plan has been accounted for , the following sections will go further
into detail on our data collection in relation to eye tracking, our questionnaire and
ethics.
1485
3.1.3 | Eye tracking
We are collecting most of our data by eye tracking, as described in 2.2 | Eye tracking
on page 30. The specific measurements used to analyze and visualize the collected
data we will be described in more details in 3.2.1 | Eye tracking on page 65, where we
1490

discuss how we analyze the collected data .
The specifics of our eye tracking study can be seen late in this chapter. In 3.1.3.1 |
Hardware and software on page 54 we describe the tools we use to collect our eye
tracking data in regards to the software and hardware. In 3.1.3.2 | Test setting on
page 55 we discuss how we intend to conduct the experiments and how we set up our
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test equipment. Finally, in 3.1.3.3 | Pilot test on page 57 we describe how we conduct
the test in accordance with our chosen hardware and software and test setting, to get
feedback and make necessary changes and improvements to our test method.
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We acknowledge that the hardware and software we use, might give results that can
1500

be different if we used another combination of hardware and software, but it is a
necessary evil to collect data. It will not, however, effect how the data can be used to
provide indications for any differences between groups as we use the same software
and hardware for all the tests. Using OGAMA and The Eye Tribe eye tracker gives us
the ability to collect the necessary data to compare the way different people look at a
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website, where and how they look for information, which will in turn help us answer
our problem statement and see if there are any differences in how elderly and young
people look for information.

3.1.3.1 | Hardware and software
1510

OGAMA stands for Open Gaze and Mouse Analyzer and the program was written solely
by Dr. Adrian Voßkühler of the Free University of Berlin (“OGAMA” 2016). It supports
several commercial eye tracking units including The Eye T ribe which will be described
below. With OGAMA you can add slides to an experiment and have users go through
those slides one by one in a specific order. In these slides you can add target areas for
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the participants to click. It allows for a test of findin g a specific thing and clicking on it
to progress. The software, as the name indicates, excels in analyzing mouse
movements and where people look. By employing AOI’s on selected slides the software
can create data on fixation times and transitions.
OGAMA is a very basic program to work with and construct tests in . Everything needs
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to be done manually; creating slides, adding target areas, creating completion
conditions, creating links and so on. For larger experiments with more than 15 slides
there is no way to edit them all at once, each must be manually edited by the creator.
This is a significant limitation of the program as it is rather time consuming to work
with. If one were, for instance, to merge data from two or more experiments, it would
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be a hefty task depending on the size of those experiments off course , as everything
from the different experiments must be manually paired . This limits how the software
can be used, as it more or less removes the option the conduct simultaneous tests on
more than one computer. As OGAMA is freeware and a community driven software,
there is a risk that it might contain a high number of bugs. We have experienced a few
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crashes when working with it previously. To reduce the risk of corrupting the data
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base, we intend to make backup copies of it, for each experiment session. This means
we can always go back to the latest working version and avoid having to start over.
We elected to use OGAMA in this project for several reasons; it is freeware with a
large community, it works well with our tracker form The Eye Tribe and we have had
1535

some training in using it, as part of our Master’s program. It provides us with the
means to gather the data, described in chapter 2.2 | Eye tracking.

The Eye Tribe is a Danish company based in Copenhagen who sells eye tracking
hardware. Their equipment consists of a small tracker with a stand and a connection
1540

cord. The Eye Tribe’s technology “relies on infrared illumination and uses advanced
mathematical models determine the point of gaze.” (“The Eye Tribe” 2016). This means
that the eye tracker emits infrared rays, which are reflected by the test participants
eyes back towards the tracker, so it can calculate where the participant was looking.
This is as described earlier in 2.2 | Eye tracking on page 30. The Eye Tribe eye tracker
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is a fairly cheap piece of hardware at only $199, which fits the vision of The Eye Tribe
of providing eye tracking hardware for the mass market consumer (“The Eye Tribe”
2016).
There are a number reasons why we chose to use the eye tracker from The Eye Tri be.
It is very mobile on account of its size and the ease of operating it . It provides us with
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the ability to go out and conduct the tests where we can find the test participants. It is
a non-intrusive piece of hardware, as it does not require the particip ants to wear any
equipment, as the tracker are positioned in front of them, without any need to
physically interact with it. It is also available for use from the university, which makes
it easier for us to acquire.

1555
3.1.3.2 | Test setting and testing
We are focusing on how the participants complete the set tasks and using the
collected data to investigate whether differences exist between the different groups.
This is done in a fashion where the test introduction and task presentations are all
1560

presented in the exact same way, to ensure as high a level of consistency as possible.
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The tasks will be designed to have the participants navigate through different parts of
the structure and in areas they might be familiar with and areas with information not
usually relevant to them.

1565

The test will be conducted as a laboratory test, which comes with both strength s and
weaknesses compared to the opposite in field tests.
The controlled setting of a laboratory test adds to its validity, as outside influences
are reduced (Hertzum 1999; Trivedi and Khanum 2012) as it provides a peaceful space
(Kaikkonen et al. 2005). The controlled setting ensures the participants experience the
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test procedures and tasks the same (Trivedi and Khanum 2012). It also allows for the
researchers to focus on specific subjects they wish to investigate (Trivedi and Khanum
2012).
Laboratory tests, however, puts the user in an unnatural situation , conducting tasks
they might find equally unnatural (Hertzum 1999; Trivedi and Khanum 2012) . Trivedi
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and Khanum describes the difference between field and laboratory settings as fiel d
settings sacrifices control for realism, while laboratory settings sacrifices the realism
for more control (Trivedi and Khanum 2012). It can also be seen as a problem when
the environment is too ‘clean’ and without anything to interrupt the user, as this is
not how they would normally be using a website (Kaikkonen et al. 2005), which would
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make the results be descriptive of an unnatural situation that might n ot exist outside
the laboratory.
Laboratory tests focusses on how something is done an d not what can be done in the
system (Hertzum 1999). This fits the goal of our study, as we intend to investigate how
the groups look at a website and not what the website can do. Furthermore, field tests

1585

are more time-consuming (Trivedi and Khanum 2012; Kaikkonen et al. 2005) , which
does not fit into our schedule.
According to research done by Kaikkonen et al. the number of problems found are
similar in laboratory and field tests and the severity of the problems did not differ
(Kaikkonen et al. 2005). This adds validity to our chosen approach.

1590
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3.1.3.3 | Pilot test
To evaluate and validate our questionnaire and eye tracking test, we will conduct a
couple of pilot tests. This is done to ensure that the actual study can be conducted
with as few problems as possible. The results will be described in 3.3.2 | Test
1595

reflection. This is done in accordance with the results of the study ‘The importance of
pilot studies’ by Van Teijlingen and Hundley, which states that by doing so increases
the validity and ensures the best use of research results (Van Teijlingen and Hundley
2002). This is, according to their paper, something that is rarely done, as some see it
as devaluing their work and some publishers sees the description of problems
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encountered as a weakness (Van Teijlingen and Hundley 2002) . We include it to follow
the recommendations and to explain the possible changes to our tests.

Pilot tests can be used to ensure that everything needed is in order. This includes
ensuring all materials are printed and that the test product are ready, check ing
1605

whether the tasks are understandable and helps getting an idea of how long time each
test takes (Schade 2015). It helps the test moderator getting a feel of problem areas
and how to use the equipment properly, in a low pressure environment (Van Teijlingen
and Hundley 2002). For questionnaires it can help with spotting errors, the range of
multiple choice questions and choosing the best possible order of questions (Van
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Teijlingen and Hundley 2002). Furthermore, it is useful in an organization to convince
the managers that the study is worthwhile and thereby securing funding (Van
Teijlingen and Hundley 2002). It can also help in spotting pr oblems with the chosen
test method before the actual test, so a more appropriate method can be chosen
(Schade 2015).

1615

There are, however, some reservations regarding the use of pilot tests. As pilot tests
are mostly done on small groups, it does not carry a lot of statistical certainty and are
thus not a guarantee for the success of the study (Van Teijlingen and Hundley 2002) .
Including the results of the pilot test can have a negative influence on the test results
as well, as they might be conducted in one way and then the actual study are slightly
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different, to avoid problems encountere d in the pilot test (Van Teijlingen and Hundley
2002). It is important to note that qualitative studies are often done in a dynamic
fashion, where each subsequent test is improved on the basis of the previous test. This
means that the problem stated above is mostly relevant for quantitative studies (Van
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Teijlingen and Hundley 2002). Amy Schade from the Nielsen Norman Group are more
1625

open to the inclusion of the results of pilot tests, but does state that it should not be
included at all costs (Schade 2015). In some organizations the costs of the pilot study
might result in the actual study being forced to continue, even though the pilo t test
showed it had flaws, as it will mean taking a loss on the study. It can also have the
opposite result, where the funding body stops the main study, as they feel the pilot

1630

test has giving adequate results (Van Teijlingen and Hundley 2002) .
We will follow the suggested guideline s for conducting a pilot test set forward in the
article by Amy Schade (Schade 2015) and the paper by Van Teijlingen and Hundley (Van
Teijlingen and Hundley 2002) described above.

1635

The questionnaire will be handed out at the same time during the test , as we will be
doing it in the main study (Van Teijlingen and Hundley 2002) . The questionnaire will be
handed out before each eye tracking test, but after the statement of consent. We will
ask for feedback on the questions and how easy to understand they are and make
changes as needed.

1640

The pilot tests will be timed, to get a more precise idea of how long each will tak e
(Schade 2015; Van Teijlingen and Hundley 2002) .
To ensure the usefulness of the pilot tests, they will be conducted on two participants,
one from each age group, to attain information on both groups responses (Schade
2015; Van Teijlingen and Hundley 2002) .

1645

The pilot tests will be conducted at least one day prior to the first tests in the main
study are planned to allow time for necessary changes (Schade 2015).
The pilot test results will not be included in the main study, to avoid contamination of
the research data (Schade 2015; Van Teijlingen and Hundley 2002) .

1650

3.1.4 | Questionnaire
The complete questionnaire can be found in A ppendix 1.
Our questionnaire has been designed so we can collect the data we are interested in,
which are demographics, described in 2.1.1.2 | Demographics on page 13 and prior
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knowledge described in 2.1.1.3 | Prior Knowledge on page 14. This information will
1655

help analyze and compare the data collected through eye tracking, between different
groupings of participants. We can compare the participants on their demographics and
their level of prior knowledge, to test whe ther there are any differences between the
young people and the elderly .
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As will described later in
3.2.2 | Questionnaire on page 67, we intend to calculate the median of the
participants’ prior knowledge, so we can comp are them based on their level. The level
of prior knowledge is based on a range between one and six, with one being the
lowest. This means that the questions relating to prior knowledge, has to be designed,
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so we get values between one and six. This has be en done for most questions,
however we do have a few yes/no questions asking the participants’ if they have ever
done certain tasks online. These questions have been bundled up into a group of six
questions. When analyzing the questionnaires, we can count the number of yes’ and
no’s and have a value between one and six that can be used on calculating the levels

1670

of prior knowledge.

Our questionnaire will be used to provide extra data, which cannot be collected
through eye tracking; demographical information and their prior knowledge. As our
thesis deal with the concept of age and whether or not it makes a difference we have
1675

to uncover what age our participants are. This has been done in many studies in the
past in relation to using the internet. Zukowski and Brown found that age was an
important factor in how users felt about privacy with e -shopping and they also argue
that young people are faster to embrace the internet (Zukowski and Brown 2007). In
2001 Thompson discovered that younger people were more likely to be proficient at

1680

downloading and messaging on the internet, compared to older respondents
(Thompson S.H. Teo 2001). Kalmus, Realo and Siibak found that younger people were
more likely to use social media and entertainment on the internet than older users and
that younger users were more driven by free will to do so. (Kalmus, Realo, and Siibak
2011). Dwivedi and Williams was able to confirm their hypothesis, that older users
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were less likely to adopt e-government in the UK, to be true (Dwivedi and Williams
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2008). All of these studies show that age makes a difference in the way that people
interact with technology. This means that it is crucial for us to get that information so
we can use it in our analysis.

1690

In our questionnaire we will also ask participants to state their gender. For our part
this is another way of differentiating between individuals. However, there are several
studies that have specifically investigated genders importance. Zukowski and Brown
found that gender had little to no influence on how users felt about privacy when
shopping online (Zukowski and Brown 2007). Thompson discovered that males more so
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than females use the internet for downloading and purchasing activities , while females
tend to engage in message activities more than males do (Thompson S.H. Teo 2001).
Dwivedi and Williams found the difference between males and females to be
insignificant when relating to e -government adoption (Dwivedi and Williams 2008).
We will include gender in the questionnaire as it allows u s to see if there is a
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difference between genders across the two age groups.

In our questionnaire we ask participants to state their educational level as it might
have an effect on results. The following studies have investigated this particular
parameter. Zukowski and Brown was able to confirm their hypothesis; that people with
1705

higher levels of education were less concerned about information privacy than people
with lower levels of education (Zukowski and Brown 2007). In his testing Thompson
found that levels of education did not scale positively with the usag e of computers and
argued that the accessibility of the technology is the reason (Thompson S.H. Teo
2001). Kalmus et al. discovered that higher levels of education scaled positively with
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internet usage related to work and information seeking (Kalmus, Realo, and Siibak
2011). Dwivedi and Williams was able to confirm their hypothesis on education, that
higher levels of education scaled positively with e -government adoption rate (Dwivedi
and Williams 2008). These studies have shown how education makes a difference when
using the internet, how it is used and what reservations the users m ight have. For this

1715

reason, we include it in our questionnaire.

Much like demographics we are also interested in investigating participants’ prior
knowledge. Using the theory from 2.1.1.3 | Prior Knowledge on page 14 we can
develop the questions needed in our questi onnaire to measure that parameter.
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As prior knowledge is a combination of tacit and explicit knowledge, it can be difficult
to express and therefore difficult to measure. Measuring of prior knowledge are done
in various ways, but not all are equally useful and some gives varying results (Dochy,
Segers, and Buehl 1999).
Dochy, Segers and Buehl argue that having the participants assess their own level of
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prior knowledge or having the experimenter judge the participants level, is a flawed
method, as it is based on subjective thoughts. The same goes for free recall tests and
interviews, as their outcome are affected by the participants verbal abilities (Dochy,
Segers, and Buehl 1999).
Other methods are viewed as being more reliable. These methods includes multiple
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choice test, open questions tests, clos e tests, completion tests, recognition tests and
matching tests (Dochy, Segers, and Buehl 1 999). These tests are what we will base our
questionnaire questions on to measure prior knowledge. Specifically, we will use
multiple choice tests, as it has been used in related research, which we have discussed
earlier. Beier and Ackerman used a quest ionnaire, where the users was asked multiple
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choice questions to measure different values, such as demographics, cognitive abilities
and prior knowledge. This was done by setting up questions for the participant to rate
their level of agreement on a 6 -point scale, where 1 was strongly disagree and 6 was
strongly agree (Beier and Ackerman 2005). Crabb and Hanson did their measurement
of prior knowledge in a similar fashion. They used a 5 -point scale for measuring the
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participants confidence in using the Internet, which also ranged from strongly disagree
to strongly agree, and a 6-point scale to measure their Internet usage, which ranged
from never to everyday (Crabb and Hanson 2014). These methods and ranges from the
inspiration for our structuring of questions in the questionnaire. We do, however,
intend to include a few questions, where we ask the use rs to assess themselves. This is
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necessary, as we wish to know how much the participants have used computers in
their work and studies. This is hard to do if they have six different amounts to choose
from, as it most likely have changed during the elderly participants’ careers. Instead
we ask them how much they themselves feel they have used computers and then have
a critical approach to the collected data.

1750
In addition to wanting to know participants experience with computers in their careers
we also intend to investigate their regular internet usage. To measure this, we will use
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a range closely related to Crabb and Hanson’s: 1.Everyday 2.Several times a week
3.Several times a month 4.Every few months 5.Less often 6.Never (Crabb and Hanson
1755

2014). The labels can be changed to fit different types of questions, that are not
related to time, as the ones above. This allows us to calculate a median of the
participants Internet usage, which can be used to give an indication of their level of
prior knowledge, on scale from one to six. What constitutes a high or low level of prior
knowledge will be based on the median of all participants. With that value, it is
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possible to place each participant as either above , at or below the median.

In order for us to get all this information on participants’ prior knowledge we propose
to ask the following questions.
The first grouping is related to their usage of different functions on the internet .
1765

Participants choices will range between rarer than twice a month and more often than
4 times a week. The participant will be asked how often they do any of the following
online activities;

1770

1775



Use online banking



Contact the commune/state



Use a search engine



Read news



Watch films, series or documentary



Digital post



Social media



Email



E-shopping



Take part in online discussions

The next grouping is related to participants daily and weekly usage of the internet in
1780

general.


Internet usage – Times a day; ranging between rarer than 1 -2 times a day to
more often than 8-10 times a day
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Internet usage – Hours a week; ranging between less than 3 -9 hours to more
than 30-39 hours

1785

The following grouping is related to participants ’ experience with computers in either
previous jobs or studies. They will be asked to grade the following questions on a scale
of 1-6, in which 1 is a little and 6 is a lot.

1790



Use computers in previous jobs



Use computers in studies

This is to understand how much the participants have used computers and get an
estimation of how they perceive their own prior knowledge.

Finally, we intend to investigate participants experience with borger.dk. We include
these questions for several reasons; if certain participants are vastly different to the
1795

rest it could be because they have either used the site many times before or not at all.
Having this information allows us to get an understanding of the users’ prior
knowledge of the specific site. however, we do not intend to ask users specifically
about the site borger.dk; instead we will ask them if they have ev er done any of the
following;
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Used the internet to change their home address



Used the internet to renew their passport



Used the internet to renew or change their driving license



Used the internet to order a new medical card



Used the internet to choose a ne w doctor



Used the internet to apply for public financial support

We ask these questions to investigate if people have used borger.dk before without
asking them specifically. We do this because we want to make sure that participants
do not remember incorrectly. All of the questions we ask are purposefully related to
actions citizens must do on websites that represents the Danish state. In addition, we
1810

also intend to ask participants if they have visited the following sites;


Borger.dk



SU.dk
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Sundhed.dk



Skat.dk



E-boks.dk

2016

We ask all of these questions to investigate how much experience users have with
borger.dk and other public Danish sites. We can use this data to explain possible
anomalies and to provide more detail to our participants as a whole.

1820

3.1.5 | Ethics
Ethics are an important part of doing data collection as it is the collectors
responsibility to act in an ethical manner. Geoffrey Mills wrote that in action research
there are ethical guidelines data collectors can follow (Mills 2010). Informed consent
is important to make sure that participants understand what they are getting involved
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with and to reduce the likelihood that they will be exploited by the researcher.
Freedom from harm is the act of making sure that participants will not harmed in any
way, be it physically or mentally. It also includes handling their individual data with
care so it will not be exposed to others who could abuse it. Mills argues that
anonymity is a good method of making sure that the data has no personal ti es to avoid
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problems like the one mentioned above (Mills 2010). If said anonymity is not an option
due to the projects nature, confidentiality is a method of ensuring that participants
can still be protected from unwanted attention or ridicule. If the researcher promises
that personal information and test results from participants will only be seen by said
researcher an amount of trust is required from both parties (Mills 2010).

1835
In order to maintain an ethical standard for this project we have decided to create a
written Statement of Consent that all participants must sign if they want to
participate. This document informs the would be participants of our intentions with
the test and the results, so we can ensure that they understand who we are, where we
1840

come from and why we are doing the tests. Furthermore, we explain these details to
them before the test in our face to face introductions.
In the statement, it als o says what the equipment we use to conduct the test and how
it is not harmful for the participant. We also explain to the participants face to face
that the infrared lights on the equipment is not harmful , to prevent participants from
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becoming nervous. We do this face to face so we can show it directly on the
equipment while the participant is sitting in front of it.
The Statement of Consent informs participants what their role in the test is; that they
are anonymous and the data we collect will be assigne d a number rather than their
name. We do not require any personal information about participants other than

1850

gender and age. The statement also says how participants’ data will be handled, that
we will categorize them in two groups. We explain this again in the test introduction
face to face as well.

Almost everything that our participants read in the statement of consent is repeated
1855

by us in the face to face introduction before each test. We do this to ensure that
participants have understood all of these things, in case the wording in the document
was not clear enough or they simply did not remember some of them. When we repeat
it we minimize the risk of having participants who do not understand what our
intentions and purpose are and what the test is.
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3.2 | Data Analysis
Having collected the data, we need ways to analyze it. To do so we use a wide
selection of measures, based on the eye tracking data and the data collected in our
questionnaires. In the following we will describe what these measures are and how we
1865

intend to use them.

3.2.1 | Eye tracking
We have briefly discussed some eye tracking measurements, which can be used to
locate usability problems and make conclusions on what the users’ experience during
1870

their search for information. This was done in chapter 2.2 | Eye tracking on page 30. In
the following we will describe which measures we intend to use, to answer our
problem statement and research questions.

The data collected by The Eye Tribe and OGAMA, can be displayed in OGAMA in a
1875

variety of ways. We intend to use most of these.
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Attention maps will be used to show what areas of the website the different groups
focus the most on. It can show if either of the groups focus most on one area or scans
the different parts of the website.
The fixations can indicate which areas of the website draws the most attention. As
1880

fixations are used to develop the attention maps, they will be used with attention
maps to analyze what the groups looks at.
Scan paths show us what the participants looks at and in what ord er. This will help us
in finding tendencies in the different groups and comparing to see if any differences
exists. We will specifically use the Levenshtein algorithm in OGAMA, to compare the
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similarities between the different groups.
Our AOI’s shows how much time the participants spend looking at specific parts of the
website and their transition between each AOI. This measurement is a supplement to
the attention map, but a tailored supplement, as it is made to fit our needs. The
transition values between AOI’s supplements the scan paths, as it shows us the routes
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the participants eyes take to locate information. AOI’s are created by us manually,
prior to the testing taking place. This is described in more detail in 3.1.2.4 | Tasks on
page 40, where we discuss which areas have been marked.
We are also going to look at the time-to-complete for each task and the three tasks
combined. This shows us if one group is faster than the other and can give indications

1895

to whether one group is faster at learning to use the website, by comparing the
differences between each group for eac h task and see whether the differences
increase or decrease for each task.
A few measurements that is not included in OGAMA, but can be done manually by us
will also be used in the analysis. We look at and compare the click paths of the users,
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to see if there are any differences in how the participants click through the website.
To build on click paths we are also going to look at a combination of errors and clicks to-complete. Errors can indicate if one group experience more difficulties navigating
and understanding the website. However, it can also mean that the participant just
clicks on the first link that seem related to the subject and uses a trial and error
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method of finding information.
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All of these will be used to measure, if any, tendencies for ea ch demographic group
and level of prior knowledge. It will furthermore be used to compare the two age
groups.
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Measurements will be collected on all the tasks completed by the participants. Every
tasks ensures that the participants will visit different ar eas of Interest on the site. The
tasks have been created with the goal in mind that participants can use different
methods of reaching their goal through the main navigation, shortcuts etc. With these
things in place, the results will show where participan ts look at the site.
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To analyze and interpret the data collected and presented in OGAMA, we will use the
lists provided by Ehmke and Wilson in their 2007 paper ‘Identifying Web Usability
Problems from Eye-Tracking Data’ (Ehmke and Wilson 2007), who have paired usability
problems to certain eye tracking measures. This will he lp us reduce the amount of
times, where we have to guess at why certain tendencies appear, as described in 2.2 |
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Eye tracking on page 30.

All of these measurements will be analyzed alongside the information collected
through our questionnaire described in the next chapter.
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3.2.2 | Questionnaire
To provide information we can use to divide the participants into groups, we use our
questionnaire.
The demographic information can be used to divide the participants into groups based
on their age, sex and educational background. The rest of the questionnaire focus ses

1930

on their prior knowledge. The prior knowledge will be measured by finding the median
of the values from one to six, the participants use to describe their use of the Internet,
to find what the level of prior knowledge is for the participants. This is done to
compare different groups of participants, with differentiating levels of prior
knowledge to each other, but also to see the differences within each group. The lev el

1935

of prior knowledge might be why differences between groups exists, so it is important
to be able to compare this as well.
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In the following and final chapter of the methodology we account for our reflections in
doing the tests and using the method.

1940

3.3 | Method Reflection
In the following we provide our reflections on our chosen methods. We will describe
how it worked as intended and what we could have done differently or better, when
looking at it with the clarity of hindsight.

1945

3.3.1 | Pilot tests
Our pilot test showed us a few issues with our questionnaire and eye tracking test,
which we have used to make changes to both.
In the questionnaire we found that we had made an error, which confused the
participants, as it asked them to circle the correct ans wer, but the reply method was

1950

intended to put a cross in checkboxes. We made changes to improve the clarity in
multiple choice questions, where it could be difficult to see if they put their cross in
the correct row. This was done by adding lines between e ach question that went on
through to the end of the multiple choices.

1955

In regards to eye tracking, w e found numerous issues with the equipment setup. We
had thought of positioning the eye tracker, so it was j ust above the screen. However,
this was impossible, as it is designed to be positioned below the screen. This
presented a new problem because, as we are using laptops, the eye tracking hardware
had to be positioned on the keyboard. This resulted in us having to place a piece of

1960

cardboard on the keyboard to stop the legs of the hardware from pressing the buttons.
It was also obscuring some of the screen. We solved this by positioning the box the
eye tracking software came in, underneath the computer which raised the screen and
allowed the participants to see the screen properly.
The lighting proved to be a problem in one of the pilot tests, as the sun was setting, it

1965

shone in on the participant and made the tracking problematic. We solved this by
ensuring that no direct sunlight was present.
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We had apprehensions regarding the use of glasses, as we were worried that they
could affect the eye tracking hardware’s a bility to track the participant s’ eyes, but we
found that the one person using glasses, was calibrated and tracked perfectly.
1970
We were confirmed in our belief that our task descriptions were clear and
understandable. We found that it was incredibly important to clearly describe the
limitations in the software, as the test partici pants representing the elderly group , was
confused by the inability to use the mouse wheel to scroll. We solved this problem by
1975

taking a little more time to explain and show this limitation.

Having concluded the pilot tests we can move on to the actual tests that make up the
study. Before presenting the data and analyzing it, we will discuss strengths and
weaknesses of our test method, to comply with the recommendation presented in
1980

3.1.3.3 | Pilot test on page 57.

3.3.2 | Test reflection
Having conducted our tests, we have had an opportunity to evaluate on our
experiences and what went well, but also on issues with the testing. In the following
1985

we will describe what we experienced during our tests, how the actual tests compared
to the pilot tests and what could have been done differently.
Our pilot tests provided us with a lot of valuable information. From the error with the
instructions for one question, to the clarity of the multiple choice questions, we were
able to make improvements to our data collection.

1990
We found it difficult to recruit participants, even from sources we would have thought
to be interested in helping us. We contacted the local branch of Ældresagen, where
the phone tender asked us to send an email explaining, what we were asking for and
what we were doing. We were told that we would get an answer three weeks later,
1995

when they have had a meeting and discussed. Unfortunately, we never got a reply. In
the meantime, we contacted more Ældresagen branches, but none was interested in
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helping us. Instead we turned to Aalborg Centralbibliotek. We got a reply were we
were told we could not just recruit participants from the library, but we were welcome
at their cafés on Tuesdays, Wednesdays and Thursdays w here they help citizens with
2000

computers, tablets and so on. Attending three of these resulted in 5 subjects tested.
The rest we got from personal relationships, were we particularly had to use our
parents, their network and other family. This resulted in us having to recruit
participants from large parts of Denmark and travel to get them done. We experienced
that being two students without resources or professional connections made it hard to

2005

get anywhere. In the end we tested 26 elderly participants and five young.
Additionally, we experienced some elderly participants being hesitant, when asked to
participate. A close friend to one of our parents simply did not want to participate and
seemed genuinely afraid. We of course had to respect this, but also found that a lot of
the fear, in lack of a better wor d, could be mitigated by our thorough explanation of

2010

the test, our intention with it and the equipment. It was especially effective explain
that we did not test them personally and that we did not test their ability to solve the
tasks. We found that our manuscript was well designed and helped us explain the
relevant information to the participants.
Recruiting the young participants were easier, as we were allowed to come set up our

2015

equipment at local high schools. Unfortunately, we could only set up at spot s, were
there would be a lot of distractions, which could influence the results. We were also
only allowed to recruit the students during breaks, which meant we could only do a
couple a day at a school. We did not go this route, instead we used students at the
university which we found through a personal connection.

2020

We believe it could have been easier recruiting participants, if we had started
recruiting earlier and had the resources to compensate them for their time and
professional connections to make us of. We are, however, happy with the number of
participants in the study and how diverse they are. In chapter 3.1.2.3 | Recruiting
participants we had a table showing how many participants we would have like to

2025

include in the test, in the table below is an account of how many we actually got.
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Desired number of participants

Participant type
Old

26

Young

(5)
Total number of participants

31

Prior knowledge
Low

13(1)

Medium

12(1)

High

1(3)

Internet usage
Low

7(0)

Medium

12(0)

High

7(5)

Gender
Male

17(2)

Female

9(3)

Table 2 – Recruited participants

Our questionnaire proved to be well designed, as we did not experience problems with
2030

it, after we made the changes based on the pilot tests. The only issues were with the
final question, as it is in relation to the use of computers during th e participants’
studies. Some elderly was unsure, what they should do with that one, a s computers
were not around, when they were students.
In line with the theory described in 3.1.4 | Questionnaire on page 58, some

2035

participants had difficulties evaluating themselves and spend a fair amount of time
trying to figure out where on the spectrum, they should position themselves. One
participant seemed like she was attempting to answer the questions in the way she
thought was the correct way, meaning in a manner that were like everyone else. This
seems like a direct consequence of the questions themselves as they all deal with how

2040

often you would check your digital mail and the like. This can be seen as an important
action that responsible people would do often. We got the impression that she wanted
to appear responsible and “correct” which can have influenced her answers.
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Despite the limitations of having the participants evaluating themselves, the
questionnaires were quickly filled out and we got a lot of information, usable for
2045

analyzing the data collected by eye tracking.

The tasks were easy to understand for the majority of the participants and none g ot
completely lost. A few forgot what they were supposed to do, because they clicked
through the instruction slide too fast. We had a couple who were not sure when they
2050

were done with the tasks, even though we explained that a slide would be displayed,
saying the task were completed, when they had finished the task.
Many of the participants used the same click paths which might reflect how some
paths were easier or more obvious than others. We investigated the routes they took
to see if participants would s pend time examining options in depth or choose the first

2055

option that looked promising.

The equipment we used proved to have both positive and negative aspects. The first
problem was found during the first pilot test and has to do with the placement of the
eye tracker. We found that it had to be positioned underneath the screen, which
2060

proved that a laptop is not optimal tool to use with the eye tracker from The Eye
Tribe. It had to be positioned on the keyboard, which meant it would press the buttons
and block parts of the screen. We found a method of setting it up, so it could track the
eye movements, without blocking the screen. A better solution would have been to
bring a monitor, keyboard and mouse to the tests and have the participant sitting at

2065

the second screen, with the keyboard and mouse. We, as the test moderators, could
then sit next to them and start the test from the laptop. The eye tracker could be
positioned directly under the monitor, as The Eye Tribe recommends and would have
been easier to hide to make it feel less intrusive .
A positive aspect of the equipment was that it was both easy the explain the

2070

calibration process, easy to do and easy for the participants to understand.
The problem put forward by The Eye Tribe regarding saggy eyelids, did not prove to be
a big problem. Most of our participants were between 55 and 65 year s, a few older
and up to 88 years old. Of these we only experienced problems caused by saggy

72

Master’s Thesis

2016

eyelids in one participant, but that also proved so problematic that we could not do
2075

the test.
We found that even though the pilot test, described in 3.1.3.3 | Pilot test on page 57
showed glasses was not a big problem, it actually pro ved to be, during our tests. Most
of our conducted tests that we cannot use, due to bad or lacking data was caused by
glasses. We found that the problematic types of glasses were not only glasses with

2080

shifting focus, but regular glasses were also causing p roblems. This was a major
problem, as most of the elderly participants were using glasses.

The mobility of The Eye Tribe eye tracker makes up for the limitations of it and we
have been able to conduct more than 30 tests, with most of them providing good a nd
2085

usable data.

Head movement also proved problematic, as some elderly participants had a tendency
to move in closer to the screen, when trying to read something or when they were
confused by the website. It is possible that this is a direct consequence o f using a 13.3
2090

inch display; a standard size laptop screen. This issue of participants moving closer to
the screen so see something better could perhaps have been resolved by using a
bigger screen. However, that would have an effect on the test in an undes irable way.
Many of our participants were avid users of laptops and iPads and are thus forced to
use small screens in their everyday life. We would argue that using a bigger screen

2095

would not give the true results because it is unlikely that participants us e one
themselves. This is backed up by data from Ældresagen which states that 72% of the
age group 65+ primarily uses laptops and that iPads are increasing in popularity (“Går
På Nettet via Computeren” 2016; Lauterbach 2015) .

2100

The software has been passable and is very good as freeware by freeware standards.
The problems we experienced were varied and, at times, very strange and unexpected.
We had two occurrences of the software crashing. One happened during a calibration
and only required us to restart the program. The second one was a bigger problem, as
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it happened during a test. Luckily it was a test w here the calibration was not very good
2105

and might not have been usable anyway even if OGAMA had not crashed.
For one test participant we experienced a very strange error. When he complet ed a
task he clicked the button to proceed to the next task, but was sent to an error slide
and from that he was sent back to the previous task. We have not been able to
reproduce this and there are no links from the slide to that error slide, so we do not

2110

understand what happened. The test participant took it lightly and continued without
any problems but the results have obviously been altered by this error, namely the
time to complete as the part icipant had to go through the previous task again. This
will, of course, be considered in our analysis.
The fact that the software uses slide s disrupts the feeling of being on a website, as

2115

you do not get any mouse-over feedback, when having the mouse movi ng over a link
and not being able to search or use the mouse wheel to scroll.
We found it to be a hindrance that we as test moderators were not able to follow the
tracking of the participant’s eyes in real time, as we could not ensure that the
participants eyes were tracked. This could have improved the data collection, if we

2120

could tell the participants to sit still for a second or two, to allow the tracker to
reacquire the tracking of the participants’ eyes, when it had lost it. However, this
would have required a dual monitor setup which is not supported by OGAMA, but we
find it to be a significant feature that could immensely improve the software.

2125

We had several experiences, both good and bad, with our data analysis. Using OGAMA
to analyze data is generally easy and straightforward, but we have experienced a few
problems. When using the playback of each test it sometimes would not change slide
or complete the entire test session. There is also no feature to see the users time -tocomplete, which means we have to do it manually. Looking at the fixations in our

2130

experiments, we found that some was empty and it could indicate that the collected
data are at times skewed. This is a hindrance, but as long as it is taken into
consideration, the data are still usable. The fixations, scan paths and more, can still
show tendencies.
Despite these issues we found that OGAMA did what was needed and have been able

2135

to extract a lot of data from it.
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The combination of our questionnaire and eye tracking have proved to be a useful and
well-rounded solution for our data collection. The questionnaire helped us collect the
data needed to establish different groups, which were necessary to be able to
compare and analyze on our collected data. The eye tracking provided a l ot of data,
2140

which can be analyzed in a wide variety of ways and provide valuable insight into how
the groups scan for information in an information architecture. Our chosen approach
to the test conduction helped the different users complete them without ma ny
difficulties. We found that collecting data on demographics and prior knowledge to
establish different groups and then collecting data via eye tracking, was a useful and

2145

informative method of collecting data on users scanning behavior.

3.3.3 | Ethical considerations
In our test we have made some ethical decisions on the basis of our usage of
borger.dk. Using this website could create some ethical problems which we have tried
2150

to avoid. Normally when people use borger.dk they log in to their personal acco unt.
We wanted to avoid that so we made sure that all tasks in test could be completed
without ever logging in. That way, we also ensured that participants did not have to
use one of our own personal accounts which could also cause some of them to be
uncomfortable.

2155
Even though our usage of a simulation of a website was more of a technical limitation
that anything else there are also some possible ethical problems that have been
avoided. Borger.dk is a website where citizens, or would be citizens, of Denmar k go to
find important information and perform important actions . Whether users are finding
2160

information on how to change their home address or renew their passport, this is the
website to do it. Furthermore, to do any of these things they need to login wit h their
personal information.
For these reasons we would argue that borger.dk is a site associated with a degree of
seriousness. If test participants were to visit the live website borger.dk this serious

2165

attitude could have affected their behavior and migh t even made them uncomfortable,
as their relationship with the site was usually a personal one and not something to be
monitored by strangers; much in the same vain as home banking. In our test
introductions we explain participants that there are several l imitations to the site;
they cannot use the mouse wheel or use the search function. When participants are
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doing the tests they get messages when they have completed a task or when they have
selected the wrong option. You could argue that these factors help convince the
participants that they are in a simulation; a fake site. If any of our participants were
uncomfortable with using the site this assurance of the site and their actions not being
real and not having consequences might alleviate that. All of th e above goes well with

2175

the idea of laboratory tests which is described in 3.1.3.2 | Test setting on page 55
because we create a controlled test environment.

4 | Analysis
Our analysis takes its point of departure in the measures described in both 2 | Theory
2180

and 3.2 | Data Analysis. We have divided it into two parts.
1. Our results presentation and discussion, which consists of two sub -sections:


The questionnaire and the data collected through it



The eye tracking study data and how it can be analyzed using the data
from the questionnaire

2185

2. A summary of our findings and how the relate to our research questions

4.1 | Results presentation
In this section we will present data collected in this study. For each section is this
chapter, we will present the data or the elderly group first, then compare it to data for
2190

the young group. There will be several instances where the elderly group will be split
up in order to analyze on internal differences, these instances will be clearly labele d
as such. The primary focus of this chapter is to describe the elderly, as it is the group
with the largest sample size. The young participants’ results will be included to make
comparisons. The data we present is split up in two sections ; questionnaire and eye

2195

tracking studies.

4.1.1 | Questionnaire
Our questionnaire provides us with useful data on the participants, which can be used
to add more detail to our eye tracking study and explain some of the tendencies in the
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results. In the following we will describe the data collected through our question naire.
It is split in two sections: Demographics and Prior Knowledge.

4.1.1.1 | Demographics
Our questionnaire provided us with information on the age, gender and educational
2205

level of the participants. Below we will go through these three statistics.
Our elderly participants are a broad sample of different ages, as the youngest were 53
and the oldest 88 years old. The median for our participants are 63 years old with a
standard deviation of 8.74 years. Eight of our participants were between 50 and 59
years old, 15 were between 60 and 69 years old and the remaining four are older than

2210

70 years old. Three of the 70+ participants were in their eighties. For the young
participants the median are 23 years old with a standard deviation of only 1.6 years.
The age of the participants spans from 20 to 24 years old.
Age
60-69

50-59
Gender

Men
Women

4
4

70+
4
11

0
3

Table 3 - Elderly participants age and gender

Of our 26 elderly participants nine were men and 17 were women. Optimally we would
2215

have had a fifty-fifty distribution, but this was not feasible with the problems
recruiting participants. Four of each gender were between 50 a nd 59 years old, four
men and 10 women between 60 and 69 years and three participants over 70 are
women while one is a man. The age median for women are 63, just as the median for
all participants, while the men are slightly younger, with an age median of 62. The

2220

young group consists of three males bet ween 21 and 23 years old, while the two
females are the youngest and oldest of the group at 20 and 24 years old.

2225
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Education level
Municipal
primary and
secondary
school

Gender

Men
Women

2
8

Upper
Craftsmanship
Higher
secondary
school
education
school
6
5

0
1

1
3

Table 4 - Gender and educational level of the elder group

The educational level of the participants is 10 at just municipal primary and lower
secondary school (two men, eight women). 11 finished craftsmanship school (six men,
five women). Only one, a woman, at upper secondary school. Four participants have a
2230

higher education (one man, three women). The age median for each are: 62.5 at
municipal primary and lower secondary school, 63 at craftsmanship school, 83 at
upper secondary school and 59.5 with a higher education. With only one at upper
secondary school we cannot make any conclusion based on it. The median for
municipal primary and lower secondary school and craftsmanship school are close to

2235

or similar to the median for all the elderly participants. The participants with a higher
education are younger at 59.5 years old. The educational level of the young group is
flat, as all five are studying for their bachelor degrees .

4.1.1.2 | Prior Knowledge
2240

In this chapter we will refer to data which can be found in Appendix 2 with
questionnaire results. The most important parts of that data will be described in a
table down below. When it comes to the level of prior knowledge for the participants,
we calculated the median, from the scores in the questionnaire relating to prior
knowledge. The scores were from one to six, with one being the lowest and six the

2245

highest.

2250
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Elderly
group
participants

A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28

Median
Standard deviation

2016

Gender

Age

Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Male
Female
Male
Male
Female
Male
Female
Female
Male
Male
Female
Female
Male
Male
Female

64
64
62
68
57
64
63
88
55
59
65
67
53
55
55
61
68
83
83
57
62
58
60
73
65
63
63
8.89

Prior knowledge
median
4
3
4
3.5
1
3
2
2
3
1
6
2
2
4
2
3.5
1
3.5
2.5
2
1
3
2
3
4
1
2.75
1.23

Table 5 - Elderly participants’ prior knowledge

The participants have a median prior knowledge score of 2.75 and a standard deviation
of 1.23. This show us that the participants have a fa irly high prior knowledge,
2255

considering they should have a low one, if the noti on of native and immigrants is to be
believed. The standard deviation is fairly low as well, indicating a homogenous group.
Comparing the six oldest and six youngest participants, we find that the oldest have a
median prior knowledge score of 2.75. The exact same as for the entire group. The
youngest six have a score of two, considerably less than the oldest, which goes against

2260

the notion of immigrants and natives. When dividing them into age groups, the
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numbers are: 50-59 = 2, 60-69 = 3 and 70+ = 2.75. These numbers show us that the
difference between the three age groups are limited, but the youngest are the lowest,
with a score lower than the median for the entire group. This might be because only
two of the nine 50 to 59 years old, have a college degree and the rest have attended
2265

craftsmanship school (five) and municipal primary and lower secondary school (two).
Looking at the self-evaluation score for use of computers in work life, we found that
the 50-59 year olds and 60-69 year olds both scored high, with a median of 5 and 6
respectively. The 70+ year olds scored three. This goes against what was just discussed
on why the difference in prior knowledge exist and we were not able find anything in

2270

our data that can explain it. It can be caused by our sample size and the participants
recruited. We might have gotten different results with a larger and more
demographically diverse group of participants.
Comparing the two genders shows that the women have a higher prior knowledge
score than the male. The scores are three and two respectively, with similar standard

2275

deviations of 1.21 and 1.20 respectively.
Of our 26 participants only five did not have any prior experience with borger.dk. The
prior knowledge for these five participants are two, considerably less than the median
for the entire group of 2.75, which shows that they are more inexperienced navigating
this type of website. The age for these participant’s ranges from 53 to 88, which

2280

includes both our youngest and oldest participant in the elderly group. Only one of the
young participants did not hav e any prior experience with borger.dk. This participant
was also the youngest, which might explain why, as she has not have had much reason
to use it up to this point.
Among the young group the prior knowledge median score is 5 with a standard

2285

deviation of 1.3. The highest score is share d by three of the five participants, while the
lowest is at two. The prior knowledge score for the young participants are almost
double that of the elderly. Scores for how much they use the Internet are sixes for all
in both daily internet usage and time spent each week online. The elderly has prior
knowledge median scores of three and two respectively, which is far less than the

2290

young participants. The lowest scorer among the young participants said that she did
not use the Internet for activities, such as what borger.dk facilitates, but are
constantly active on social media and browsing the Internet. This show that the prior
knowledge measurement in our study is more focused on domain expertise, but it
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does, however, include technical expertise, as we measure the participants use of
2295

computers in general. The young participants have a prior knowledge median score of
one for work use of a computer, with a standard deviation of 2.49. This shows that
there is a big difference in the five participants, where three have marked the score as
one, one marked it as five and one as six. The lack of experience, compared to the
elderly with a score of five with a large standard deviation of 2.07, is offset by their

2300

experience and prior knowledge gained from their studies, where they have scored six
all of them.

4.1.2 | Eye Tracking Study
In the following we present our findings in our eye tracking study and use the data
2305

described in the previous two chapters on demographics and prior knowledge to
compare the different groups. The analysis will be conducted by including the
measures mentioned in 2.2 | Eye tracking.
Analyzing our eye tracking data have shown us some issues with the data. When
choosing some participants, it is clear that their data is skewed. By this we mean that

2310

we have good data, but it is slightly offset from where the participant wa s actually
looking. See Picture 8
for an example, where
it is clear that the
participant, was

2315

looking at the
shortcuts, but the data
shows the participant
was looking a little
below it. This affects

2320

the results, so we will

Picture 8 - Skewed data

attempt to clean the data and exclude the participants that provided no data on
certain slides, as they might have taken another click path or their eyes were si mply
not tracked. Participants with less than four recorded fixations are excluded from the
scan path analysis as well, to ensure the scan paths have lengths long enough for a
2325

proper comparison. If the data from a participant is clearly skewed on a slide, we will
exclude that as well, as the skewed data might indicate that the participant was
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looking at an AOI he/she was not and fixations wro ngly placed might influence the
data negatively.

2330

4.1.2.1 | Click paths
In this section we will present our results of which click paths our participants had
taken through the tasks. Firstly, we will present each available path to complete a
given task. Then we will present the amount of users who went through each path. In
this section click paths will be referred to as CPs. Furthermore, we will account for our

2335

participants clicks to complete.

In Table 6 below is the result of our elderly participants’ uses of click paths. In the
following these will be elaborated on in detail.

Click
paths

A
B
C
D

Task 1

Task 2

Occurences
26
0
0

0
1
0
25

E

12
1
0
1
12
0

F
A
B
C
D
E
F

Task 3

Percentage
100,00%
0,00%
0,00%
3,85%
0,00%
0,00%
96,15%

46,15%
3,85%
0,00%
3,85%
46,15%
0,00%

Table 6 - Click Paths – Elderly participants

2340

Task 1 – Cykeltyveri
In this task users were asked to find information of how to report a bicycle theft.
There were three paths to the final destination.
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Click path A - This is the fastest way of completing the task alongside CP B. The
2345

participants select a sub header called “Cykeltyveri og anden kriminalitet”, which is
the exact thing they are looking for information about; “cykeltyveri” or bicycle theft.
Selecting that option brings them to a landing page where they have the option of
reporting the theft by clicking a big green button called “START”. The following page
will have a box that is identical but this time it will read “VIDERE”, in English in would

2350

similar to a button labelled Next . This is the final act for this click path. The clicks to
complete amount to three.
Out of 26 participants, 26 chose this click path. The reason for this we will discuss
after presenting the other CPs.

2355

Click path B - Alongside A this is the fastest way om completing the task. While A
would have participants click the sub header of a menu, this click path regards the
main header of that menu; “Politi, retsvæsen of forsvar” which means police, legal
system and defense. In the following page participants would have to find the right
option in a list of shortcuts. The right option reads “Anmeld cykeltyveri til politiet”;

2360

Report bicycle theft to the police. The last page is identical to the last page in click
path A. As with CP A the clicks to complete amounts to three.
Out of 26 participants, nobody used this path.

Click path C - This is the longest and most complicated way to get to the desired
2365

information. It follows the first step in CP B; selecting the header. Ho wever, for users
to take this path they would have to ignore the shortcuts on the bottom of the page
and use the local navigation to select: “Cykeltyveri og anden kriminalitet” which is the
exact same page that the sub header from CP A directly linked to. The rest of the path
is identical to click path A. Consequently, this click path requires four clicks to

2370

complete.
Out of 26 participants, nobody used this CP.
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Seeing as there is such a clear tendency in these results we will discuss briefly what
this could mean. The nature of the task requires users
to find the appropriate box with the header and the
2375

three sub headers. From that we can argue that users
must have seen both of the two entry points, since they
are located directly above and below one another. See

Picture 9 - Clean menu

Picture 9 to see the positions. Looking at fixations for our participants, we can see
that they indeed did look at both the main header and
2380

the sub headers. This is shown in Picture 10. This ties in
well with the wording found on the instruction slide to
this task. The instruction tells the participants
specifically to find information on how to report a

Picture 10 - Menu fixations

bicycle theft; “cykeltyveri”. The sub header that 100% of participants selected was
2385

named “cykeltyveri og anden kriminalitet”. From this data you could argue that
participants read both options and chose the one most clos ely related to the
instruction. For this task the average clicks to complete amongst p articipants was
three, naturally, because every participant used the same click path.

2390

Task 2 – Statsborgerskab
In this task users were required to find information on how to apply for Danish
citizenship. There were four paths leading to completion. Mu ch like in Task 1 the CPs
have two entry points in the form of a header and sub header.

2395

Click path A - This CP starts with users selecting the header “Udlændinge i Danmark.
On the following page they will select an option from the local navigation to make it
drop down, then select an option from the now expanded menu. This leads to a page
very similar to the one found in Task 1 with the green start button and the progress
button after that. This amounts to four clicks in total.

2400

This is the joint longest click path in this task and none of our participants went this
route.
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Click path B - This path also begins with selecting the header. However, on the
following page participants can click on a big picture that says “Dansk
2405

statsborgerskab” or Danish citizenship. Then much in the vain of CP A, participants
must select the green buttons. This CP requires four clicks to complete.
Two participants of 26 went this route.

Click path C - Like the previous two this CP begins with users selecting the header.
2410

However, this time user select a shortcut found in a list of shortcuts which will end the
task. This is by far the shortest click path in Task 2 as it only requires two clicks to
complete.
None of our participants used this CP.

2415

Click path D - Unlike previous paths this one has a different entry point; a sub header
just like in Task 1. This sub header functions exactly like it did in that task too where it
is found below the header and it reads: “Ansøgning om dansk statsborgerskab”;
applying for Danish citizenship. Selecting this lead the participant to a page with a
green box which read start and then another green box which read progress. Very

2420

similar to CP A in Task 1. Conversely, all participants used that CP in Task 1 and in this
task 25 out of 26 used CP D. The clicks to complete for CP D amounts to three.

Given the similarities between the first two tasks there are a few things we can
discuss. There is a possibility that what was discussed in
2425

Task 1 applies here in the same way; that users read
both the header and the underlying options to then
identify the specific word they were looking for. Picture
11 supports this notion, as it is clear from the fixations
that the participants read both the header and the sub

2430

Picture 11 - Menu Fixations

header. Picture 12 shows the header and sub headers without the fixations. However,
there is also the possibility of them having success in the previous task, had an effect
on this one. We know from the click path results in Task 1 that every participant used
the same method previously so there is a high possibility that some were affected ,
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which can have caused them to use the same method again.
2435

Additionally, having these two tasks solved in such a similar
fashion might be an indication of the participants search
behavior being very similar. We will investigate our
participants search behavior later in the analys is, in section

PIcture 12 - Clean menu

4.1.2.5 | Scan paths.
2440
Task 3 – Folkepension
In this final task participants were asked to find information on how they could apply
for state pension. This task was designed with the aim of having more click paths then
previous tasks and thus have six CPs. Due to having so many and how similar they are,
2445

they will be presented in groups .

Click path A & B - Both of these CPs have their first click at a shortcut presented on
the first slide. This is different to both previous tasks as they have required
participants to go the another slide to find the first click target. This shortcut leads to
2450

a page which has a list of popular choices. The first one listed is a click target which
concludes CP A with two clicks. If participants instead are inclined to use the local
navigation they will be presented with a page very similar to them at this point, a
green button on the right that reads “START” which is t he click target; this is CP B and
requires three clicks. Out of 26 participants, 12 used CP A and 1 participant used CP B.

2455
Click path C & D - These click paths starts at a header much like in previous tasks; the
header called “Pension og efterløn” meaning pension and early retirement benefits.
Clicking here will lead to a page closely related to the one in CP A & B but they are not
the same. On this page there is a list of popular choices, the first listed option is a
2460

click target and this is CP C which brings the total clicks to complete to two. The two
click paths diverse if users instead make us of the local navigation and selects the
option “Folkepension og tillæg” which is the same page th e shortcut from previous CPs
lead to. Technically this means that the CPs overla p and there would be more than six
click paths. However, seeing as only one person used one of these options we will not
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go into detail with all available solutions. The one participant who used either of these
CPs used D which required four clicks.

Click path E & F - Both these click paths starts with a sub header found beneath the
header in C and D. This sub header reads “Folkepension”. This link is identical to th e
2470

shortcut found on path A and B and leads to the same page. Therefore, the rest of the
paths E and F are identical to A and B respectively which also means that they share
the same amount of clicks to complete . Out of 26 participants 12 used path E and
nobody used path F.

2475

To comment, the same tendency as discussed in Task 1; where users would select the
option with related word, seems to prevalent here as well and this indicates the
participants employed lexical matching . 12 participants made use of the s hortcut
which said the related word; folkepension. 12 participants, when given the choice of
the header or sub header, selected the sub header with the obvious word attached.

2480

When comparing these two groups of 12, we found that the participants that chose CP
A had a prior knowledge median score of 2.0 which is lower than the median for al l
participants of 2.5. The participants that took CP E has a score of 3.0 which is above
the general median. It is difficult to make any conclusions based on this, but it m ight
be that the CP E group’s high prior knowledge helped them learn to use borger.dk and

2485

thus knew where to go, to find the correct link. Of the 12 participants who took CP A
three had no prior experience with borger.dk, while it is only one of 12 in CP E . This
might be a reason, as the less experienced Internet users and borger.dk users did not
know how the navigation work on borger.dk . When looking at the two groups age, we
found that the CP E group had an age median of 64.5, while the CP A group had one of

2490

60. The difference is not big and is within the standard deviation for the age median
for all participants and it does not seem that age was a factor.
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To sum up our 26 elderly participants use of click paths, in Task 1 and 2 the
differences were almost nonexistent as everyone did the same in Task 1 and 25 did the
2495

same in Task 2. However, in Task 3 we experienced much more diversity in the click
paths as shown in Table 7 where the distribution
of all CPs can be seen. The CPs for Task 1 and 2

Click
paths

clearly shows that the elderly participants
follow the same paths, which are the fastest as
2500

well with three clicks in both. Task 3 divided the
elderly into two groups where the difference
was whether they had found the shortcut or n ot.
Interestingly, the group that used the shortcuts

A
B
C
D

knowledge score and the most participants with
no prior experience with borger.dk . Age did not
seem to be a factor, even though a small
difference in age median of 4.5 years existed.
Noticeably, both of the popular click paths in

2510

Task 3 were also the shortest with two clicks in

Task 2

Occurences
26
0
0

Task 3

0
1
0
25

12
1
0
1

E

12
0

F

where also the group that had the lowest prior
2505

Task 1

A
B
C
D
E
F

Percentage
100,00%
0,00%
0,00%
3,85%
0,00%
0,00%
96,15%

46,15%
3,85%
0,00%
3,85%
46,15%
0,00%

Table 7 - Click paths for the elderly

each.

The results collected on click paths show that our participants were homogenous in
Task 1 and 2 which are quite similar in their structure. However, the separation
2515

between users in Task 3 was evenly divided between two paths. Interestingly, as
explained earlier these CPs are extremely similar after the initial click and even have
the same amounts of clicks required to complete. In summary, most of our participants
have used the same amount of clicks for their task completion even though in some
cases they did not follow the same paths.

2520

If we compare this data to the young group, we find simi lar results as four out of five
used the same paths for Task 1 and 2 as the elders did. One participants used a
different CP for Task 1 making them the only one out of 31 participants. In regards to
Task 3, the young group are very similar as well as parti cipants are divided into two
paths; coincidentally th e same paths used by the elders.
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These results on click paths and clicks to
complete does not correspond with established

Option

literature on the subject that states that elderly
use more clicks to complete tasks than young
people (Kurniawan, Zaphiris, and Ellis 2002;
2530

Mead et al. 1997). This literature was described
in section 2.1.1.4 | Search behavior in elderly
users.
Given these results on both the elderly and the
young group, one could suspect that this would

2535

mean that they have all spend the same amount
of time completing the tasks. In the following
section we will investigate our participants’
completion times.

2540

2545

89

A
B
C
D

Task 1

Task 2

Task 3

Occurrences
4
0
1
1
0
0
4

2
0
0
0

E

2
1

F
A
B
C
D
E
F

Percentage
80.00%
0.00%
20.00% 20.00%
0.00%
0.00%
80.00%

40.00%
0.00%
0.00%
0.00%
40.00%
20.00%

Table 8 – Click paths for the young
participants
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4.1.2.2 | Time to complete
In this section we will present the data we have collected on participants’ completion
time for the tasks in our test. These results will be condensed numbers as the time
taken to read instructions and going to the next task has been left out.

Test participant

A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
Average
Standard
deviation

Task 3

Total
time
spent

Task 1

Task 2

0:01:03
0:00:52
0:01:22
0:00:53
0:00:36
0:01:36
0:00:49
0:02:14
0:01:09
0:01:13
0:01:09
0:01:52
0:00:24
0:00:33
0:00:17
0:00:12
0:03:33
0:02:15
0:01:54
0:00:49
0:01:24
0:00:43
0:02:08
0:00:42
0:00:31
0:01:00
0:01:12

Time spent
0:00:31 0:00:16
0:00:24 0:00:50
0:00:35 0:00:28
0:00:23 0:00:07
0:00:30 0:00:44
0:00:30 0:00:51
0:00:16 0:00:06
0:01:17 0:01:24
0:00:36 0:00:52
0:00:50 0:00:14
0:00:38 0:00:18
0:01:10 0:00:19
0:00:22 0:00:08
0:00:32 0:00:06
0:00:13 0:00:11
0:00:12 0:00:45
0:05:02 0:01:00
0:00:45 0:01:05
0:00:24 0:00:25
0:00:25 0:00:18
0:00:43 0:00:35
0:00:24 0:00:06
0:01:02 0:00:37
0:00:38 0:00:15
0:00:38 0:00:08
0:00:51 0:00:24
0:00:46 0:00:29

0:01:50
0:02:06
0:02:25
0:01:23
0:01:50
0:02:57
0:01:11
0:04:55
0:02:37
0:02:17
0:02:05
0:03:21
0:00:54
0:01:11
0:00:41
0:01:09
0:09:35
0:04:05
0:02:43
0:01:32
0:02:42
0:01:13
0:03:47
0:01:35
0:01:17
0:02:15
0:02:27

0:00:46

0:00:55

0:01:47

0:00:22

Table 9 – Elderly time to complete

2555

This table presents the completion times for our participants. The total time spent
column, however, is not indicative of how long time the full test took to conduct.
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Instruction slides and end slides have been excluded from these to only illustrate the
times that participants were actively completing tasks; not reading instructions.

2560

Our results show that our elderly participants are different from each other. While our
fastest participant finished the tasks in 41 seconds, the slowest spend 9 minutes and
35 seconds. This slow time is a big deviation from the rest, as the second slowest used
4 minutes and 55 seconds. In order to explain the variations, we will group the
participants time in minutes.

2565
Our two largest groups have spent between two and four
minutes completing the tasks. These two groups
combined make up 19 of 26 participants. Contrasted to
the fastest and slowest it is closer to the fastest
2570

participant’s time but the amount of people faster t han
these two groups amount to two while the amount that

Time
1-59 sec
1:00-1:59 min
2:00-2:59 min
3:00-3:59 min
4:00-4:59 min
5:00-9:59 min

Participants
2
10
9
2
2
1

Table 10 - Time groupings

were slower amounts to five. It shows that the deviation
from the two large groups are frequently slower. When accounting for gender as a
demographic factor in completion times, results show us that male participants were
2575

slower than female with an average time spent on all tasks of 2:41 compared to 2:19
minutes. However, one male participant proved to be very different from the others as
his total completion time was calculated to be 9:35 minutes. If we were to remove this
outlier from the rest, the male average would decrease to 1:49 minutes. Noticeably,
this would make them faster than the female group. If we were to remove the slowest

2580

of the female participants, with a total time of 4:55, the average time would decrease
to 2:09 minutes which would still be slower than the modified male average.
In our tests, the females have proven to be faster at completing the tasks . However,
we suspect that a fairly large anomaly has caused this to be the case. In the following
we will discuss individual task co mpletion times.

2585
The table in Appendix 3 represents our results on participants’ individual task
completion times as well as how the concepts of prior knowledge and age have
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affected these. In this table the amount of participants for each time interva l will be
shown, alongside the participants’ age median and prior knowledge median score.
2590

As can be seen in the table there are some clear differences in the amount of time
spent completing the tasks. Most notably, many participants take less time for each
completed task. Task 1 and 2 are very similar in their structure, the participant will
select an option from a menu, then click twice and the task is done. In theory their
completion time should be similar, however, 23 participants out of 26 spend far more

2595

time on the first task than they did their second. This could be an indication of
learning the site and the structure which can happen when testing without a random
order of tasks. The transition from Task 2 to 3 is somewhat similar as 21 participants
were faster as well. This supports the notion of participants gaining domain expertise
and learning the structure of the website, as described in chapter 2.1.1.3 | Prior

2600

Knowledge. However, one must note that the third task has a “shortcut” involved
which is located on the first slide in contrast to the first two tasks which had their
options on the second slide. This could indicate several things. That some participants
had observed these shortcuts a third time despite not having success in doing so the
first two times or it could mean that participants had remembered this option.

2605
It can be noted that the fastest time was 12 seconds while the slowest was 3 minutes
and 33 seconds for Task 1. This is a significant difference between two users. The
reason for highlighting these figures is because it is the first task that participants has
a chance to scan the site for the information they need. Compared to the following
2610

tasks, this is a part of the test that can give an indication of how fast or slow
participants would find the desired information , on a site they might or might not have
experience using. In this task there is also a minimal risk of having participants
learning the site as there would be in Task 3.
In regards to the notion of prior knowledge and age having an effect on participants’

2615

completion times the effect seems to be very miniscule. The prior knowledge median
scores for the elderly participants were evenly di stributed amongst the first three
completion time groups in the table in Appendix 3 ranging from two to three. Only in
the slowest time were the median lower at one. Even though the difference between a
median score of one and three is significant when six is the maximum, there are not

2620

enough instances of it happening for it to be named a tendency. From these results it
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would seem that prior knowledge did not affect our elderly participants’ competition
times in a significant way. When examining the age differences of our elderly
participants we see a small pattern. In the fastest time groups, the age median scores
are generally lower than in the slower time groups. This is indicative of age affecting
2625

our participants’ ability to solve tasks faster.

In the previous section we investigated click paths and how our participants went
through our tasks. As described in that section, a vast majority of participants used
the same, fast click paths. This corresponds well with the similar completion times
2630

found in this section. However, there are cases of participants with the same click
paths with vastly different completion times. The most extreme case is two
participants with the times 1:11 and 9:35. Both of these participants were required to
make eight clicks to complete their tasks but had severely different completion times .
In section 2.1.1.4 | Search behavior in elderly users on page 18 we described the

2635

concept of verification strategies; the idea of users revisiting previously seen menus to
verify that they had reviewed all options before selecting one. To investigate this
concept, we isolated our participants who had used the most frequent and fastest click
completions. 24 out of 26 participants used a click path with eight clicks. T he time to
complete median score for these participants was 1:58. Of the 24 participants, only 17

2640

had valid data that we could analyze upon. Of the 17 remaining 12 was found to be
faster than the median and five were found to be slower. Of the 12 faster participants,
two were found to have used a verification strategy while three out of five had done
so in the slower group. The difference between having two participants in one group
and three in the other is miniscule, however , with large amount of data being

2645

unusable, there is no way of knowing what that data would have shown . Additionally,
it is interesting that the invalid data for this particular investigation was all from t he
slower group. One could speculate that poor eyesight could have affected users’
completion time negatively since it was the eye tracking data that proved invalid. To
summarize on clicks to complete having an effect on completion time, it would seem

2650

that it makes a very small difference . From the limited data we have we can conclude
that five of 24 used verification strategies. Since two were from the fast group and
three from the slow group this could indicate that it did not make a difference.
However, all of the missing data was from the slow group so if there were to be more ,
they would all be in that slow group.
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2655
When comparing all these results to the young group there are both similarities and
differences.

By going over the data of all three
2660

tasks at once it becomes obvious

Test
participant

Task 2

0:01:18

that there two major deviating
participants; B2 and B5 . Since both

B1

0:00:41

Time spent
0:00:28 0:00:09

of these participants are also the

B2
B3

0:00:39
0:00:18

0:00:22
0:00:18

0:02:10
0:00:05

0:03:11
0:00:41

B4
B5

0:00:25
0:00:31

0:00:18
0:01:44

0:00:07
0:00:07

0:00:50
0:02:22

Average

0:00:31

0:00:38

0:00:32

0:01:40

only ones for the young group with
2665

Task 3

Total
time
spent

Task 1

any errors in their tasks, they will be
discussed in the next section of the
analysis. As a whole, the results are

Table 12 - Time to complete young participants

very homogenous just like with the elderly . Noticeably, the young group has faster
results for each task they complete and the variation in completion time gets smaller
2670

and smaller for each task. As a whole the young group is faster at completing Task 1
and 2 but not 3. This corresponds well with existing research which also states that
elder users are slower than their younger counterparts (Artis and Kleiner 2006;
Kurniawan, Zaphiris, and Ellis 2002; Biterman, Lerner, and Bitterman 2007; Mead et al.
1997; Chadwick-Dias, McNulty, and Tullis 2003; Czaja et al. 2001; Etcheverry, Terrier,

2675

and Marquié 2012). This existing research was described in section 2.1.1.4 | Search
behavior in elderly users.

In summary the completion time for our tasks has showed that participants are fairly
similar with a few exceptions. It was found that age, prior knowledge and click paths
2680

had a small effect on participants’ comple tion times. In the following section we will
present data on how many errors our participants made during their tests.
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4.1.2.3 | Errors
2685

In our test we made a simulation of a website; borger.dk. In this simulation we were
interested in giving participants a way to go back to a previous slide just like you
would go back to the previous page in a browser. However, a limitation in our chosen
software made that impossible and we had to go another route. Instead we added
error slides. The error slides were added to serve three purposes; to give users the

2690

knowledge that they had selected the wrong option, to give them a way of going back
to the previous slide and give ourselves a method of logging how many times users
made the wrong choices. As explained in section 3.1.2.5 | Task list on page 42, that
meant that for every slide in the OGAMA experiment we had to add an error slide.
In the following we will account for the amount of errors that the elde rly group made

2695

during their tests so we can use this data to compare with the young group but also to
supplement possible tendencies. In the table, the 10 participants who made errors are
accounted for.

The results show that the amount of
2700

errors are somewhat small. Only

Test
participant

Total
errors

A2
A3
A4
A7
A9
A13
A19
A20
A23
A28
Total

1
2
1
1
1
3
6
1
1
2
19

Task 1

three participants made errors in
several tasks. There were two
participants who made a
significantly higher amount of
2705

errors, three and six respectively.
These two are both characterized by
the errors falling within the same
tasks; e.g. the participa nts with six
errors had five of those in Task 2.

2710

Both participants followed the
fastest and most popular click paths

Task 2

Task 3

Errors
1
1

1
1

1
1
3
1
1

8

5

1
8

1
1
3

Table 13 - Errors elderly participants

available, just like 22 other participants. All participants who made errors had a prior
knowledge median score of 2.5, which is slightly below that of all the participants
(2.75), which does not indicate that prior knowledge influenced how many mistakes
2715

they made. The same goes for age, as their mean age are 64 years old, only one year
older than the mean age for all participants (63).
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In the previous section we stated that we would follow up on results found in the
completion time for the young participants.

Test
participant

Task 3

Total
time
spent

Total
errors

Task 1

Task 2

Task 1

Task 2

Task 3

B1

0:00:41

Time spent
0:00:28 0:00:09

0:01:18

0

0

0

0

B2
B3

0:00:39
0:00:18

0:00:22
0:00:18

0:02:10
0:00:05

0:03:11
0:00:41

5
0

0
0

0
0

5
0

B4
B5

0:00:25
0:00:31

0:00:18
0:01:44

0:00:07
0:00:07

0:00:50
0:02:22

0
7

0
1

0
6

0
0

Average

0:00:31

0:00:38

0:00:32

0:01:40

Errors

Table 14 - Time to complete and errors young participants

2720

As can be seen by this table there is a direct connection between the completion time
and the errors committed by each specific participant. For that reason, we are going to
investigate why these errors were made. For participant B2 five errors were made in
Task 3. In Task 3 participants were charged with finding information on state
retirement, in this case “folkepension”. This participant made four of the five errors

2725

on the same page. The following screengra bs are where the participant clicked for
each error. The first picture will highlight the target groups that the participant s are
supposed to click.

2730

2735
Picture 13 - Error 1
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2740

2745
Picture 15 - Error 3

Picture 16 - Error 4

These screengrabs show that this participant clicked four times in the same menu,
which was also a wrong menu. It would seem that this person had decided that even
when told that it was the wrong choice he still believed the answer to be foun d in this
2750

menu. Noticeably, he clicked the same sub header twice even though he were already
informed of this being the wrong option. The key to this behavior would seem to lie in
the name of the sub header clicked twice; “pensionsydelse”. This is of course closely
related to the correct option. It is interesting how the menu below, which contains the
“magic word” three times, gets ignored while the participant keeps on getting error

2755

messages. Unfortunately, our data on this participant’s fixations is not of a high
enough quality to support of dismiss any claims. Based on the data collected on errors
there is the possibility that this participant has ut ilized lexical matching in his
information search. Furthermore, it would seem that he did not use a verification
strategy as the data clearly shows how the same wrong menus is being selected

2760

without the other menus being scanned. In regards to the other young participant with
many errors, all of these six errors was all found on two front page related pages. In
this case the participants started clicking on seemingly random menus with relatively
short interval, indicating a sort of trial and error approach.
If we compare this error behavior to our elderly group, where we had two participants

2765

with three and six errors, there is no correlation to the first participant of the young
group. The elderly participants did not click the same menu more than once when they
were told it was the wrong option. However, the one elderly participant with six errors
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did click on different menus with widely different content suggesting a trial and error
approach.
2770

In this section we have found that age does not affect how many errors the
participants made. This data corresponds well with existing research , described in
2.1.1.4 | Search behavior in elderly users, as several studies have found that age do
not make a difference when making errors in searching for information (Artis and
Kleiner 2006; Kurniawan, Zaphiris, and Ellis 2002; Biterman, Lerner, and Bitterman

2775

2007).

4.1.2.4 | Areas of interest
In this study we have created a OGAMA experiment in order to conduct eye tracking
research. AOIs have been placed in manually chosen places on the slides. This was
2780

described in both section 2.2 | Eye tracking and 3.1.2.5 | Task list. In this section we
will present data on how much time our participants have spent in each AOI, the
amount of fixations and the transition values between these areas. It is important to
note that some of our data proved to be too low quality when we examined it further,
which means that these results are based on 12 elderly pa rticipants, not 26. The data

2785

presented will be connected to Task 1 in our test; because it is the first time in the
test that users see this menu grid , without the purple boxes of course :
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Picture 17 – Clean AOIs

These purple boxes each represent an AOI. Our reasoning for placing them like this is
2790

so we can measure and create data in accordance with these menus. Our reason for
using this particular slide from the experiment is this; this is the first time in the test
that our participants have seen this g rid. Therefore, we must assume that they are
going to scan it for information. Had we used the identical slide from the other two
tasks there is a risk of participants having learned the grid from before.

2795

We will start by presenting how much time each of our elderly participants have spent
looking at these menus. The first screenshot is the total amount of time spent by all
elderly participants:
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Picture 18 - Total fixation time

2800

As can be seen by the screenshot, some menus have been looked at more than o thers.
Obviously the menu in the bottom right is the target which the participants are trying
to find. By looking at the screenshot it becomes clear that all menus have been seen
and looked at. One might suspect that the smaller menus would have lower valu es
because they fade in comparison to the big but that is not the case as can be seen

2805

clearly by the small menus to the left having equal or higher values than most others.
From this data one might suspect a higher number of fixations located in the more
popular menus.
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Picture 19 – Total fixations elderly

2810

The number of fixations suggests that participants did spend some time reading in all
menus. It suggests that some menus were glossed over fairly quickly while others
caught the eye. Obviously, the targe t area had most fixations as one would think that
most participants spend time reading the content in depth. To support this claim we
present the average fixation duration for each menu.

2815
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Picture 20 – Average fixation times

By looking at the average fixation duration it becomes clear that the fixations
recorded in each are on average of a somewhat large value. Interestingly, given that
2820

the main target menu had 34 fixations, it is telling that the average time per fixation is
still the highest. In our theory, in chapter 2.1.1.4 | Search behavior in elderly users,
we described how Al Maqbali et al. states that the minimum time for a fixation to be
classified as a fixation being between 100-200 milliseconds(Al Maqbali et al. 2013).
Seeing as the average fixation on the target area was almost double as high as the

2825

minimum requirement for a fixation to exist, we would argue that this data supports
the claim that some users have been reading the content of the menu. This claim was
previously discussed in section 4.1.2.1 | Click paths.

Since the previous screenshots have indicated that every menu had been inspected by
2830

our participants, the following will present the transition values between the menus,
to account for how participants have moved between them.
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Picture 21 – Total transitions elderly

The arrows indicate how participants have transitioned through the menus. It is
2835

interesting to note that participants have had very different transitions through these
menus as there are not many repeats. The few instances of two identical transitions
cannot suffice in showing a pattern. However, it is interesting that three instances
exist of participants reaching their goal through the same menu. Hidden in the
numbers, in the target menu, is another value of two; which means that there are also

2840

instances of users coming from two menus above directly to the target menu . All in all,
these transitions show how diverse the group of participants are in their scanning.
As a side note, it is interesting how the bottom right AOI has so much traffic. When
participants enter this slide in the experiment, they have just pressed a click target in
the bottom right corner. This means that there is high chance of them focusing in that

2845

corner when the new page emerges on the screen. By examining the transitions
between menus we can see just how many paths that leads away from that area,
suggesting that it is a starting point for some. Additionally, the transitions to this area
are very few while the transitions going away from it are many.
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As discussed earlier in section 4.1.1.2 | Prior Knowledge, data indicated that the age
group 50-59 had less prior knowledge than the age group of 60 -69. In the following we
will investigate whether or not that has had an effect on their behavior in the areas of
interest. The first two screenshots will present the fixations for both groups, starting
with the group of 50-59 year olds which consists of eight participants.

2855
Picture 22 – Fixations 50-59 year olds; 8 participants
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Picture 23 – 60-69 year olds; 14 participants

The amount of fixations themselves are not what is important as the young er and
2860

older group have different sizes and thus different amounts of fixations. However, the
placement of these fixations are what to notice here. Despite the differences in group
sizes and the number of participants , the data shows us that each menu has at least
one fixation for both groups and in some cases the amount of fixations are identical.
The most noticeable difference lies in top right corner as it shows a large difference

2865

between the two groups. There is the possibility of the older group, with more prior
knowledge, found this particular menu interesting. It should be mentioned that the
menu is related to elderly and thus relevant to both the 50 -59 and 60-69 year olds.
The prior knowledge possessed by the one group might have caused them to view this
menu, it could have been a menu they are used to finding on their own time.

2870

To examine if prior knowledge has affected these two groups in their transi tions
between menus the following screenshots w ill show just that; as before the first i s of
the 50-59 group.
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Picture 24 – 50-59 year olds transitions

2875
Picture 25 – 60-69 year olds transitions

Comparing the two groups transitions there is something of a pattern to notice. The
group with the least prior knowledge seems to have scanned the menus more
thoroughly displayed by the transitions on the left, whereas the group with more prior
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knowledge has more transitions going directly to the target menu. It is also interesting
that the first group has less participants, but about the same amount of transitions
which supports the claim of them scanning more menus before finding the answer. In
the second screenshot the only transition with more than one entry is found as well.

2885

In the following we will compare the results for the elder participants (53+) with the
young group of participants (20-24). We will display the average fixation times and
transitions for the younger group.

Picture 26 – Average fixations young participants

2890

Compared to the average fixation time for the elderly group, it is noticeable how the
AOIs with lower values are much lower for the young participants, indicating that they
have scanned and found menus to be irrelevant faster than the ol d group.
Furthermore, the AOIs with the higher values are also different from the elderly group
as the average fixation of the five most viewed is much more similar. This could

2895

indicate a pattern of the young users choosing some menus to focus on while not
paying much attention to others. Interestingly, the target AOI for this slide in Task 1
has the exact same average fixation time for all participants in our test, both young
and old.
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4.1.2.5 | Scan paths
In the following we will go through age and prior knowledge to see if any differences
exist within the elderly group, which can be attributed to either of the demographic
subjects. To do this we will look at the Levenshtein value between the groups to
compare their similarities, as described in chapter 2.2 | Eye tracking on page 30. We

2905

will illustrate our findings with visualizations from OGAMA.
A limitation with OGAMA is the limited options to compare groups, as you have to
manually write a group name by each participant, to be able to compare them. We
have ended up with an individual experiment database for age and pri or knowledge.
This way we can switch between them, without having to change the groups each time.

2910

We have chosen six slides on which we have good data from more than 10 different
participants. These slides can be seen in A ppendix 4 and will be referred to by the
number from one to six, they have been assigned in the appendix.
To compare the similarities in the scan paths, we use Levenshtein ’s value based on
fixations in the AOIs and in a 5x5 grid.

2915
By looking at the age of the participants and the scan
paths taken, we see that the scan path sequences are
very similar, when comparing differences between the

Above
Below

Above
Below
13.66191 13.87416
13.87416 14.14688

Table 15 – Slide 1 scan paths

age groups and internally in each group. This can be
2920

seen in the example from slide one in Table 15. This table show the similarity between
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the two groups and internally in each, in percentages. The calculation is based on the
participants’ sequences of fixations in their scan path and compared on 5x5 grid.

Picture 28 – Scan paths 5x5 grid

In Picture 28 we can see the scan paths of the two groups and the 5x5 grid. The light
blue scan paths are for the participants above the age median and the dark blue is for
2925

those below. This looks confusing, s o to get a clearer picture of the similarities or
differences between participants we can look at P icture 29 for participants A6, A24
and A27.

Picture 29 – Scan paths three participants AOI
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The similarity between these three participants are as show in Table 16. The similarity
between them ranges from 17% between A27 and A24 to
2930

27% between A27 and A6. This means that A6 and A27 are
quite similar, at least c ompared to A27 and A24. We can
compare this to how the scan paths of A14 and A28 are
similar on slide 4. Their similarity is 55%, which must be

A24 A27 A6
A24 100% 17%
23%
A27 17% 100%
27%
A6
23% 27%
100%
Table 16 – Similarities three
participants

regarded as high. The similarity between their fixations are even h igher at 75%. It is
2935

clear from Picture 30 how similar they really are.

Picture 30 – Scan paths two users

The similarities on the six slides for the participants with useful data, can be seen in
the table below. It displays the similarity in the participants’ fixations and scan paths
in percentages, when using a 5x5 grid.
Slides
Similarity
Fixations
Scan paths

1
2
3
4
5
6
44.1871 34.54413 35.43433 37.20134 30.07408 33.43538
12.79582 14.98595 16.96399 17.39849 10.33645 14.60695

Table 17 – Similarities 5x5 grid
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The median for fixations is 34.99% with a standard deviation of 4.74 percentage
points, which shows us that about a third of all fixations are similar for the
participants. This shows us the participants are looking at the same areas of the
website, but when comparing it to the scan path similarity we see another pattern.
The scan paths have a similarity median of 14.80% with a standard deviation of 2.64

2945

percentage points and is considerably less than the fixations. With a scan path
similarity of only 14.80%, it is clear that the participants have vastly different ways of
looking for information on the website. To get a better understanding of the
differences we can look at the same statistics, but using the AOI’s to compare fixations
and the scan paths. These can be seen in T able 18 below.
Slides
Similarity
Fixations
Scan paths

1
2
3
4
5
52.23777 42.91219 42.69231 40.11728 48.88888
31.27207 21.51058 25.80955 26.7003 25.64021

2950
6
50.43956
25.6316

Table 18 – Similarities AOI

The fixation similarity when comparing using AOI are much higher opposed to a
comparison based on the 5x5 grid. The median for fixations are 45.90% with a
standard deviation of 4.93 percentage points. The standard deviation is slightly higher,
2955

but only 0.19 percentage point. The fixation similarity is 10.91 percentage point
higher. This is because the AOIs cover all the text blocks, images, navigation, links and
so on, which ensures all the participants looks at are used for calculating the
similarities. Using the 5x5 or any other grid size, might have the participants looking at
the same navigation option, but parts of it are in one grid, which means the order

2960

might differ even though they are actually looking at the same thing. It is clear the
participants fixate on similar parts of the website. Looking at the scan paths we see
that the median scan path similarity is up 10.93 percentage points to 25.73% with a
standard deviation of 3.12 percentage points. This shows that the participants search
behavior are similar in where they look, but their scan paths differentiate quite a lot.

2965

To understand this better, we will look at the similarity within the older age group, to
see if there are any differences in the age group, based on age and then we will
compare the results to our young participants. In the table below we have compared
the similarity between those above the age median and those below. The table shows
the similarity, when using the AOIs.

2970
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Slides
1
2
3
4
5
51.81184 40.46329 41.6667 42.62153 40.0463
31.97686 21.19544 24.4609 23.33982 14.30912

6
53.10416
23.52544

Table 19 – Similarities for elderly above and below age median AOI

Comparing the differences between the similarity for the entire age group and the
similarity of the age group split in two, show that there is little difference between the
two. The similarity median for fixations only drops by 3.76 percentage points and the
2975

same number for scan paths are only 2.29 percentage points lower, at 42.14% and
23.43% respectively. The standard deviations are increased by 0.96 and 2.57,
indicating that it is more varied. The differences are so minor that we do not believe
them to be significant enough to indicate a difference caused by age. Now we compare
the entire elderly age group to the young age group, to see if any differences that can

2980

support the notion of immigrants and natives exist between them.
Slides
Similarity
Fixations
Scan paths

1
2
3
4
5
6
42.73217 34.04 44.28571 41.35556 36.25 32.08334
21.42884 18.26151 29.68434 26.92386 21.30952 18.23873

Table 20 – Similarities Elderly and young AOI

The median for fixations when comparing the two groups are at 38.80% with a
standard deviation of 4.93 percentage points. This is 7.1 percentage points lower than
the similarity within the elderly age group. This proves that there are differences
2985

between the two groups in our study, but it is a minor difference, which we do not see
as significant enough to indicate the notion of immigrants and natives are true. For
the scan paths we also find a small difference. The median for scan path similarity
between the two groups are 21.37%, 4.35 percentage points lower than the similarity
for the elderly age group. This, again, does not indicate a major difference between

2990

the two age groups as whole, but rather that the individual participants look for
information in different ways. Picture 30 shows two very similar scan paths for two
elderly participants. These two participants have looked at the front page of Task 2 in
in more or less the same manner, with a similarity of 55%.
Comparing those two scan paths to the two in Picture 31, which are vastly different,

2995

with a similarity of only 11%, we can see completely different search behaviors. The
first example is very focused on the shortcuts and the few visible navigation options
near the fold and ending om looking at the button to move down the page. These
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users seem to understand how the website works and know where to look for the
information. In the second we see two participants searching all over the front page
3000

for the information, before moving down the site.

Picture 31 – Two different scan paths

The differences cannot, from our data, be explained by age differences. Below we will
discuss whether prior knowledge might influence the search behavior.
3005
From the table below we can see that the median for similarity between the top and
lower elderly participants scan paths, based on prior knowledge, is 25.35%. When
compared to the total similarity for the entire age group of 25.73%, we can see that
the difference is only 0.38 percentage point. This difference is close to non-existent
3010

and indicates that prior knowledge, internally in the elderly age group, does not
influence their search behavior.
Slides
Similarity
Fixations
Scan paths

Median

1
2
3
4
5
6
47.81941 42.49612 43.70834 37.48264 53.17461 50.7963 45.76388
31.43503 25.40303 24.40774 25.6146 23.26531 25.30182 25.35243

Standard
deviation
5.79342
2.845738

Table 21 – Similarities for elderly above and below prior knowledge median AOI

In the following we compare the participants above the prior knowledge median with
the young age group. Afterwards we do the same, this time for the elderly participants

113

Master’s Thesis
3015

2016

below the prior knowledge median. The first comparison is between the elderly above
the prior knowledge median.
Slides
Similarity
1
Fixations
41.56746
Scan paths 20.96627

2
31.79654
18.52778

Standard
deviation

Median

3
4
5
6
26.25 36.33333 33.33333 40.33333 34.83333 5.708438
18.91667 23.88258 15.15873
24.4
19.94147 3.509284

Table 22 – Similarities for elderly over prior knowledge median and the young age group

In this table we see that the young and elderly with a prior knowledge above the
median have a similarity of 19.94%, which is 1.43 percentage point less than the
3020

similarity for the young and old based on gender at 21.37%. The difference is again
minor and does not indicate any differences based on prior knowledge. Next we look
at the similarity based on the elderly below the prior knowledge median and the
young.
Slides
Similarity
Fixations
Scan paths

Median

Standard
deviation

1
2
3
4
5
6
43,6057 34,60087
26,7
42,61111 27,14286 43,24075 38,60599 8,003448
21,77576 18,19494 17,36818 27,68419 17,85714 26,97954 19,98535 4,679491

Table 23 – Similarities for elderly below prior knowledge median and the young age group

3025

With a similarity median of 19.99% it is almost the same as the similarity for the
elderly above the prior knowledge median and does not show any tendency for prior
knowledge affecting the participants search behavior.

We have found by comparing scan paths that the differences based on age are
3030

insignificant and does not point to the notion of natives and immigrants being true. It
does not show any tendency towards the elderly and young view a website differently
or at least not in a significant manner. The same is true when using prior knowledge
for comparing the groups. We have not found any differences internally in the elderly
age group either and any differences seems to be based on individual differences that

3035

cannot be attributed to age or prior knowledge.
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4.2 | Summary
3040

In the following we will summarize the key findings we have collected in this study and
link these findings to the research questions we have based our study on.
By conducting the questionnaire, w e collected data on participants’ demographics and
their prior knowledge. We were able to calculate median scores to help with
understanding the elderly group and identify characteristics of the group as a whole.

3045

We were then able to compare this data to t he young participants. We found that the
elderly participants had a lower prior knowledge than the young participants.
By conducting the eye tracking study, we identified that age did not affect which click
paths a user would take, making the two groups ha ve the same number of clicks to
complete. However, though we did find that though click paths were similar their

3050

completion times were not, as the young group of participants were clearly faster.
When examining the errors committed, the differences were fe w in the amount of
errors per participant on average. For the participants who made errors, they were
often numerous and in single tasks.
The age groups behavior in our areas of interest was similar as their average fixation

3055

times were very similar. Investigating their scan paths proved that age, prior
knowledge and gender did not have an effect on h ow these participants would
navigate the slides in the test.
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5 | Conclusion
3060

In existing research, we have found that a ge cannot be used as a grouping m echanism
on its own, but can be used as a framework for the groups, which then incl udes more
aspects. We have found that the users’ prior knowledge and the demographics can be
important factors. These factors have thus been included in our test and in our
comparisons.

3065

It is possible to test how users’ navigate through a websites information architecture
by conducting eye tracking tests using appropriate hardware and software and
following a prepared test plan. However, there are certain limitations in regar ds to eye
tracking on elderly people that make it more difficult co mpared to testing young
people. These include the larger portion of elderly who uses glasses and, to some

3070

extent, physical aspects such as saggy eyelids. Despite these limitations, we were able
to collect data from more than 30 test participants and with most of it usable.
Data showed that the differences between age groups were few and the similarities
many. The data collected in this study determined that both groups use the same click
paths and thus the same clicks to complete. The amount of errors made by the two

3075

groups were similar. The similarity of scan paths was similar for both the groups as
well. The differences between the young and elderly were not larger than the
differences within the larger elderly group. Only one of our measures showed a
difference between the two groups and that was the time to complete. This is in line
with previous studies. Our study indicates that the differences in time to complete is

3080

caused by the older users spending more time on verification strategies, to ensure
they pick the correct option.
We have not found any evidence, which supports the notion of digital natives and
digital immigrants, except the differences in time to complete. The elderly age group
have a lower prior knowledge, but manages to complete all the tasks and without

3085

making more errors than the young group. The elderly group spe nd more time
completing the task, but it was not more difficult for them, when compared to the
young age group. Age and prior knowledge as factors did not affect the participant’s
ability to complete the tasks, how many errors they made or how they looked for
specific information in the information architecture of borger.dk.
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For these reasons, we have not found the notion of digital natives and digital
immigrants to be true in the context of this thesis.
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7 | Appendices
Appendix 1
Køn:
Sæt venligst kryds ud for det rigtige svar.
Mand
Kvinde

Alder:

Uddannelsesniveau:
Sæt venligst kryds ud for det rigtige svar
Folkeskole
Teknisk uddannelse(håndværkerfag)
Gymnasie uddannelse
Videregående uddannelse(Universitetsuddannelse)
Erfaring med internettet:
Sæt venligst et kryds ud for det rigtige svar
Har du nogensinde brugt internettet til at ændre din hjemmeadresse?
Har du nogensinde brugt internettet til at forny dit pas?
Har du nogensinde brugt internettet til at forny eller ændre dit
kørekort?
Har du nogensinde brugt internettet til at bestille nyt sundhedskort
(sygesikringsbevis)?
Har du nogensinde brugt internettet til at vælge ny læge?
Har du nogensinde brugt internettet til at søge om offentlig støtte i
form af penge?
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Ja

Nej

Ja

Nej

Ja

Nej

Ja

Nej

Ja

Nej

Ja

Nej
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Sæt venligst kryds ud for de hjemmesider du har benyttet før:
Borger.dk
SU.dk
Sundhed.dk
Skat.dk
e-boks.dk
Vær venlig at markere med kryds hvor ofte du udfører følgende handlinger på internettet:

Sjældnere

2 gange
om
måneden

3 gange
om
måneden

2 gange
om
ugen

4 gange
om ugen

Sjældnere

1-2 gange

3-4 gange

5-7
gange

8-10
gange

Færre
timer

3-9 timer

10-19
timer

Oftere

Benytter
netbank
Er i kontakt med det offentlige
Bruger en søgemaskine
Læser nyheder
Ser film, serier og
dokumentarer
Tjekker din eboks
Benytter sociale medier
Skriver og læser e-mails
Handler online
Deltager i online debatter

Oftere

Vær venlig at markere med
kryds hvor mange gange du
benytter internettet om dagen

Vær venlig at markere med
kryds hvor mange timer du
benytter internettet om ugen
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20-29
timer

30-39
timer

Flere
timer
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1

2

3

4

5

6

1

2

3

4

5

6

På en skala fra 1-6, hvor 1 er lidt
og 6 er meget, vurder hvor
meget tidligere/nuværende jobs
har påkrævet dig at bruge
computere

På en skala fra 1-6, hvor 1 er lidt
og 6 er meget, vurder hvor
meget du bruger en computer
til dine studier
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