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SUMMARY
Dementia is a decline in mental ability that interferes with daily activities and makes people who suffer from it
more dependent on others. The number of people with dementia is high and exponentially growing. These
increasing numbers result into an exponentially increasing demand of care that incorporates high care costs.
Technical interventions are necessary to make people less dependent on care of others and to manage future
costs.
Technical interventions should be utilised to make people with dementia less dependent on others, for example
for travelling. People already experience deficits in wayfinding in the first stages of dementia by getting lost in
familiar places. This makes people with dementia more dependent on others for travelling. Indirectly this causes
them to be more dependent on others for daily tasks or chores that involve travelling a certain distance.
Navigation systems are effective interventions to improve wayfinding for people with and without dementia.
However, because this problem deals with specific people, we expect that navigation systems which are adjusted
to the user would be more effective in improving wayfinding. Image prompts can be an added value in navigation
systems to improve wayfinding of people with and without dementia. However, it is still unclear what pictures
could improve wayfinding in such a way that less wayfinding errors are made and the destination is reached in a
shorter amount of time.
A good option for improving wayfinding abilities is incorporating images of landmarks in pedestrian navigation
systems because landmarks are highly used in wayfinding, easy to present on pictures, and easy to see and
recognise in the environment. However, it unknown what sort of landmark images should be presented and how
these landmarks should be presented when utilised as image prompts in pedestrian navigation systems. The
present study investigated which category of landmarks should be presented, if the presentation of landmarks
should contain much or no context, and if the location of landmarks is important for improving wayfinding of
people with and without dementia when these landmarks are presented as image prompts in pedestrian
navigation systems.
A qualitative content analysis was applied in this exploratory study. The sample consisted of eight participants
without dementia and eight participants with a mild form of dementia. These participants conducted an interview
that consisted of seven parts. There were two questionnaires to examine the cognitive level and level of spatial
ability. Participants had to draw a cognitive map and evaluate the Happy Travel (a navigation system that
incorporates Google Street View images). Participants had to describe a route and execute the route in Google
Street View. The last task involved a navigation task where participants were presented with different types of
image prompts. These tasks measured the relevance of landmark images in navigation systems, what type of
landmarks could be effective and how they should be presented. Additionally, differences between participants
with and without dementia were investigated.
The results suggested that landmark information would be effective, in particular for people with dementia.
Landmark images would be a useful addition as navigation prompt, next to text instructions and/or a map. The
main purpose of landmark images was to confirm the chosen walking direction. Although for several participants
with dementia, the navigation task with prompts of landmark images seemed too demanding which could suggest
that landmark images could create an information overload for this group.
The findings suggested that the category visual landmark was most suitable as navigation prompt. The visual
landmarks were easiest to remember and notice in the environment, particularly when the landmarks contrasted
in colour, brightness, shape, size and material with their surrounding environment. Additionally, landmarks where
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people had a personal connection with seemed effective navigation prompts, in particular for participants with
dementia. Furthermore, structural landmarks were often utilised by people without dementia in wayfinding;
however, structural landmarks were not investigated in the navigation task.
The results showed that landmark images tended to improve the wayfinding abilities of participants with and
without dementia when they were presented with much context. The context provides information about the
surrounding environment and makes clear which visual features of the landmark contrast with this environment.
This information made it easier to notice landmarks in the environment since people knew where to search for.
Additionally, the context seems to provide information about the location of the landmark which makes it easier to
detect the landmark in the environment. Close-up pictures were reported to be helpful for displaying the
destination which could be a useful addition since landmark information is mostly consulted close by the
destination.
The location of the landmark influenced the easiness of detecting a landmark in the environment. The landmarks
were expected to be in the same direction as the navigation route was heading to. However, landmark locations
were less important when context images were provided since the context provided information about where to
expect the landmark in the environment.
When the assumptions from the results are utilised to improve pedestrian navigation systems for people with and
without a mild form of dementia then it should improve the wayfinding abilities of the users. As a consequence,
people without dementia and in particularly people with dementia would be less dependent on others for
travelling. For society, the regained independency of travelling by people with a mild form of dementia would
results in limiting the increasing amount of care and additional costs.
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1. INTRODUCTION
One day Mr. Jansen walks from his house to the supermarket to get some groceries. This route is familiar to him
since the supermarket has not moved in the last 40 years. He starts walking the same route he always walks.
Although all a sudden, when half way to the supermarket, he looks around and does not know where to go
anymore. He asked himself: where was the supermarket? How could I get lost? This experience of Mr. Jansen is a
typical example of a person with dementia who experiences the first symptoms of the syndrome.

1.1 D EMENTIA
Dementia is a combination of symptoms, a syndrome, where people experience a decline in mental ability in such
a way that it interferes with daily life (Alzheimer's association, 2015). The syndrome is mostly determined by
people who are older than 65 (Alzheimer's association, 2015) although it is not part of the normal aging process
(WHO, 2015). A rapid decline of nerve cells in the brain affects people’s thinking, behaviour and feelings
(Alzheimer Nederland, 2015; Alzheimer's association, 2015). There are 50 different types of dementia whereof the
most common type is Alzheimer’s disease (Nijhof, 2013). People with dementia become increasingly disabled and
dependent on others (WHO, 2015).
Currently, in the Netherlands a high number 260.000 people suffer from dementia and this number is still
increasing (Alzheimer Nederland, 2015). Worldwide, 47.5 million people have dementia which is 0.6% of the world
population. These numbers are rapidly increasing as they approximately double every twenty years (WHO, 2015).
For the Netherlands, this exponential growth means that there will be 500.000 people with dementia in 2040
(Alzheimer Nederland, 2015).
These increasing numbers result into an exponentially increasing demand of care that incorporates high care costs.
In 2010, the total worldwide societal costs of dementia were estimated at 604 billion dollars. This equals 1% of the
worldwide GDP (gross domestic product; WHO, 2015). Since the number of people with dementia is increasing,
these costs will equally increase. According to Wimo and Prince (2010) investments are necessary in research and
in cost-effective ways of care to manage the future costs.
The demand of care for dementia cannot be eliminated since there is no treatment or cure (WHO, 2015). However,
the high healthcare demand of people with dementia can be diminished by decreasing their dependency.
Technological innovations could empower people with dementia to remain independent by making them less
dependent on the care of others. Supporting healthcare through technology is defined as eHealth (Nijhof, 2013).
eHealth could decrease deficits people with dementia experience and which makes them more dependent on
others, for example deficits in wayfinding. Already in the first stages of dementia people experience deficits in
wayfinding by getting lost in familiar places (WHO, 2015). Other symptoms of mild dementia are forgetfulness and
losing track of time. Besides technological aids there are trainings that enhance wayfinding; however, trainings
seem to have a lower effect on wayfinding than ICT interventions (Caffò, Hoogeveen, Groenendaal, Perilli, Picucci,
Lancioni & Bosco, 2014). Furthermore, after training people with dementia in wayfinding, they still need assistance
to travel (Liu, Hile, Kautz, Borriello, Brown, Harniss & Johnson, 2006) In other words, they remain dependent on
others after trainings. In conclusion, assistive technologies could be effective in improving wayfinding of people
with dementia.
Currently, there are several navigation devices on the market, e.g. the Google Maps app (Google Inc., 2015).
Google Maps is a navigation support system which shows the route to a pre-defined destination for pedestrians,
cyclists, car drivers and users of public transportation. However, because this problem deals with specific people,
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we expect that navigation systems which are adjusted to the user would be more effective in improving wayfinding
(see also Topo, 2009).
One way of improving navigation systems, in such a way that people find their destination with less time and
effort, is by adding image prompting (Beeharee & Steed, 2006). In particular, landmark images are expected to
improve wayfinding abilities. Landmark images as navigation prompts raise the confidence level, reduce errors and
remove ambiguity (Ross, May & Thompson, 2004; Goodman, Gray, Khammampad & Brewster, 2004; Goodman,
Brewster & Gray, 2005). In the present study we define wayfinding errors as when a different walking directing is
chosen than the direction that leads to the destination, when a different walking directing is chosen than a
navigation system instructs or when a destination is not reached.
Nonetheless, in general there is little knowledge about what type of landmarks would improve wayfinding abilities
and for what reason. In the present study, we investigated which landmarks should be presented in navigation
systems to improve the wayfinding of people with and without a mild form of dementia. Additionally, we studied
how landmarks should be presented in navigation systems to improve wayfinding for people with and without a
form of mild dementia.

1.2 HAPPY WALKER PROJECT
Multiple European projects are striving to develop a navigation system that is adapted to people with and without
dementia to support the users in wayfinding. Some examples are Happy Ageing, ASSAM, IMAGO, STIMULATE and
MOBILE.OLD, and NavMem (AAL, 2015). A number of these projects are part of the Active and Assistive Living
(AAL) joint programme which was initiated in 2008 and currently involves 23 European states (Langerveld, 2015).
The goal of the AAL joint program is to promote an active healthy lifestyle for elderly utilising information and
communication technology (ICT). Additionally, the AAL joint programme was started to strengthen the industrial
position of Europe through the use of ICT (AAL, 2015). To reach those goals there is an annual budget of
approximately €100 million a year which is funded by the 23 European states, the European Commission and
participating organisations and companies (Langerveld, 2015).
One AAL project that focused on developing a navigation system for older people with and without dementia is the
Happy Walker project (Happy Walker - Assisted Living, 2015). Vilans is one of the ten partners in the Happy Walker
project. Vilans is an organisation that is a specialist in developing and applying knowledge to improve long-term
care. According to the vision of Vilans, long-term care should be high in quality, safe and expedient. eHealth can
support the care process and the eHealth group of Vilans implements and evaluates new ICT innovations in the
field of long-term care (Vilans, 2015).
The goal of the Happy Walker project is to promote different types of transportation and an active lifestyle for the
user groups. To reach this goal the consortium developed a navigation app on a mobile phone that consists of
1
three components :

1

Later in the process there were several changes made in the app to improve the usability of the design. As a result the current
content of the Happy Walker could differ from the description in this section.
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1.

Happy Preparing
Happy Preparing helps the users to prepare their activity
and stimulates new activities. Happy Preparing involves an
agenda that enables the user to plan activities and see new
suggestions for activities. Additionally Happy Preparing
consists of a checklist that reminds the user about the items
he/she should bring to the activity. The Happy Preparing is
not further investigated in the present study.

2.

Happy Travelling
Happy Travelling is a navigation component that aids people
to travel on foot or with public transportation. The
pedestrian navigation aid consists of three prompts that
indicate the walking direction: a map, arrow and images.
The navigation app is called Travel and is the component the
present research focused on.

3.

Happy Memories
Happy Memories makes it possible for users to take pictures
of their event and share them with others. Investigating this
component was not part of the present study.

Figure 1: The three components of the Happy Walker.
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A feature of the Happy Travelling - the navigation system of the Happy Walker - is the Google Street View images
that try to enhance the wayfinding abilities of the users. Currently, most navigation systems consist of a map
and/or route instructions and disregard images as navigation prompts. The Happy Travelling shows images of the
environment that are situated on the users walking route and approximately 200 meter in front of the user. These
images indicate the correct walking direction for the users and are downloaded from Google Street View. This way
the Happy Travel tries to improve the wayfinding capabilities of both target groups: older people with and without
dementia.
A unique feature of the Happy Travelling is that images provided by the Google Street View can be replaced by
photographs that are made by the user and/or their informal caregiver. During a route the users are able to take
pictures and every following time this route is chosen then, the self-made pictures are showed instead of the
Google Street View images. This feature makes it possible for people with dementia or their informal caregiver to
replace the Street View images with photographs that are more supportive for people with dementia in
wayfinding. When there is knowledge about what photographs mostly improve wayfinding abilities then the user
and/or informal caregiver could incorporate these pictures in the navigation system by taking photographs on the
route. For example, every time Mr. Jansen walks to the supermarket he sees a picture of a church instead of the
Google Street View image on the Happy Travelling at the first intersection because in a previous route his informal
caregiver took a picture of the church with the Happy Travel. The picture of the church makes Mr. Jansen more
aware of the location where he is standing and should be going since he recognises the church better than the
Google Street View image that was previously displayed.
However, there is little knowledge about which sort of images are most supportive in wayfinding and how they
should be presented. As a consequence, it is unclear where the users – people with dementia and/or their informal
caregivers - should take pictures of with the Happy Travel to improve wayfinding. The present study provides more
clarity about which images in pedestrian navigation systems are most effective for improving wayfinding.





First, we examined which category of landmarks would be most effective in improving wayfinding for
people with and without a mild form of dementia: visual, semantic or structural landmarks.
Second, we was studied if landmark images with much context or landmark images without context
(close-up images) would be more effective in improving wayfinding for people with and without a mild
form of dementia.
Third, the present study investigated where the landmark that is displayed on navigation systems should
be situated in the environment to be easy to detect by people with and without mild dementia.

The results led to guidelines for people with dementia and their informal caregivers who use the Happy Travel
(navigation system of the Happy Walker). These guidelines provide information about where the user or informal
caregiver needs to take pictures of to improve wayfinding of the user. All guidelines are provided in Appendix G:
Recommendations for Happy Travel users.
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2. THEORETICAL BACKGROUND
People with and without dementia could benefit from a navigations system when the functions and features are
compatible with the users’ goals, tasks and level of technology experience. The system should be easy to use which
can be established when system concepts match the concepts that the user employs, and when interactions with
the system are minimised (Nap, 2008). We expect that the simplicity of the system is especially important for
people with dementia since they experience cognitive deficits (Hettinga, Boer, Goldberg & Moelaert, 2009; Chang,
Peng Wang Chen Chen Chen, 2010; Chang, Tsai & Wang, 2008; Liu et al., 2006). A positive feature of navigation
systems on mobile devices is that there is a possibility to tailor the information to the user (Chang, Tsai & Wang,
2008; Chang & Wang, 2010). Tailoring wayfinding information makes it possible to adapt the pedestrian navigation
system to people with dementia (Cheng et al., 2010; Chang & Wang, 2010).

2.1 WAYFINDING
Navigation systems could improve the wayfinding abilities of people with dementia which are impaired due to
their mental condition. Wayfinding is the process where people navigate in their environments that involve
behavioural and cognitive processes (Passini 1981; Bell, Greene, Fisher & Baum, 2001). Wayfinding is “the notion
of spatial orientation, which referred to a person’s ability to mentally represent the spatial characteristics of a
setting and the ability to situate him or herself within that representation” (Passini, 1996, p. 321). According to
Passini (1996) there are three spatial processes involved in wayfinding:
Process 1: Action plans and decision making
In the first process an action plan is erected that involves making several decisions about the destination and how
the destination can be reached (Passini, 1996). An action plan consists out of four phases: 1. Decide destination, 2.
Localise target destination, 3. Choose a route to the destination and 4. Decide mode of transportation (Gärling,
Böök & Lindberg, 1986). Although it is open for discussion if an action plan actually consists of these four phases
and if these are in this particular order. For example, it is plausible first the mode of transportation is chosen
(phase 4), and then choose the route to the destination (phase 3).
Process 2: Decision execution
In the second process the action plan is executed. The intentional behaviours of the first process are turned into
behavioural actions at a chosen time and place (Passini, 1981; Passini, 1996). During the execution process, the
action plan is compared to the perceptual environment. This method is a matching-feedback process. The physical
setting should match the expectations of the action plan to be able to execute a decision (Passini, 1981). For
instance, if you decided to go left at the post office and you see a post office in your physical environment then
you are able to execute that decision. However, when the environment does not match a decision then this
decision cannot be executed. In that situation the decisions of the action plan need to be revised and new
decisions will be made on the available information from memory and the environment or the action plan will be
cancelled when one decides to not reach the chosen destination (Passini, 1981).
Process 3: Information processing
Information is needed for making and executing the action plan (Process 1 and 2). This information can be
obtained from the perceived surrounding environment, memory and/or previous experiences (Passini, 1996). Since
the environment and memory contain much information there is a selection procedure before the information is
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processed. People only select the information that is relevant for completing the goal and neglect all other
information. The relevance evaluation of information types can differ per individual.
Passini (1981) suggested that there are two different wayfinding styles that require different types of information:
linear and spatial. The linear wayfinding style is based on linearly organised information like signs. For example,
when you are in a city and you want go to the city centre, then you can follow the signs “Centre” which lead you to
it. The spatial wayfinding style is based on the spatial understanding of a setting and your location in this setting.
For example, when you are in a city and you want to go to the city centre, then you use the information of the city
layout, and where you are located in this layout to plan and execute a route that lead you to it. The type of style
people select depends on the individual and the situation.
The selected information is processed and often used in spatial reference frames that affect wayfinding abilities
(Passini, 1996; Lithfous, Dufour& Deprés, 2013). There are two types of spatial reference frames: egocentric and
allocentric (Lithfous, Dufour & Després, 2013). Egocentric representations are built from the viewpoint of the
navigator in the environment. This approach is mainly orientated on the input from the spatial environment and
reacts to it with automatic learned responses (Lithfous, Dufour & Després, 2013). For example, when you know
that when you need to turn left at the church to reach the supermarket, then when you are on your way to the
supermarket and you see a church (input) you automatically turn left (response).
Allocentric representations are mental and flexible representations that are called cognitive maps (Lithfous, Dufour
& Després, 2013). A cognitive map is a mental image of the spatial layout of certain environments (Lynch, 1960). It
is an organised representation that contains several parts of the spatial environment. The representation is what a
person believes to be true although does not have to be true (Downs & Stea, 1977). When a cognitive map is
required in wayfinding then it is reconstructed on the basis of a network of propositions stored in memory. The
usage of these representations is not exclusive and the usage depends on the situation and location.

2.2 WAYFINDING WITH DEMENTIA
As was mentioned in Section 1.0 Dementia, people with a mild form of dementia occasionally become lost in
familiar places due to that dementia diminishes the wayfinding ability of a person. As a result, travelling with
dementia becomes more difficult, and there is a higher chance that you will get lost in unfamiliar and familiar
environments. This deficit makes people with dementia more dependent on others for travelling. Indirectly this
causes them to be more dependent on others for daily tasks or chores that involve travelling a certain distance,
e.g. people can become more dependent on others for getting groceries.
People with an early stage of dementia have lower wayfinding abilities compared to people without dementia
(Passini, Rainville, Marchand & Joanette, 1995). Studies found that people with dementia make more errors during
recalling learned routes or landmarks, assessing direction, drawing a route on a map and remembering the
landmark location (Cherrier, Mendez & Perryman, 2001; Cushman, Stein & Duffy, 2008; Monacelli, Cushman,
Kavcic & Duffy, 2003).
People with dementia often construct poorly structured action plans since their impairments make it more difficult
to make good wayfinding decisions (Passini et al., 1995). First, people with dementia are less able to gather
information from their environment because they experience visual impairment in the optic flow that for example
impairs their ability to perceive motion. When participants had to respond to different visual patterns in a study of
Tewsky and Duffy (1999), the results showed that people with dementia are less able to perceive optic flow.
Second, people with dementia find it harder to distinguish the relevant from the irrelevant information (Passini et
al., 1995). Participants with and without dementia had to reach a destination in a hospital based on described
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instructions. During the route, the participants with dementia were unable to extract information from relevant
information displays because they were confused by irrelevant information on displays.
The deficits of perceiving and selecting relevant information from the environment make it more difficult for
wayfinding. Besides gathering and selecting information, dementia influences processing information. Dementia
changes brain areas that are responsible for wayfinding (Lifthous, Dufour & Després, 2013). First, dementia affects
the anterior medial temporal lobe and the anterior hippocampus that diminishes the ability of allocentric
representations, cognitive mapping and spatial learning (Kalova, Vlcek, Jarolimova & Bures, 2005). These
diminished abilities cause difficulty with creating cognitive maps (Lifthous, Dufour & Després, 2013; Passini et al.,
1995). Next, the posterior hippocampus is affected which is responsible for spatial long-term memory. Dementia
also influences the parietal cortex and temporo-parietal associative areas that involve processing sensory
information that is important for egocentric representations (Whitwell, Przybelski, Weigand, Knopman, Boeve,
Petersen & Jack, 2007). Therefore people with dementia not only have more difficulty with creating cognitive
maps, they also have more difficulty with understanding the surrouning situation for self-orientation. These
impairments make it more difficult for people with dementia to wayfind than for people without dementia.

2.3 IMAGES AS NAVIGATION PROMPTS
Navigation systems are effective interventions to improve wayfinding for people with and without dementia. There
are different types of navigation prompts that guide users to their destinations, e.g. maps, text instructions, images
etc. Most frequently used prompts are maps and instructions and although research shows that images are no
substitute for a map or instructions (Chang et al., 2010; Solberg, Fickas, Hung & Fortier, 2006; Hamburger & Röser,
2014) there is evidence that images can be an added value. Beeharee and Steed (2006) studied the additional
effect of images next to instructions and maps in pedestrian navigation systems. In their study there were two
conditions: simple and augmented. In the simple condition people were only provided with a navigation system
that contained two taps: a map and text instructions. In the augmented condition, the navigation system also
contained a tab that contained a set of images. The image showed the environment that was named in the
instruction. For example, text instruction 16 was “Follow the path for 70m, walking towards the arch” and the
image showed the corresponding arch (Figure 2). The users in the simple condition needed 20 minutes to complete
the route and the users in the augmented condition needed 15 minutes. This result suggests that adding images to
navigation systems improves the wayfinding abilities of its users. The images were in particular used in confusing
situations where the user may be uncertain about the walking direction. In these situations images were used as
confirmation of their suspected walking direction. The photo displayed on the mobile device is compared to the
physical environment for reassurance (Beeharee & Steed, 2006).
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Figure 2: Map, route and photo tab as navigation applications utilised in the study of Beharee and Steed (2006).

Additionally, a study of Goodman, Gray and Brewster (2005) confirmed that images as navigation prompts improve
the wayfinding abilities of seniors. Furthermore, Liu, Hile, Kautz, Borriello, Brown, Harniss and Johnson (2006)
found the same beneficial effect for people with dementia or another form of mild cognitive impairments. For this
user group there is evidence that image prompting is even preferred and more effective than audio prompting
through vocal cues (Liu et al., 2006; Chang & Wang, 2010; Caffò et al., 2014). Nevertheless, there are also
situations in which image prompting raise confusion instead of clarification and will decrease instead of improve
the wayfinding abilities of seniors (Beharee & Steed, 2006). Seasonal changes for example can be confusing. When
there is snow displayed on the image but no snow in the environment it will be more difficult to compare the
images. Thereby, it can be confusing if the picture is not taken from the same viewpoint as the user is situated in
the environment (Beharee & Steed, 2006; Hile, Grzeszczuk, Liu, Vedantham, Kosecka & Boriello, 2009).

2.4 LANDMARK IMAGES AS NAVIGATION PROMPTS
A good option for improving wayfinding abilities is incorporating images of landmarks in pedestrian navigation
systems. Landmarks have multiple definitions. According to the Merriam Webster dictionary a landmark is “(1) an
object or structure on land that is easy to see and recognise, (2) a building or place that was important in history,
or (3) a very important event or achievement.” In the present study we mainly focus on the first two definitions.
Landmarks are easy to recognise because they grab our attention by standing out from the rest of their
surrounding environment, such as a remarkable sculpture or historical building.
Landmarks are exploited as points of reference (Raubal & Winter, 2002) and used to structure our cognitive maps
(Richter & Winter, 2014). According to Siegel and White (1979) the learning process consists of three stages. The
first stage is Landmark knowledge where the unique features of landmarks are learnt. Then the second stage is
Route knowledge which consists of information about the order of landmarks and information that connects
walking directions to landmarks. In the third stage Survey knowledge is gained about the spatial layout of an
environment and the interrelations between landmarks and areas. This knowledge enables people to construct
and utilise cognitive maps. For example, if you know that the supermarket is next to the church and you are
standing in front of the church then you know you are near the supermarket. However, the three stage learning
process is reconsidered and questioned by Montello (1998). It is open for discussion if survey knowledge is actually
gained by people and if this is the case, it is unlikely that survey knowledge incorporates information about metric
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distances and directions between landmarks as was suggested by the three stage learning process. Moreover,
Montello (1998) finds is more likely that route knowledge is stored in a spatial hierarchical order, instead of the
linear structure that is implied by the three stage learning process. In short, Siegel and White (1979) developed the
three stage learning process that enables us to learn and utilise landmark information; however, the likelihood
that the learning process consists of these three stages is debatable (Montello, 1998).
These structured cognitive maps with landmarks are often consulted for wayfinding. In fact, when landmarks are
used in wayfinding then less wayfinding errors are made (Raubal & Winter, 2002). In other words, using landmarks
improves wayfinding abilities. This improvement can be explained by the way people link landmarks to directions
to better learn and remember a route. In a study of Hamburger and Röser (2014) participants watched a film
where they walked through corridors in a virtual world. At every intersection there was a picture, word or auditory
cue presented and a walking direction was taken: left, right or straight ahead. After the film was played,
participants were provided with a series of cues that were similar to the cues in the film. After each cue was
presented, participants had to choose which direction matched the walking direction that was demonstrated at
that similar cue in the film: left, right or straight ahead. For this task the sample was divided into two groups. The
first group received the cues in the identical order as was presented in the film and the second group received the
cues in a random order. The results showed that both groups performed equally well as both had the same
number of correct answers. These equal scores that the participants did not learn the directions in sequential
order but linked them to the cues that were presented. During wayfinding, people also link notable cues like
landmarks to walking directions. This cognitive process even happens automatically and unconsciously (Janzen &
Turennout, 2004). Due to the way we link landmarks to directions, landmarks are often utilised in action plans and
described when communicating a route (Nothegger, Winter & Raubal, 2004).
Since the use of landmarks improves wayfinding, it is no surprise that images of landmarks as navigation prompts
also increase people’s wayfinding capacities. Landmark images as navigation prompts raise the confidence level,
reduce errors and remove ambiguity (Ross, May & Thompson, 2004; Goodman, Gray, Khammampad & Brewster,
2004; Goodman, Brewster & Gray, 2005). Landmark images are in particular helpful when related to a navigation
task and route (Beeharee & Steed, 2006). Moreover, some evidence suggests that landmark information is more
effective when provided in photographic form than in text instructions or text and vocal instructions (Goodman,
Brewster & Gray, 2005). Nevertheless, providing landmark images as navigation prompts will not be sufficient
enough as a navigation aid. In an empirical study of Hile, Vedantham, Cuellar, Lius, Gelfand, Freszczuk and Boriello
(2008) participants had access to a landmark-based and a map-based mode on a pedestrian navigation system
(Figure 3). The landmark-based mode showed every 30 metres the most detectable landmark, which was based on
the closeness to the navigation path and alignment with the navigation direction. Additionally, an arrow on the
image displayed the correct walking direction. The map-based mode showed a map, that displayed the navigation
route and the location of the participant. After walking a route, the participants concluded that the map function
was easier to use since it was clear when they deviated from the correct walking path. However, the participants
also confirmed that the landmark-based mode was a helpful addition and they saw themselves using it in the
future. In short, landmark images could be a valuable prompt next to a map for improving people’s wayfinding
abilities.
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Figure 3: Examples of map-based and landmark-based modes utilised in the study of Hile et al. (2008).

2.5 LANDMARKS AND DEMENTIA
The improvement of wayfinding due to landmark images can be a valuable addition to pedestrian navigation
systems for people with dementia since they experience navigation deficits. However, studies indicated that
people with dementia have deficits in using landmarks for wayfinding. People with dementia notice less landmarks
and road signs than people without dementia (Rizzo, Anderson & Dawson, 2004). In the experiment people with
and without dementia had to report all landmarks and road signs they noticed during an experimental drive. The
results showed that people with dementia detected less landmarks and road signs. Furthermore, people with
dementia are worse in landmark recognition (Kessels, Doormaal & Janzen, 2011). In the experiment participants
watched a route through a virtual museum that showed objects of toys and non-toys. Although the instruction was
to pay attention to toys, participants with dementia remembered more non-toys than toys. The opposite effect
was observed for participants without dementia. A given explanation is that cognitive deficits affect the ability to
separate relevant from irrelevant information. This explanation would suggest that people with dementia find it
harder to distinguish relevant objects from irrelevant objects. Therefore, people with dementia would find it more
difficult to recognise and select landmark information, and utilise this information in wayfinding.
Additionally, dementia declines the ability to remember landmark locations and the temporal order of landmarks.
Cherrier, Mendez and Perryman (2001) let participants with and without dementia perform a route learning test
which showed that people with dementia performed worse on learning spatial relations, recalling walking routes
and recognising landmarks. These deficits make it less likely that landmarks would be an effective navigation
prompt for people with dementia.
Nonetheless, Liu, Hile, Borriello, Brown, Harniss, Kautz and Johnson (2009a) proved that landmark images are also
an effective wayfinding prompt for people with dementia. In their study they presented their participants with two
types of directions: landmark-based and turn-based. The landmark-based directions consisted of landmark images
with instructions and the turn-based directions consisted of icons with instructions. Examples of the used icons are
a stop sign and an arrow. All participants had cognitive impairments and had to use both directions on two routes.
From the results they concluded that the landmark-based directions were more effective than the turn-based
directions. The landmark images made clear to participants where they were going and if they were on the correct
path. Thus, landmark images appear a good navigation prompt for people with dementia. Nevertheless, their study
also indicated that the landmark directions required a higher cognitive effort than the turn-based directions since
people had to compare the images with real environments and recognise the landmarks. In short, the landmark
images were a better support for wayfinding than turn-based directions but required more cognitive effort due to
that the landmark images had to be remembered and recognised in the environment. Therefore it is important to
tailor landmark images in such a way that the cognitive load is minimised for the users. Fang, Zhang and Shaw
(2012) mentioned that improvements are necessary in pedestrian navigation systems to diminish the cognitive
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load of recognising landmark images in the environment. In particular for people with dementia it is important that
low cognitive efforts are needed since their syndrome impaired their cognitive abilities.
When landmark images are tailored to the information process of people with dementia, then the landmark
information should be easier to process and to use in wayfinding. Differences between people with and without
dementia are thereby important to consider since they tend to use landmarks differently in certain situations.
People with dementia link landmarks more consciously to walking directions than people without dementia to
remember the route directions. In the study of Sheenan, Burton and Mitchell (2006) participants with and without
dementia walked around in a familiar neighbourhood with an experiment leader and were asked to express their
thoughts during the route. Participants with dementia were more consciously using landmarks during wayfinding
and consciously linked a landmark to a walking direction. In sum, people with dementia use landmarks differently
in wayfinding than people without dementia. Pedestrian navigation systems should rather adjust landmark images
to the users’ way of thinking in order to be effective and usable for the target group.

2.6 CATEGORY , PRESENTATION AND LOCATION OF LANDMARK
Although studies made clear that landmark images in general positively influence wayfinding, it is unclear what
type of landmark images should be used to be most effective for users in performing a navigation task. In certain
environments there are multiple landmarks located that provides the opportunity to select the landmark that is
most effective as navigation prompt. Hile et al. (2008) argued that the choices of landmarks influence the success
of the navigation aid. Additionally, Beeharee and Steed (2006) argued that images containing landmarks are a
positive addition to navigation systems when “useful” landmarks are used. However, it is still open for discussion
what elements of landmark images support wayfinding of people with dementia. Some examples are given, such
as a specific gate or path that the users have to walk through. Furthermore, the most effective landmarks could
differ per user group, e.g. for people with and without dementia.
Effectiveness of landmark images may depend on the salience of landmarks and the way they are presented.
According to the landmark theory of Sorrows and Hirtle (1999) landmark salience is the degree of attractiveness
and determines the strength of a landmark. Lynch (1960) explains the salience by the way a landmarks stands out
from its surrounding environment. The larger the contrast between a landmark and its surrounding environment,
the higher the landmark’s salience rate. A landmark with high salience is one that stands out from its environment
and will therefore be easier to notice and recognise than a low salient landmark. Therefore, high salient landmarks
would be more suitable than low salient landmarks for image prompting in pedestrian navigation systems. For
people with dementia, we expected that a high salience is more important for people without dementia because
they have more difficulties with recognising landmarks (Kessels, Doormaal & Janzen, 2011). Thus, for people with
dementia a higher salience maybe needed than for people without dementia to be able to easily detect and
recognise landmarks. There are three categories of landmarks that are based on different types of salience: visual,
semantic and structural landmarks (Sorrows & Hirtle, 1999).
1.

Visual landmarks

Landmarks of this category visually contrast with their surrounding environment. This visual attractiveness
depends on the façade area, shape, colour, visibility and other visual properties such as texture and condition. For
example, a purple building (Sorrows & Hirtle, 1999; Raubal & Winter, 2002).
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2.

Semantic landmarks

The semantic salience is related to the function, meaning or famousness of a landmark, and thus is knowledgerelated (Hamburger & Röser, 2014). For this category, information from the long-term memory is required. The
semantic attractiveness can depend on the cultural and historical importance, explicit marks by signs and other
explicit properties (Raubal & Winter, 2002). Consider, for example, a post office. This landmark is salient because
of its function and not for its visual features since it looks like a normal building. Thus, you need information from
the long-term memory to know its function and notice the post office as a landmark.
The semantic salience of a landmark is additionally influenced by people’s personal background (Röser, Krumnack,
Hamburger & Knauff, 2012). A personal connection with an object can trigger personal memories to a certain time
or event in life and make an object salient. For example, a house where you grew up is no landmark to others but
to you it stands out from the rest of the environment because you have certain memories of that house.
3.

Structural landmarks

The structural salience depends on the prominence of its location within the structure of the spatial environment
(Sorrows & Hirtle, 1999). In 1960, Lynch described several structural landmarks: nodes, boundaries (edges) and
regions (districts). Nodes can be important points in the structures, such as intersections, squares or bridges.
Boundaries are important barriers in the structure of the spatial environment such as rivers and walls. Regions are
on a larger scale such as quarters and districts (Raubal & Winter, 2002).

2

Figure 4: Examples of a visual (left), semantic (middle) and structural landmark (right) .

In Figure 4 examples are provided of each category. To which of the three categories a landmark belongs to,
depends on its most dominant quality. A landmark could also posses more qualities and consequently fit into more
categories. According to Sorrows and Hirtle (1999) the more categories a landmark fits into, the higher the salience
of the landmark. Based on this assumption, Nothegger, Winter and Raubal (2004) made an algorithm to determine
the most salient landmark. In this algorithm the salience of a landmark was calculated by rating its salience on all
three categories and taking the average of these three numbers (Raubal & Winter, 2002). This algorithm correctly
indicated landmarks with a high salience; however, the user survey showed that the algorithm did not always
select the landmark with the highest salience. For example, at an intersection with two landmarks the algorithm
was able to recognise both objects as high salient. Nevertheless, when choosing the most salient landmark on that
intersection the users chose a different landmark than the algorithm chose. In short, the algorithm is able to
distinguish low salient from high salient objects, however is unable to detect the landmark with the highest

2

http://straatkaart.nl/4331GJ-Dam/media_fotos/nederland-hollande-netherlands-walcheren-middelburg-dam-RsW/
http://adsoftheworld.com/sites/default/files/images/dexter.jpg
https://beeldbank.rws.nl/MediaObject/Details/256212

12 | P a g e

salience. This disability to select the landmark with the highest salient suggests that the algorithm by Nothegger,
Winter and Raubel (2004) insufficiently predicts the salience of landmarks.
In a second study, Nothegger, Winter and Raubal (2009) proposed that the visibility features of landmarks are the
most important factor for a landmark’s salience. Based on this assumption, Fang, Li, Zhang and Shaw (2012) tried
to improve the algorithm and weighted the visual salience twice as high as the semantic and structural landmark
salience. Weighing the visual salience twice as high implies that landmarks with strong visual features are more
salient than landmarks of the other categories. As a result, visual salient landmarks would stand out more than the
others and would be the most effective in supporting wayfinding; nevertheless this algorithm was not verified by
user research. In this present study, we investigated which landmark categories are most salient and most suitable
as image prompts. Corresponding to the algorithm of Fang et al. (2012) we expected that the visual features were
the highest contributor to the landmark’s salience, and therefore to most suitable as image prompts in navigation
systems.
For people with dementia, we expected that visual landmarks were more suitable than semantic landmarks since
semantic landmarks require cognitive information processing and dementia impairs these processes. This
hypothesis is in line with the results of Liu, Hile, Borriello, Kautz, Brown, Harniss and Johnson (2009b). In their
study, participants with cognitive impairments used mobile wayfinding aids with landmark-based directions. The
findings demonstrated that users made fewer errors with images of sculptures, which are landmarks with high
visual salience, than images of buildings. Furthermore, in the study of Passini et al. (1995) participants with
dementia made better wayfinding decisions when their information was composed of architectural features that
implies that especially visual information is useful for this group in wayfinding. If this assumption is true then
people with and without dementia would benefit more from visual landmarks than semantic or structural
landmarks as image prompts in pedestrian navigation systems. Participants with and without dementia would both
prioritise visual information, thus there would be no differences between the groups which corresponds to the
study of Sheenan, Burton and Mitchell (2006). In their study, participants walked in familiar environments
accompanied with an experiment leader and had to think aloud. The results showed that participants with and
without dementia paid attention to similar features in the built environments. However, it has not been
thoroughly examined yet if people with and without dementia pay most attention to visual landmarks thus it is still
unclear if visual landmarks are easier to detect than semantic or structural landmarks. Additionally, it is unknown if
this applies to people with and without dementia. The present study tries to gain more insight into which category
of landmarks is most salient and suitable as image prompt and, we expected that this is the visual landmarks
category for people with and without dementia.
Next to the choice of landmarks, the way landmarks are presented to the users on pedestrian navigation systems
could affect the extent to which the images improve wayfinding abilities (making less wayfinding errors and
reaching the target faster). It is expected that the more the images resemble the perceptual environment, the
more likely it is to recognise the showed image in the environment. Therefore, it is important that the landmark
images are similar to the users’ perspective. First, the images have to be taken from the same viewpoint as the
user (Hile et al., 2008; Hile et al., 2009). Second, in some cases the photo should be taken from a position
wherefrom a large part of the landmark is visible (Hile, Liu, Boriello, Grzeszczuk, Vedantham & Kosecka, 2010).
Third, it is better to minimise the amount of images that are presented to the user (Hile et al., 2009). If there is
already a high salient landmark at the end of the street and is already noticeable at the beginning of the street
then show only that landmark as prompt instead of multiple landmarks that are detectable within that street (Hile,
2009). Last, Liu et al. (2009b) suggest that landmark images with much context are most supportive for people with
cognitive impairments in wayfinding. Their explanation is that images with much context such as total street views
are more supportive because they are easier to identify by people with the environment. In other words, images of
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street views should be more effective for wayfinding than close-up images of landmarks. Examples of both are
given in Figure 5. However the study of Liu et al. (2009b) showed doubtful results. People with cognitive
impairments made fewer errors with images of streets, but also with close-up images of sculptures. A
counterargument would be that users need to remember more elements of a context image than a close-up image
before they can compare it with the environment. Therefore an image with less context, such as a close-up image
of a landmark, would be more suitable for people with dementia due to their memory deficits. Thus, it remains
unclear whether close-up images of landmarks or landmark images with much context (street view) would improve
the wayfinding abilities of people with and without dementia in such a way that less wayfinding errors are made
and the target is reached in a shorter amount of time. The amount of context that is most effective could however
differ for people with and without dementia since they use landmarks different in certain situations (Section 2.3
Landmarks & Dementia). Furthermore, the preference for a context or close-up image could additionally differ per
landmark category. These uncertainties will be further investigated in the present study.

Figure 5: Close-up image and context image with landmarks.

Another factor that influences the salience of a landmark is its location in the environment. For a high landmark
salience, the landmarks should be positioned at a location that is easily detectible for the users of the navigation
systems (Hile et al., 2008). This is also applies for people with dementia (Rizzo, Anderson & Dawson, 2004).
Locations for landmarks that were determined as easy detectible are next to the user’s walking path, not behind
trees and in visual field of the user (Hile et al., 2008). To make sure a landmark is in the visual field of the users it is
useful to show landmarks on the images that users have to walk towards too. Thus, when users should walk
straight ahead then it would be best to show a landmark on the image prompt that is located in front of the user
(Liu et al., 2009a). Furthermore, when users should take a turn then it would be best to show a landmark on the
image prompt that is located on the same side of the road as the new walking direction (Hile, Grzeszczuk, Liu,
Vedantham, Kosecka & Boriello, 2009). According to these assumptions, the location of the landmark in the
environment affects the salience of that landmark. Furthermore, we discussed earlier that people with dementia
find it more difficult to detect landmarks in the environment which makes the easiness to detect a landmark more
important for this group, and since the location of the landmark influences the easiness of detecting the landmark
the location is more important for people with than without dementia. In sum, the effectiveness of a landmark
image as an image prompt in pedestrian navigation systems is likely to be influenced by three categories: the
salient category of the landmark that is presented in the image, the way a landmark is presented in images and the
location of the presented landmark in the environment.

2.7 RESEARCH QUESTION
The goal of this study is to provide guidelines for pedestrian navigation systems that support wayfinding for people
with mild dementia. As a result of the improved wayfinding abilities, people would be less dependent on others for
travelling which would in particular be interesting for people with dementia. Landmark images improve wayfinding
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when they are utilised as navigation prompts (Liu, 2009a). To make this process successful, it is important that the
landmark images resemble the perceptual environment of the user. The landmark should be easy to notice and
recognise in the environment so the cognitive effort of processing the information from the image prompt is
minimised. This way it is easy for users to incorporate landmarks into their wayfinding to improve it. However it is
still unclear what type of landmarks should be used and how they should be presented in navigation systems to
improve wayfinding for people with and without dementia. The present study investigated these uncertainties
based on the following research questions:
1.
2.

What landmarks should be presented on images in pedestrian navigation systems to improve wayfinding
for people with and without mild dementia?
How should landmarks be presented on images in pedestrian navigation systems to improve wayfinding
for people with and without mild dementia?

To answer these research questions, three aspects of landmark image prompting are investigated: the salient
category of the landmark that is presented in the image, the presentation of a landmark, and the location of the
presented landmark in the environment. Furthermore, there is investigated if these aspects differ for people with
and without dementia. In the present study, the participants consist of seniors which means that the results will
apply to seniors with and without dementia instead of people of all ages.
First, salience of landmarks is expected to be influenced by the category of the landmark which can be visual,
semantic, and/or structural. These different categories probably have a different impact on the salience of a
landmark which influences the suitableness of the landmark as image prompt in navigation systems. The images
that are presented in navigation systems should improve wayfinding. The expectations of the present study were
that visual landmarks are more salient than semantic and structural landmarks for people with and without
dementia which makes visual landmarks easier to recognise in environments and more successful as an image
prompts. This hypothesis is in line with the assumption of Fang, et al. (2012) who suspected that the visual
features of landmarks contribute more to the landmark’s salience than the semantic and structural features,
although this assumption was never empirically tested. Furthermore, the study of Passini et al. (1995) showed
that people with dementia made better wayfinding decisions when they exclusively used visual information from
the environment. People with and without dementia could benefit most from the same landmark category as
image prompts, as shown by Sheenan, Burton and Mitchell (2006). They demonstrated that the participants with
dementia paid attention to similar features in the built environment as the participants without dementia. Since
people with dementia seem to pay attention to similar features as people without dementia, we expected that
both groups paid most attention to landmarks with visual features and that these would therefore be most
suitable as navigation prompts. This hypothesis was tested by four different tasks that participants with and
without dementia had to execute:
1. Drawing a cognitive map;
2. Describing a route;
3. Executing a route;
4. The navigation task.
The first three tasks made it possible to investigate to which extent landmarks were incorporated in the cognitive
maps and/or used in planning or executing a route. Furthermore, the tasks enabled to study which category of
landmarks was most often utilised by the participants and why certain landmarks were utilised. The last task
involved a navigation task where participants were presented with image prompts that contained different types
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of landmark categories. This task enabled us to investigate which category of landmarks is most suitable for image
prompting and why. Moreover, within the results of all four tasks the differences between participants with and
without dementia were investigated to determine if different landmark categories should be used in different
groups as image prompts to improve wayfinding.
Second, the presentation of a landmark in an image influences the effectiveness of recognising the image in the
environment. The images should resemble the perceived environment to be effective as navigation prompts.
Images could be presented with much context, which includes a total street overview, or with no context, which
only shows the landmarks in isolation. Images with much context should be easier to recognise in the environment
since there are many items to recognise. However, there are more items on the image to be stored in short-term
memory before they can be recognised in the environment. This would mean that storing images with much
context in short-term memory would require high cognitive efforts although recognising the items in the
environment requires low cognitive efforts. For close-up images with no context the opposite would imply. Closeup images would require low effort to store only one item in the short-term memory although high cognitive effort
to recognise the item in the environment. There are pros and cons of presenting landmarks with much context or
as close-ups in images on navigation systems.
In the present study, the expectations are in line with the theory of Liu et al. (2009b) who discuss that images
with much context would improve wayfinding more than close-up images because they are easier to identify in
the environment. Furthermore, it is unclear if there are differences to be expected between people with and
without dementia. Though, landmark images with much context could be confusing for people with dementia
since they find it more difficult to distinguish relevant from irrelevant information (Kessels, Doormaal & Janzen,
2011). Thus, for people with dementia it would be more difficult to detect landmarks in images that include much
context. If it is unclear what information in the image is useful then the added value of image prompting could be
lacking for this target group. These speculations assume that context images would be more valuable for people
without dementia and close-up images for people with dementia. In the present study this hypothesis is
investigated by letting participants execute two tasks:
1. Determine the usability of the image prompts of the Happy Travel;
2. The navigation task.
The Happy Travel images were evaluated since this currently involves images from Google Street View that involve
much context. The user satisfaction of the images prompting in the Happy Travel prototype would provide more
information about the strengths and weaknesses of context images. The navigation task let people experience
navigation prompts of images that included landmarks with much context (street view) and without context (closeup). This task provided information about the type of landmark presentation that is most suited for image
prompting and why. Moreover, differences between participants with and without dementia were investigated to
determine if landmark images should be presented differently in navigation systems for people with and without
dementia to improve wayfinding.
Third, locations of landmarks in the environment influence the landmark’s salience and therefore its effectiveness
as a navigation prompt. Aligned with the literature, we suspected that the most effective landmarks are landmarks
that are easiest to detect by users in the environment (Hile et al., 2008). Thus, the landmarks should be located at
easy detectable locations which implies that it will take a short amount of time and effort to detect the landmark.
Examples of easy detectable landmark locations for people with and without dementia are next to the walking
path of the route, not behind trees and in the direction as where the walking route is heading (Hile et al., 2008;
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Rizzo, Anderson & Dawson, 2004). In the present study we further examined what locations make landmarks easy
to detect for people with and without dementia. Since people with dementia find it more difficult to recognise
landmarks in environments (Kessels, Doormaal & Janzen, 2011), the easiness in detecting a landmark is even more
important for this group. The effect of the landmark’s location on the notability of the landmark and therefore
the suitability as image prompt was investigated by the navigation task whereby was expected that the location
of the landmark affects the suitability of the landmark as image prompt in navigation systems. Furthermore,
differences between participants with and without dementia were investigated to determine if different landmark
locations have a dissimilar effect on wayfinding of people with and without dementia.
By investigating these three aspects we tend to provide more insights on how to improve landmark-based
navigation systems. Moreover, the results were additionally investigated for seniors with and without dementia
separately which made similarities and differences between the two user groups visible. The similarities and
differences that were found gained knowledge about which image prompts in landmark-based navigation systems
were most suitable for each user group. These improvements should reduce the wayfinding errors and travel time
of users for reaching a destination which makes them less dependent on others for travelling. The results
additionally led to guidelines for people with dementia and their informal givers who use the Happy Travel.
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3. METHOD
There is a limited amount of information on effectively incorporating landmarks in image navigation prompts
which required the present study to have an explorative approach. Applied qualitative/ethnographic research
methods were used that enabled this study to examine which landmark images are most effective as navigation
prompts and why these images are more effective than others. The three aspects that were investigated were the
category, presentation, and location of landmarks. First, according to the hypothesis, visual landmarks would be
more effective in image prompting than semantic or structural landmarks. Second, we expected that landmark
images that incorporated much context would be more effective as image prompts. Third, we expected that the
location of the landmark affects the detectability of landmarks in their environment and influences the suitability
of being used in image prompts. These are the hypotheses.

3.1 D ESIGN
The procedure contained seven parts. There were two questionnaires that participants had to fill in. Two parts
contained answering questions verbally. Two parts involved a wayfinding interaction task with Google Street View.
One part contained a drawing assignment. The sample was balanced on two conditions (gender x dementia). The
participants consisted of four males with dementia, four females with dementia, four males without dementia and
four females without dementia.
Ethical and practical issues had to be taken into account when interviewing people with dementia. In general, it is
more challenging to gain access to the thoughts and experiences of people with dementia than without, since they
have more difficulties with cognitive processing and expressing their thoughts (Nygård, 2006). Additionally, people
with dementia find it more exhausting to process and answer questions. Therefore, it was important to keep the
cognitive effort of the interview low in order to avoid a cognitive overload by participants with dementia. To
prevent discomfort for participants the interviews were limited to a duration of 60 minutes, had a five minute
break and included interactive tasks to make the interview more fun. Furthermore, it happened occasionally that
the informal caregiver or interviewer helped the participants with dementia with answering the questions.
An expert in dementia of the care centre Baarn-Soest (The Netherelands) was consulted if it was better to split up
the interview into two sessions of 30 minutes instead of one session of 60 minutes to lower the cognitive effort.
The expert’s recommendation was to minimise the procedure to one session since 60 minutes were not too
extensive and participants could experience stress by having an appointment with an interviewer. This stress
experience was minimised by scheduling one session instead of two. In addition, the interviewer tried to make the
participants feel at ease. Before the interview started we made clear to the participants that they were not judged
and that the only purpose of the interview was to gain information. We emphasized that this interview was
voluntary and that they could leave whenever they liked. Then we made clear that they were not obligated to
participate in certain parts or the whole interview if they did not want to. When a participant mentioned that they
found the task difficult or tiring, we asked if they wanted to pursue or stop with the task. Several tasks were too
difficult for some participants to complete; for example the navigation task was not always fully executed by
participants. A consent form was signed by all participants to make sure that the participants consented with
conducting the interview. However, it is debatable if people who have cognitive deficits are aware of their
informed consent (Suijkerbuijk, 2013).
Furthermore we decided to equalise the number of males and females per group to avoid gender as a confounding
variable. An equal division between males and females is important in studies that involve spatial abilities since
they involve differences between men and women (Lawton, 2010). Differences between gender are proven on
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multiple spatial abilities such as mental rotation, spatial perception, spatial visualisation, memory for object
locations and dynamic spatial ability. Additionally, men and women employ different wayfinding strategies.
Women seem to pay more attention to landmarks and associated route turns while men are more focused on
distances and global cues such as the direction of the sun. As a result, women refer more often to landmarks when
they are communicating wayfinding directions. Another difference is that men create larger cognitive maps than
women. Since wayfinding differences are typically found between males and females there is an equal distribution
between males and females if the sample of the present study to avoid biases and differences in the results of the
present study between males and females are analysed.
Additionally, age was approximately equal between the groups with and without dementia since age influences
the wayfinding abilities and we wanted to exclude that the differences were biased because of age differences.
Thus, that the behaviour differences between people with and without dementia are not caused by age difference.
For example, older adults find it more difficult to recall landmarks, recognise environmental scenes and learn a
route (Head & Isom, 2010). In the present study the participants consisted of seniors with and without dementia.
Because an older age group was chosen is it possible that the results will not apply to all age groups.

3.2 PARTICIPANTS
The sample consisted out of sixteen participants that were divided into two groups. The first group comprised
participants without dementia (n=8) and the second group comprised participants with a mild form of dementia
(n=8). With a mild form of dementia we mean people that are in the third and fourth stage on the Global
Deterioration Scale that involve a mild to moderate cognitive decline (Appendix A). A percentage of these
participants was additionally involved as participants in the Happy Walker project and recruited by the care
provider ‘Zorgpalet Baarn-Soest’. For the Happy Walker project, ten participants conducted a two month trial.
After the first month of the trial, we visited the participants to update the Happy Walker application and conduct
this research. As a result, this group possessed knowledge and already formed opinions about the Happy Travel
app – the navigation system of the Happy Walker - wherein Google Street View images are incorporated as
navigation prompts. Therefore these ten people were also asked about their experiences with the Happy Travel
app and in particular the provided Street View images. Unfortunately, the function to incorporate self-made
photographs in the Happy Travel was not working during the trial. As a result, the usability of this function could
not be examined. The six remaining participants were recruited by contacting meeting places for older people with
dementia.
Table 1: Overview of participants who were involved in the Happy Walker project.

Group without dementia

Participated in the Happy Walker project:
Yes
No
n=6
n=2

Group with dementia

n=4

n=4

The demographic characteristics of the participants were balanced to avoid biases in the results. There were no
age differences between the groups that could influence the results. Both groups consisted of seniors, and the
3
average age of the group without dementia was 74.9 years (SD=9.2) and the average age of the group with
dementia was 73.6 years (SD= 7.8). There is no statistical difference between the two groups t(13)=.28, p=.78.
Additionally, a majority of the sample lives in the same living area, namely Baarn-Soest-Hilversum. There were
3

There was one age missing in the group without dementia.
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however two exceptions, one in each group, who lived in a different area. Furthermore, the gender was balanced
by having an equal division of males and females in each group (Table 2).
Table 2: Male and female ratio in the sample.

Group without dementia

Males
n=4

Females
n=4

Group with dementia

n=4

n=4

3.3 MATERIALS
A voice recorder was used to record the dialogs in the interviews. The recordings made the data less vulnerable for
inaccurate interpretation and made it possible to use quotes in the result section.
For the last two tasks, 3.4.6 Executing a route and the 3.4.7 Navigation task, a HP EliteBook 8530w laptop was used
to let participants walk through a virtual environment. This virtual environment was enabled by the Street View
function of Google Maps which provides a 360ºpanoramic view of an environment (Google Inc, 2015). To move
through this virtual environment the participants used the arrow keys of the laptop. A mobile WiFi-hotspot with
mobile broadband was utilised to provide internet access for the task of executing a route and the navigation task.

3.4 M EASUREMENTS
The interview consisted out of seven parts that are further discussed in this section.

3.4.1 COGNITIVE ABILITY TEST
All participants conducted a questionnaire to test their cognitive ability to be certain that there were cognitive
differences between both groups. This test gave evidence that the group of people with dementia indeed
consisted of people with cognitive deficits. There are multiple tests to diagnose dementia such as the Mini-Mental
State Examination (MMSE), Clock-drawing test and Abbreviated Mental Test Score (AMTS; Sheehan, 2012). The
Memory Assessment Clinics Self-Rating Scale (MAC-S) was selected which enables participants to rate their
memory capacities for everyday situations (Crook & Larrabee, 1990). The questionnaire was revised by Vilans to
only fourteen questions that were answered on a 5-point Likert scale. As a result, the test did not take much time
or effort for the participants to become a burden. The revised version of the MAC-S is added in Appendix B.

3.4.2 SPATIAL ABILITY TEST
A spatial ability test was included in the interview to determine the spatial ability differences between the groups.
Differences can influence the way participants answered questions or executed tasks that involved spatial
reasoning. The test was based on the Maps and Plans component of the Spatial Reasoning Ability Tests of Newton
and Bristoll (n.d.). However, the test is generally utilised for emergency services, military and law enforcement jobs
which require exceptionally high spatial abilities; therefore, the test was adjusted to match the level of spatial
ability of the participants. The test contained six multiple choice questions whereof the first three questions
referred to a simplistic map and the last three questions to a map with more detail. Both created maps contained
the most commonly used Dutch street names (Postcode data, 2014). The test is shown in Appendix C: Spatial
ability test.

3.4.3 EVALUATION OF THE HAPPY TRAVEL
As was mentioned in Section 3.2 Participants, there were ten participants who additionally participated in the
Happy Walker trial. The participants were asked about their experiences with the Happy Travel and the image
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prompting that was presented in the Happy Travel. In this application the navigation system showed an image of
the environment that was +/- 200 meters in front of them on the route. Participants were asked which prompt
they preferred and used most often: the map, arrow or images. Furthermore they were asked if they used the
Street View images and if they thought that these images were useful. To assist the participants with providing
their opinion there was a screenshot of the Happy Travel printed out that they could use for their answer (Figure
6). Although the prototype of the Happy Walking was not completely working, participants were still able to form
an opinion about their first experiences with image prompting. A shortcoming of the system was that the images
were occasionally not available or were shown too late; for example, when a participant had already walked past
the showed environment.

Google Street View images
Arrow
Map

Figure 6: Screenshot of Happy Travel that shows three sort of prompting: map, arrow and images.

3.4.4 DRAWING COGNITIVE MAPS
Participants were asked to draw an overview of a familiar environment to get a better understanding of their
cognitive representations of the environment and, how landmarks are incorporated in their cognitive maps (Lynch,
1960). Everyone was provided with a blank A3-paper and a set of colouring pens and asked to draw an overview of
an environment of choice. An environment of choice was selected to let people choose an environment they were
familiar with. This choice made the task less demanding for people with dementia since they were also allowed to
choose the environment that they grew up in as a child. When participants were finished with the task we asked
two times if they could add more to their drawings. This was asked to make sure that a significant part of their
cognitive map was represented in the drawing. These drawings made it possible to gain insight into how and which
landmarks are incorporated in peoples’ cognitive maps. Additionally, differences between the sketch maps of
people with and without dementia were observed. Elements of the drawing that were compared between the
groups were: the number of landmarks, category of landmarks, pixels on paper, used square on paper, number of
elements and scale of the environment.

3.4.5 DESCRIBING A ROUTE
By letting participants describe a route, we aim to gain more insight into which and how significant landmarks are
used when planning and communicating a route (Götze and Boye, 2013). Participants were asked which place in
their neighbourhood they visited regularly and how they reached that place. The answers were studied for the
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significance of landmarks in planning a route, what type and category of landmarks are used, why people
described certain landmarks and in what part of the route landmarks were more often described.

3.4.6 EXECUTING A ROUTE
In this part the participants executed the same route as was planned in Section 3.4.5 Describing a route. The
purpose of this part is to observe to what features in the environment people pay attention to in wayfinding. We
examined if landmarks are a significant part in wayfinding and what category of landmarks are utilised. The first
intention was to execute the route by foot. However, the weather conditions were not optimal and several
participants were not mobile enough to go for a fast and short walk. After executing the first route by foot, we
decided to execute the following routes in a virtual environment. The virtual world would take a significantly
smaller amount of time to execute the route, and still enable to observe to what features in the environment
people pay attention to in wayfinding.
The virtual environment was enabled by Google Street View on a laptop. The participants could move their
position in the environment by using the arrow keys. This approach is faster than executing the walk in real life
since you take large steps in Google Street View without any effort that enables the user to make a long ‘walk’ in a
short amount of time. Additionally, the virtual environment safeguarded the internal validity since each participant
was presented with the exact same environment; in contrary to the real world that constantly changes. However,
Google Street View has the disadvantage that people feel less present in created 2D-environments than in real
environments. Moreover, for some participants operating the arrow keys to move felt unnatural since they had no
previous experience with it “It is quite difficult to take a turn with the arrow keys (P12.D)”. Furthermore, moving
through Google Street View happens in large steps which makes it easier to miss objects in the environment. Other
limitations are discussed in Section 5.3 Limitations. Nevertheless, there were some moments where participants
experienced a sense of presence in Google Street View. For example, two participants were scared that they would
collide into another vehicle if they did not stop moving and some participants had the tendency to stop at a red
light “There is a traffic light that is red! Oh no, well then I will just go straight ahead (P12.D)”.

3.4.7 NAVIGATION TASK
In the navigation task participants navigated through a virtual environment of Google Street View which enabled
participants to navigate through many different environments in a short amount of time.

Figure 7: Example of a direction that was utilised in the navigation task.
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Participants were aided by directions provided on paper (Figure 7). Every direction consisted of a route instruction
and image. The route instructions provided information of which street they had to turn left or right, for example
“Take the first street on the left” or “Take the second street on the right”. The written instructions included no
distances or landmarks. Distances are difficult to approximate in Google Street View since one step is +/- four
metres. In the study of Liu et al. (2009a) participants suggested that the name of a landmark should only be
referred to in limited cases such as describing a destination, therefore landmark names are left out of the
instructions. The images consisted of images from the intersection where they had to turn left or right and always
contained a landmark. There were four different types of images: no images, context image, close-up image of a
visual landmark and, a close-up image of a semantic landmark. Examples of the four instruction types are
presented in
Figure 8.
1.

No picture.

2.

Context picture.

3.

Close-up image of
a visual landmark.

4.

Close-up image of
a semantic landmark.

Figure 8: Examples of the four different types of images.

All images that were used in the navigation task are displayed in Appendix D: Landmark images of the navigation
task. Close-up images of structural landmarks are left-out since they often contain a large amount of context so
that they turn automatically in context images, such as a bridge, plaza and roundabout.
There were four routes that each contained five instructions, thus a total of twenty instructions were given to the
participants. Each instruction indicated the intersection where participants had to change their walking direction.
After participants changed their walking direction, they were provided with a new instruction. All instructions
consisted of different types of images. There were also three different types of images per intersection that made
it possible to have three clusters of images. This way not all participants received the same image at the same
intersection. In Appendix E: Division of presented images between participants is showed which participant
received which image at what intersection. All images were taken in two cities in the Netherlands: The Hague and
Arnhem. Both cities contain many landmarks and are located outside of the region Baarn-Soest. Images were taken
at eye height of a pedestrian.
Before the instructions were given we mentioned that the participants represented pedestrians in the virtual
world and that they could ignore traffic or traffic signs. Participants were asked to think out loud in order for the
interviewer to know what they were thinking of. Additionally, questions were asked to gain more insight into the
participant’s thoughts and decisions. Examples of questions that were posed, e.g. included: Which direction do you
think you have to go to? What are you searching for? Where are you looking at? How certain are you about your
decision? How did you knew that you had to take this direction?
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Participants received the instructions one by one on paper by the interviewer. When participants chose a wrong
direction then that route was stopped and a new route was started. This way, participants were unaware of their
mistakes which could otherwise affect their behaviour.
The goal of the navigation task was to answer the three following questions. First, are directions in wayfinding
more effective with or without landmark images and why? Second, what category of landmarks is most effective to
provide as image prompting in navigation systems and why? Third, should landmark images be presented with
much or less context to be effective navigation prompts and why? When examining these three questions, we was
also investigated whether there are differences between people with and without dementia.

3.4 PROCEDURE
All interviews were conducted individually and took on average 60 minutes per interview. Eleven interviews were
held at the participant’s home, four at the community centre and one interview was held at the place where the
participant was a volunteer. Familiar environments for the participants were chosen to make them feel
comfortable and free to give their opinion. The ten participants that were additionally involved in the Happy
Walker trial filled in the cognitive ability questionnaire beforehand in their own time at home.
Before the interview started, both the participant and interviewer introduced themselves to each other. The
purpose and procedure of the present study were explained. Next, the rights of the participant were clarified and
the consent form was signed. After that, participants were asked if they had no objection with their voices being
recorded. The chronological order of the interview was the following: First, describing a route. Second, the
cognitive ability test, although this step did not apply to participants who were involved in the Happy Walker trial
since they already filled in the questionnaire at home. Third, the spatial ability test which contained six questions.
In some cases a participant was not able to execute all questions. When the first three questions were answered
incorrectly then we ignored the last three questions in the test. These last three questions involved a more
detailed map and required a higher level of spatial ability. The goal of this task is to give a rough estimation of the
level of spatial ability of a participant and this goal was reached when a person was inadequate to answer the
three less demanding questions. Therefore, letting a participant struggle with the other three remaining questions
was unnecessary. Fourth, if the participants were involved in the Happy Walker trial then they evaluated the
Happy Travel – navigation system of the Happy Walker. Fifth, drawing a cognitive map. Next, there was a short
break where the notebook could be set-up. When Google Street View was set-up, the participants had a couple of
minutes to get familiar with the arrow keys. Then, participants executed a route and conducted the navigation
task. After the last task, participants were asked if they wanted to add something to their answers and then the
interview was stopped. Participants were thanked and received a small incentive in the form of a chocolate bar.

3.5 DATA ANALYSIS
A qualitative content analysis was used for analysing the data which involves using a coding frame for structuring
the findings (Schreier, 2012). The coding frame was based on the structure of the questions and tasks in the
interview. After the interviews were held the coding frame was adjusted to the findings of the present study. Thus,
the coding frame was based on questions and answers of the interviews. This coding scheme was checked by an
external person to test its validity. The qualitative data analysis software QDA Miner (version 4.1.21, Provalis
Research, 2004-2014) was utilised for processing the acquired data into the coding frame.
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4. RESULTS
Data was collected from sixteen interviewed participants. In this section, the results are discussed per
measurement task. For each task the differences between people with and without dementia were examined.
Statistics and quotes of participants supported the results. The present study has an explorative approach;
therefore, the statistics are used to provide implications and not to prove significant effects. Quotes are labelled
with the participant’s number followed by a letter that indicates if the participant suffers from a mild form of
dementia (D) or not (N). For example, participant 8 had no form of dementia and will be labelled as P08.N. At the
end of the section, differences in gender will be explored.

4.1 RESULTS OF THE STUDY DISCUSSED PER TASK
Most participants in the present study were dependent on others for travelling to unfamiliar places. Six
participants with dementia believed they were unable to travel individually to an unfamiliar place. Four of them
always relied on their informal caregiver “Well I would not go alone (P14.D)” and two avoided unfamiliar places “I
should also mention that I prevent that (P09.D)”. This implies that people with a mild form of dementia already
depend on other for travelling to unfamiliar areas. The following findings give more insight into how people use
landmarks and which type of landmarks should be incorporated into landmark based pedestrian navigation
systems.

4.1.1 COGNITIVE ABILITY TEST
Results of the cognitive ability test showed that participants with dementia had a lower cognitive score than
people without dementia. The answers on the 5-point Likert scale of the revised MAC-S were set from a low to a
high cognitive score whereupon the average scores per participant were measured. The average score for people
without dementia was 3.36 (SD=0.24) and for people with dementia 2.64 (SD=.72). An independent t-test showed
that people without dementia had a significantly higher cognitive score than people with dementia t(7.35)=2.49,
p=.04. As a result, differences in behaviour between the groups in other tasks may be explained by the effects of
dementia.
There were two missing scores. One participant did not fill in the form and we determined the other participant’s
answers as unreliable. We saw the self-rated score as unreliable because it was the highest score of the sample;
however, this person suffered from dementia and during the interview the behaviour of the participant showed
contradicting cognitive abilities.

4.1.2 SPATIAL ABILITY TEST
The spatial ability test showed different levels of spatial orientation between the participants. The average
percentage of correct answers of participants without dementia was 87.25% (SD=7.87%) and of participants with
dementia 35.25% (SD=36.04%). Within the sample, people with dementia had significant lower spatial capacities
than without dementia t(7.67)=3.99, p<.00. The scores of people with dementia were scattered which resulted in a
high variance between participants. The result of the spatial ability test between the participant groups showed
that people with dementia have lower spatial ability score than people without dementia. Furthermore, during the
test it seemed that participants with dementia performed worse because they found it more difficult to
understand the total overview of the provided map and were more focussed on the details. For example, a
participant with dementia was unable to detect the school in the map because she was only focused on a street
that was one block away from the school. This could be explained by the affected anterior medial temporal lobe
and the anterior hippocampus that diminished the ability of constructing allocentric representations of the
environment (Lifthous, Dufour & Després, 2013) which was required to complete this task correctly.
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4.1.3 EVALUATION OF THE HAPPY TRAVEL
The attitudes on the Happy Travel were measured and analysed by a coding frame. These results provided an
overview of the user satisfaction of landmark images with much context, as image prompts in pedestrian
navigation system. The coding frame for this task is demonstrated in Table 3.
Table 3: Coding frame for the evaluation of the Happy Travel (the black numbers= participants without dementia,
blue numbers= people with dementia).

Code
Usage of Happy Travel
 Used the Happy Travel
 Not used the Happy Travel
Usage of image prompting in Happy Travel
 Used the images
 Not used the images
Usefulness of image prompting within Happy Travel
 Find it useful
 Do not find it useful
Way of using the image prompting in the Happy Travel
 Used as main prompt
 Used as an addition
Purpose of the image prompting
 Main aid for walking direction
 Confirmation of walking direction
Negative attitudes about image prompting
 Images were not always available
 Images were displayed too late
 Images not always recognisable
 Stream of images was confusing
 Stream of images was too much information
Positive attitudes
 Images were easy recognisable
 Missed images when they were not available

Participants
1
5

2
6

3
8

4
9

7
10

14
11

15
12

1
7

2

3

4

7

14

15

3
1

4
2

7
7

14

15

3

4

7

15

3

4

7

14

15

1
15
2
1
7

3

4

7

15

13

16

14

15
4

There were ten participants who participated in the Happy Walker trial. However results showed that only seven
participants used the Happy Travel – navigation app of the Happy Walker - to such an extent that they recognised
the printed screen shot of the Happy Travel and were able to provide an opinion about the Happy Travel. All seven
participants used the image prompting. Nonetheless, participant 7 without dementia stopped using the images
after he was not satisfied with the usefulness.
The opinions were divided on the usefulness of image prompting within the Happy Travel. Five participants
evaluated the image prompting as useful. “That is very enlightening (P14.D)”. Four of these participants used
image prompting as an additional feature to the navigation system. The information that was gained from the
images was used to confirm their walking direction and gave participants reassurance about their wayfind choices.
“So it confirms in fact that you are in a certain place. Well that can help (P07.N)”. Three participants evaluated the
image prompting as not useful. “You cannot turn that photo function off, can you? (P01.N)”. There were positive
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and negative attitudes formed about image prompting. All seven users mentioned one or more negative aspects
and two users shared a positive aspect. Images were not always available. “Often there is no photo available so yes
you cannot do anything with that too (P01.N)”. Participant 4 adds that she misses the images when they are not
available. “Well I’ve noticed that sometimes it shows that there is no image available or something and then I miss
it and I think oh that’s a pity (P04.N)”. Images were regularly displayed too late thus participants were shown an
environment that they had already passed by and were therefore irrelevant for reaching their destination. “The
system is behind with receiving or searching for information on buildings. ... So that is too late (P15.D)”. According
to participant 2 the images were not always recognisable. “It is always blurred in the background. It is not really
clear (P02.N)”. This opinion contradicted the attitude of participant 15 who reported that the images were easy to
recognise. “Especially here [around this neighbourhood], they are easily recognisable. (P15.D)”. During navigating,
the images of the Happy Travel constantly changed to display an environment that is further on the route. The
changes in images during executing a route was mentioned in the coding frame as “a stream of images” (Table 3).
Participant 1 reported that the constant changes in images were confusing and participant 7 found it too much
information. “I don’t need to have a constant film of the route. When you constantly need to look at the device then
you are so confiscated by watching on your device. Well I know how I will come home, with poop on my feet! I was
not able to pay attention to anything (P07.N)”.
If we only focus on participants with dementia then there were four participants who were involved in the Happy
Walker trial. Two of them had used the Happy Travel and recognised the navigation layout. The participants who
did use the Happy Travel (participants 14 and 15) found the image prompting useful and participant 15 mentioned
that he used it as an confirmation for his choice of walking direction “I think that it is additional information
wherein say my choice is confirmed (P15.D)”. However, there were also negative aspects mentioned and
participant 14 did not mention any positive aspects (Table 3).
These results suggest that the image prompting was highly used by the Happy Walker users and most reported
that the images were useful for confirming their wayfinding decisions. It gave the users reassurance about their
choices. The main goal of this task was to evaluate if landmark images with much context are helpful support in
wayfinding. Most participants mentioned negative attitudes towards the images although two of these opinions
were erected by technical deficits that caused unavailability or a delay in the images. Furthermore, there were
mixed opinions about how recognisable the images were in the environment. Participant P15.D reported that the
images were easy to recognise in the environment and participant P02.N reported that these images were difficult
to recognise in the environment. Thus, this task provided no clear attitude towards the suitability of landmark
images with much context in navigation systems. Nevertheless, three participants provided more clarity about the
frequency wherein images should be presented. The three participants disliked the frequency in which new images
were shown because it was confusing and too much information. Constantly updating the images so that the
displayed environment is +/- 200 metres in front of the users is unnecessary. Therefore, the presented images in
navigation systems should change less often, for example only showing an image where the user should change
their walking direction.

4.1.4 DRAWING COGNITIVE MAPS
The environments that the participants drew provided more information about the contribution of landmarks in
their cognitive maps, the categories of landmarks they used and, why they used these landmarks. Fourteen
participants choose to draw their current living environment and two participants with dementia (participant 11
and participant 13) choose to draw the environment they grew up in. The most commonly used starting point was
the participant’s home address.
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There were major differences found between the sketch maps of two groups. In Figure 9, there is an example
given of a sketch map of participants from different groups. All sixteen sketch maps are reproduced in Appendix F:
Sketch maps. The first general difference between groups was that participants without dementia drew in general
bigger scopes of the environment than participants with dementia. This observation can be supported by the
number of drawn elements, pixels and percentage of paper surface used. Participants without dementia drew on
average 43.3 elements and participants with dementia drew on average 15.5 elements. Furthermore, people
without dementia filled a larger space on the paper surface used (694.991 pixels) than people with dementia
(469.982 pixels). Moreover, people without dementia used more paper surface (70%) versus people with dementia
(41%). The larger scopes of the environment suggest that people without dementia are able to construct broader
environmental scopes in their cognitive maps than people with dementia. This difference between participant
groups could be explained by the impaired posterior hippocampus due to dementia that is responsible for the
spatial long-term memory (Lifthous, Dufour & Després, 2013). This deficit causes people with dementia to
remember a smaller scope of the environment with fewer elements. Because people with dementia create
cognitive maps with a smaller scope it would be suitable if navigation systems incorporate landmarks that people
with dementia are able to incorporate in this small scope; therefore, it would be better to incorporate landmarks
that are not located too far away from where the user with dementia is situated.
Second, different drawing strategies were used between the groups with and without dementia. Participants
without dementia mainly seemed to duplicate a map from their memory while participants with dementia used
four diverse drawing strategies. There were three participants with dementia who drew a route and incorporated
elements that were located on that route that they remembered from their long-term memory. Two other
participants utilised the same strategy as most participants without dementia. They seemed to replicate a
cognitive map they created in their mind by information from the long-term memory. Two other participants only
remembered a small number of objects that were located in the environment and only drew these elements on
the paper surface. These observations imply that people with dementia have more difficulty with constructing
cognitive maps and retrieving information from them; therefore, more alternative strategies are used. This
difficulty could be explained by the damaged anterior medial temporal lobe and the anterior hippocampus that
affect the ability to create allocentric representations or cognitive maps (Lifthous, Dufour & Després, 2013).

Figure 9: Example of a sketch map drawn by P03.N (left) and a sketch map drawn by P14.D (right).

Besides the general differences of the sketch maps between groups, Landmarks usage between participant groups
was further investigated. The number of elements that were drawn by participants was counted and classified in
one of the four groups: 1. Landmarks, 2. Buildings without any remarkable features, 3. Streets and 4. Undefined.
On average a participant without dementia drew 13.8 landmarks versus a participant with dementia who drew on
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average 6.3 landmarks. People without dementia additionally drew more other elements such as streets and
buildings without remarkably features. Nevertheless, the proportion of landmark elements in the sketch maps was
higher for people with dementia (41%) than without dementia (32%). It seems that although the sketch maps of
participants without dementia contains more elements, landmarks are more heavily involved in the cognitive maps
of people with dementia. Thus, people with dementia seem to depend more on landmark information and could
benefit from incorporated landmark information in navigation systems.

Number of landmarks drawn

The landmarks were grouped into landmark types. These landmark types were based on the landmark types of
task 3.4.5 Describing a route and 3.4.6 Executing a route. The labelled types were store(s) (e.g. the bakery),
facilities (e.g. gas station or police office), parking area, natural element (e.g. grass court or cows) and traffic
elements (e.g. roundabout or railroad). Remaining landmarks were labelled as “Other”. An overview of the number
of elements that were drawn by participants from both groups is displayed in Figure 10.
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Figure 10: Number or elements drawn on sketch maps per landmark type and per group.

Figure 10 suggests that some landmark types are more incorporated in cognitive maps than others. These unequal
numbers could be caused by the easiness of remembering or paying more attention to certain types of landmarks.
Clearly the most commonly used landmark type is “natural element” that involved among others parks, ponds and
trees. Natural element is the only landmark type in Figure 10 that involve visual features and would suggest that
visual landmarks are highly involved in cognitive maps that are utilised in wayfinding. When visual landmarks are
mostly used in wayfinding then image prompts that involve visual landmarks which mainly contain natural
elements could improve wayfinding decisions. The landmark type that is secondly most drawn is “traffic element”
which involves stairs, plazas, roundabouts and railroads but excludes streets since streets are not considered as
landmarks in this study. Traffic elements consist of structural features; therefore, structural landmarks are the
second most frequently drawn landmark and could be an alternative for visual landmarks if these are not available
in certain environments. The third most frequent landmark type that was drawn was “facility”. Facility is the most
dominantly used landmark type with semantic features and consisted of e.g. churches, schools and stations. This
would suggest that when semantic images are used as navigation prompts that it is more successful to use facilities
since they are most frequently incorporated in cognitive maps that are consulted for wayfinding.
All element types were more frequently drawn by people without dementia with one exception of “other”
landmarks. This type partially consisted of semantic landmarks that did not fit any other category such as a gate,
windmill, association and harbour. However, the largest part consisted of semantic landmarks that involved
personal memories and became a landmark because of this personal connection, e.g. their own house or bench
where they regularly sit. Furthermore, it is the element type that people with dementia drew most often. People
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with dementia thus seem to draw more attention to “other” landmarks which mostly consists of landmarks with a
personal connection. It seems that people with dementia find it easier to store landmark information that they
have a personal connection with.
Furthermore, differences between participants with and without dementia were investigated. Most landmark
types were significantly more drawn by participants without dementia than with dementia. In particular, natural
and traffic elements were drawn more frequent. Moreover, participants without dementia drew more different
types of landmarks. On average people without dementia drew 5.75 different landmark types and people with
dementia 4.63 different landmark types. This suggests that the cognitive maps of people without dementia are
more detailed, contain more elements of each landmark type and are more varied in landmark types than the
cognitive maps of people with dementia. These differences can be explained by the impairment of brain tissues
that people with dementia experience which are responsible for the ability of creating cognitive maps.
Nevertheless, the landmark type that was most often drawn by people with dementia is “other” landmark types
and is mainly caused by the personal connection participant experienced with landmarks. This suggests that
landmarks which contain personal memories or associations are more significant in cognitive maps of people with
dementia than without. For people with dementia, personal semantic landmarks would be a useful image prompts
in navigation systems since these are landmarks that are significantly used as wayfinding information.

4.1.5 DESCRIBING A ROUTE
The route descriptions gave more insight into the impact of landmarks on wayfinding, what categories of
landmarks are often utilised in communicating a route and why. We observed what types of features were
connected to walking directions in the route descriptions. Features were distinguished in landmarks (e.g. turn left
at the supermarket), street names (e.g. turn left at the Dorpsstraat), number of streets (e.g. turn left at the second
street) and other features (e.g. turn left in 500 to 600 metres). Additionally, a subcategory of “no features” was
initiated for communicated walking directions that were mentioned without any feature (e.g. turn left then right).
A coding frame was utilised to analyse the route descriptions and is illustrated in Table 4.
.
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Table 4: Coding frame for describing a route (the black numbers= participants without dementia,
blue numbers= people with dementia).

Code
Features that were mentioned during describing a route
- Landmark
- Street name
- Number of streets
- No feature mentioned only direction
- Other
Type of landmark mentioned
- Store(s)
- Facility
- Natural element
- Parking area
- Traffic element
- Other
Place where landmarks were particularly mentioned
- In the beginning
- In the beginning and at the end
- In the middle
- At the end
- In the middle and at the end
- Evenly divided
Type of landmarks that were mentioned after asking
- Store
- Service
- Natural element
- Traffic features
- Other
Explanation for mentioning a landmark
- Property of themselves or familiar people
- Personal interests
- Personal memories and experiences
- Changes in the environment
- Very noticeable

Participant
1
2
5
1
3

2
6
6
4
6

3
7
12
5
8

4
8
15
10
14

5
10

1
1
8
1
2
2

3
10
14
5
3
10

4
11
16

7
13

16
15

5
11

7
13

8
14

1
5
3

2
8
4

6
10
13

14

15

12
2
4
10
2

13
4
7
12
4

5
10
13
7

10

13

10

13

10
8
1
5
2

4
13
4

5
14
13

10

11

7
11

8
12

13
14

15

10
14

11
15

13
16

14

11

11
7

16

16

12

14

During describing a route, landmarks were mentioned 44 times, street names 34 times, number of streets 7 times
and other features 6 times. As can be seen in Table 4, nearly all participants mentioned landmarks when
communicating directions. One exception is participant 12 with dementia who only mentioned street names and
number of streets. The mentioned features by people with and without dementia are shown in Figure 11. The
graph suggests that landmarks play a significant role in describing a route for both groups since most directions are
combined with landmark information. Next to landmarks, street names are the second most mentioned feature for
describing a route (Figure 11). Seven participants with dementia named streets, which is more than the four
participants without dementia (Table 4). However during the interview, people with dementia had more
difficulties with recalling street names. “Well how is that big avenue and street called here? (P15.D)”. Number of
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15

16

Number of times a
feature is mentioned

streets, other features and no features were rarely used, in particular by people with dementia (Figure 11). From
these findings it can be concluded that landmarks are an important feature in wayfinding by both groups.
Moreover, five participants mentioned that they used landmark information when they got lost and tried to find
their way back. “I pay for instance attention to what there is located in that street. For example here to these
houses. Those are standing here on the side (P11.D)”. These results emphasize the importance of incorporating
landmark information in navigation prompts since it is highly used in wayfinding. Next to landmarks were street
names often mentioned by the participants which assumes that this is important information in wayfinding and,
navigation systems should additionally include street name information to improve wayfinding.
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Figure 11: Number of features mentioned during describing a route.

Number of landmarks
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The landmarks were further investigated to examine what types of landmarks are used when communicating a
route. Landmarks of the same type were grouped under a landmark type. The labelled types were store(s) (e.g. the
baker), facilities (e.g. gas station or police office), parking area, natural element (e.g. grass court or cows) and
traffic elements (e.g. roundabout or railroad). Remaining landmarks were labelled as “other” (Figure 12).
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Figure 12: Number of landmarks mentioned during describing a route per landmark type and per group.

As can be seen by Figure 12, there were big differences between participants with and without dementia in
mentioning landmark types. Traffic elements such as roundabouts were in general mostly mentioned although
especially participants without dementia mentioned these elements often. Traffic elements mainly contain
structural features which suggests that structural landmarks are suitable as navigation prompts for people without
dementia. Additionally, “store(s)” were mostly mentioned by this group. This landmark type consisted of individual
stores, shopping streets and shopping malls, and was considered by us as semantic landmarks due to their
function. The results suggest that images of stores would be only effective navigation prompts for people without
dementia. This hypothesis is in line with the hypothesis that semantic landmarks are not suitable for people with
dementia since it is linked to information in the long-term memory which is impaired by dementia.
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Furthermore, “other” landmarks were frequently mentioned by people with dementia and never by people
without dementia. Four of the six “other” landmarks were mentioned because people had personal memories or
associations with the element: house of a friend, former meeting centre, bench where the participant sits regularly
and own living district. Thus for people with dementia, Figure 12 suggests that semantic landmarks that contain
facilities or personal experiences are often used in wayfinding and would therefore be helpful as information in
navigation systems. Natural elements with visual features were occasionally mentioned by people with dementia
which contradicts people without dementia who only mentioned a natural landmark once. These different results
suggest that visual landmarks are more effective as navigation prompts for people with dementia than without.
Parking areas were hardly mentioned and would not be suitable as navigation prompt. There are two possible
explanations for this low frequency. First, parking areas are a small cluster that only contains parking areas for cars
and bikes although facilities could contain many items such as gas stations, city halls, sport centres, etc. Second,
the study focused on wayfinding of pedestrians wherefore parking areas for vehicles are of little importance.
After describing a route, participants were asked if there were (more) landmarks located on the route. This
enabled the participants to mention landmarks they did not talked about in the first descriptions nevertheless
were a part of their route information. Four participants of each group were able to add more landmarks (Table 4).
Eleven additional landmarks were mentioned by people without dementia and fourteen by people with dementia.
By adding these elements to the graph of Figure 12 all attended landmarks on the route were collected and
presented in Figure 13.
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Figure 13: Combined number of landmarks mentioned after asking per type per group.

Participants with dementia mentioned more stores, facilities, parking areas, traffic and natural elements, and other
landmarks. Participants without dementia mentioned more store(s), facilities, natural elements and other
landmarks (Table 4). After adding the additional mentioned landmarks there were fewer differences found
between the two groups.
As can be seen in Figure 13, differences between the groups became smaller for all landmark types. Nevertheless,
the group that most dominantly mentioned the type of landmark remained unchanged after asking for more
landmarks. From the new graph can still be concluded that people with and without dementia pay attention to
different landmark types. People without dementia paid more attention to store(s) and traffic elements than
people with dementia. One explanation could be that people with dementia are more dependent on others for
travelling and visiting stores if it includes travelling, that they therefore pay less attention to these elements in
daily life. Furthermore, people with dementia mentioned more other landmarks than people without dementia
after asking for more landmarks. It seems that people with dementia pay more attention to landmarks that they
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have a personal connection with. However, the differences between groups are probably not as big as was
expected from Figure 12.
During communicating a route, most participants provided explanations why a certain landmark was mentioned.
These explanations gave more information about why some landmark categories are more salient to people than
others and if these perceived salient landmarks differ per group. An explanation which was mentioned thirteen
times by seven participants and was often related to “other” landmarks involving personal memories and
experiences. “There is a bench, I sit there regularly (P14.D)”. A participant without dementia mentioned a landmark
because it corresponded to his personal interests and a participant with dementia mentioned landmarks that were
property of herself or familiar persons “There lived a friend of mine who immigrated to France (P10.D)”. Other
explanations that were given by both groups were changes in the environment “It is a unique location actually; it is
brand new or already a number of years. (P13.D)” and it’s noticeable “It is the highest point of Soest (P02.N)”.
These findings provide evidence that not only the function or visual characteristics of landmarks are important for
its salience. Another important predictor for the salience of landmarks is the personal connection with a landmark
and/or being familiar with environments to notice changes, in particular for people with dementia.
Participants predominantly consulted landmark information at the end of the route when they were close to the
destination (Table 4). Only participant 11 did not mention any landmark at the end of her description and only
mentioned landmarks at the beginning of the described route. Besides mentioning landmarks at the end of the
route, several participants additionally mentioned landmarks in the middle and/or beginning of the route. This
result entails that landmark information is more required when people approach their destination. For navigation
systems this means that landmark information is in particular crucial at the end of the route and should then
definitely be provided.
Describing a route gave more insight into which categories of landmarks are suitable for navigation prompts since
people use these categories when planning a route; it is information that is consulted for wayfinding. In this task
there were major differences found in mentioned landmark types between groups. Structural landmarks were
mostly mentioned by participants without dementia and would be useful in image prompts on navigation systems.
Moreover, the semantic landmarks “stores” were frequently mentioned by participants without dementia and
“other” landmarks by participants with dementia due to their personal connection with the landmarks. For people
with dementia a personal connection with landmarks seems an important indicator for useful wayfinding
information. Furthermore, the hypothesis predicted that visual features would be most suitable as wayfinding
information but the landmark type “natural elements” that consists of visual features was rarely mentioned and
seems unsuitable as wayfinding information.

4.1.6 EXECUTING A ROUTE
Ten participants (six without dementia and four with dementia) executed the route that was described in the
previous task. Participant 1 executed the route in a real environment and the other nine participants walked
through the virtual world of Google Street View. For the analysis of the task a coding frame was utilised which is
demonstrated in Table 5.
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Table 5: Coding frame for executing a route (the black numbers= participants without dementia,
blue numbers= people with dementia).

Code
Task execution
- Task executed
- Task not executed
Features that were mentioned during describing a route
- Landmark
- Street name
- Other
- No feature mentioned only direction
Type of landmark mentioned
- Store(s)
- Facility
- Parking area
- Natural element
- Traffic element
- Other
Explanation for mentioning a landmark
- Property of themselves or familiar people
- Personal interests
- Personal memories and experiences
- Changes in the environment
- Very noticeable
Place where landmarks were particularly mentioned
- In the beginning
- In the beginning and at the end
- In the middle
- In the middle and at the end
- At the end
- Evenly divided

Participant
1
4

2
8

3
9

5
11

6
13

7
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10
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14
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1
1
1
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2
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3
5
6

5
5
14
7

6
6
16
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7
7

10
10
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14
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16
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1
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5
1
2
1

3
3
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5
3
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During the (virtual) walk, all participants mentioned landmarks and street names (Table 5). Figure 14 shows how
many times each feature is mentioned. The landmarks ratio is especially high for people without dementia since
they hardly mentioned any other elements. Eight participants communicated directions without combining it with
any feature (Table 5). Six mentioned elements that were categorised as other features (Table 5). Most of these
“other” features were cars that were owned by themselves or familiar people. From Figure 14 can be concluded
that landmarks are features that are most attended during executing a route which in particular applies for people
with dementia. This means that people would benefit from landmark information when it is incorporated in
navigation devices.
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Figure 14: Number of times a features is mentioned during executing a route.
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The mentioned landmarks were grouped by different types that were occasionally mentioned: store(s), facilities,
parking areas, natural elements and traffic elements. Remaining landmarks were labelled as “other”. In Figure 15
the number of mentioned landmarks per landmark type is displayed for participants with and without dementia.
The type traffic element was mostly mentioned by people without dementia and suggests that structural
landmarks are mainly important as wayfind information for people without dementia and not for people with
dementia.
Furthermore, natural elements were most frequently mentioned by participants with dementia. Natural elements
involve strong visual features which seems more important wayfinding information for people with than for people
without dementia. Compared to describing a route there were more natural elements mentioned, probably
because it is more likely to notice than to remember a landmark. Amongst there were landmarks noticed because
they were clearly visible. Interviewee: “Oh yeah, we also have the dog walk here (P05.N).” Interviewer: “Do you
have or had a dog?”, Interviewee: “No (P05.N).”, Interviewer: “So you actually never visited it?”, Interviewee: “No,
never (P05.N).”.
Facilities were more often mentioned by participants without dementia and are seen as semantic landmarks.
Semantic landmarks require information which is stored in the long-term memory which will be more difficult to
retrieve by people with dementia since they suffer from cognitive impairments (Lithfous, Dufour & Després, 2013).

Number of landmarks
mentioned

“Other” landmarks were regularly mentioned by both participant groups and most of the explanations involved
personal connections with the landmark. Landmarks were mentioned because they were property of themselves
or familiar people such as the neighbours. “Well, I live here. (P05.N)”. Several landmarks matched their personal
interests. “I just have a thing for trees (P10.D)”. Moreover personal memories and experiences were often causes
for mentioning a certain landmark. “The fishmonger is a good fishmonger so once a week I get my fish there
(P12.D)”.
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Figure 15: Number of landmarks mentioned during executing a route per landmark type and per group.

Another pattern in the findings showed that landmarks were always mentioned at the end of the route and nearby
the destination. This suggests that people benefit mostly from landmark information nearby the destination.
However, for people with dementia landmark information seems also be beneficial in the middle of a route. For
navigation systems it is thus important that landmark images are provided when users are nearby their destination
although for users with dementia landmark information is also required in the middle of the route.
Executing a route provided more information about what categories of landmarks would be most suitable as image
prompts in navigation systems and why. The findings showed large differences between participants with and
without dementia. For people without dementia, structural landmarks and stores are important wayfinding
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information. For people without dementia, mainly visual landmarks seem to be suitable as image prompts in
navigation devices. Furthermore, for both groups personal semantic landmarks seemed landmarks they paid much
attention too and should be relevant as wayfinding information on navigation systems.

4.1.7 NAVIGATION TASK
The last task provided more insight into the additional value of landmarks for navigation systems and which
landmark images are most suitable for people with and without dementia. Findings suggest that the text
instructions were the most dominantly used prompt. In 39% of the situations the images were not noticed “No, I
really only looked for the first street on the right (P12.D)”. This however does not suggest that images should be
left out of navigation systems since previous studies proved the additional value of image prompting (Ross, May &
Thompson, 2004; Goodman et al., 2004; Goodman, Brewster & Gray, 2005). The images were mainly used to
confirm the chosen walking direction and made participants more confident about their decisions “I find images a
valuable asset but not necessary ... This is more a confirmation of: I am at the right location (P15.D)”. Nevertheless,
there were a few exceptional situations where the images were used as primary navigation aid instead of the text
instruction. “I am actually looking for that thing but I don’t even know what it is. A lamppost or something
(P04.N)”.
The process of incorporating landmark images in wayfinding consists of two steps. First the landmark features had
to be remembered in the short-term memory and then these had to be found in the environment. There were
several explanations provided why landmark categories were noticed and utilised in wayfinding. These findings
were compatible with the literature of the landmark categories: visual, semantic and structural salience. Results
showed that in particular the visual characteristics of an object in an image were mentioned as causes for the
landmark’s salience. First, the colour of the landmark made objects stand out. “Yes this looks familiar, those blue
things, and yes there I had to turn right (P15.D).” Second, the brightness that was caused by the sun influenced the
visibility of landmarks in the picture. Third, the shape of a landmark contributed to the visibility of a landmark.
“Beautiful turret, like a mosque. This is very recognizable. Yes. This is not something that you see so often (P01.N)”.
Fourth, the size of a landmark compared to its surrounding environment influences its salience. “Uh that large
house was recognisable (P02.A)”. Fifth, the material whereof the landmark was made influenced the landmark’s
salience such as glass “All this with the glass here aside (P08.N)”. That the visual landmarks were most easy to
notice was additionally reflected in an overview of the images with landmarks that were most noticed (Figure 15).
The figure shows that close-ups of visual landmarks are highly represented and in the context images show mostly
visual landmarks.
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Figure 16: Images that were often utilised in wayfinding in the navigation task.

Landmarks with semantic features, in particular signs, seemed easy to notice and remember by participants (Figure
16). That participants found it easy to remember semantic landmark is probably caused because they often knew
what it represented and used that information. For example, participants reported that the Heineken-logo referred
to a bier brand which made it easier to remember. “I thought there would be a bar; where a Heineken-sign is
probably placed above (P03.N)”. However, participants had more difficulty with searching and recognising these
semantic landmarks in the virtual environment which implies that these landmarks are difficult to detect in the
environment. This could make images of semantic landmarks unsuitable as image prompts in navigation systems
since they are difficult to detect in the environment.
Furthermore, landmarks were easy to notice when participants had a personal connection with the landmark. “No,
this intrigued me because it looks like something I saw in den Bosch (P05.N)”. Participants paid attention to objects
that matched their personal interests “the Art Nouveau style, with those stones that stuck out... I am quite a fan of
architecture (P08.N)” Another reason was that they often paid attention to objects that involved personal
associations and experiences. “Oh, this is the old library”. These objects with personal associations and experiences
were not only detectable in familiar environments, but also in unfamiliar environments. Some objects in the
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environment were familiar because they knew the object from another city or were in line with their personal
interests. Interviewee: “Does it say Halfords? (P14.D), Interviewer: “Where do you know Halfords of?”,
Interviewee: “Uh of Tomtom, I think I bought mine one time at Halfords. We went there lately for a bicycle
(P14.D)”.
In contrary to the images in Figure 16 there were images that were hardly noticed during the navigation task. Four
examples are showed in Figure 17. These images were neglected by the participants and had no salient features
“Yes I have in terms of overall image not something that I think of like: Oh yeah [something stands out]! (P03.N)”.
These findings match with the explanations that were given for saliency in the previous paragraph. However, there
should be noted that there is always a possibility that someone has a personal connection with an object in a
picture. This personal connection would make a landmark salient although it contains no visual, semantic or
structural features.

Figure 17: Images that were less noticed in the navigation task.

Furthermore, differences between landmark images with much context (street view images) and landmark images
with no context (close-up images of landmarks) were studied. In these context images, participants selected the
most salient object in the image according to their opinion. Occasionally, visual landmarks were chosen which can
be seen in Figure 18. For the visual landmarks the contrasting context in the image makes clear what the salient
features of the object are. The context gives information about what salient features people need to look for in the
environment which makes it easier to find the object and avoid searching for the landmark. This information lacks
in close-up images where there is no surrounding environment observable. For example, if a close-up photo shows
a blue house then it could be that the blue colour makes the landmark salient, although this is still uncertain since
there is no information about the surrounding environment which could also be blue. When the most salient
object in the context image is chosen then that object is searched for in the environment.

Figure 18: Four context images where the noticed components are marked by a red circle.

Additionally, participants seemed to have a better understanding of where the landmark was located in the
environment. The context provides information about where the landmark can be found in the environment which
makes it easier for people to detect the landmark and avoids that people have to search for landmark “Well you
have a better overview and you see where you should go to (P04.N)”. The knowledge about the location of the
landmark makes the location of the landmark in the environment less effective for the easiness to detect a
landmark, since people know where they can expect the landmark.
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Searching for the most salient object in the images happens instantly in a few seconds. When participants do not
saw anything salient in the image within these few seconds, then the image information was neglected by the
participants. Thus, when there is no salient object according to the participants then they do not know what to
remember in their short-term memory and will not use this image information. Therefore adding a context image
without salient objects seems not to have a value as navigation prompt.
Close-up images were more likely to raise confusion than context images. When a close-up image was not the
most salient landmark in the environment then the presented landmark was hard to find by participants. When
people are unable to find the landmarks that are provided as navigation prompts then this will not be an effective
aid to improve wayfinding. Nevertheless, close-up images were mentioned by people as helpful tools to show end
destinations. Thus, at the end of a route it can be helpful to provide information about how the exact end
destination seems. “Yes the close-up pictures too. Imagine that you go to the Etos and you don’t know where it is
but you see this [image of the Etos] (P13.D).” Thus, navigation systems should only incorporate close-up images to
show the end destination.
As was expected, the location of the landmark on the route had an impact on the usefulness of the image prompt.
Landmarks were more easily detected in the environment when the direction of the landmark was right in front of
the user. “This was very clear because you were driving straight at it (P02.N)” or at the right side of a participants
when he or she had to turn right. “Oh there you have the ethos. Yes. That is a deformation. Instructions are always
placed on the right at walking routes, and this shop was left but the [correct] street was right (P05.N)”. However,
when context images are presented then the location of the landmark possibly needs less consideration since the
context provides information about where to expect the landmark in the environment.
Nonetheless, there were situations in which images decreased instead of improved the wayfinding abilities of the
participants; situations in which images raised confusion instead of clarification. This happened when the image of
the Google Street View was not completely compatible with the image provided on paper. Causes of these
differences were due to seasonal changes, e.g. trees with and without leaves, or construction work in one of the
images, e.g. a scaffold in front of a house. Furthermore, the position of the sun in the pictures changed the
brightness and the perceived colours that are displayed in the images and Google Street View, for example a
building was noticed as white although was actually brown but looked white due to the sun. Moreover, it was
unclear to a few participants if the image had to match the environment before or after taking a turn, e.g. one
participant compared the image with the Street View after taking a turn instead of before which raised confusion.
Thus, the image needs to be a good representation of the environment with hardly any differences to be useful.
For people with dementia, the navigation task was difficult to execute. Some participants with dementia forgot
their instruction, forgot the task and were confused by the displayed environment. For example, participant 10
constantly thought that she was walking in her home town. That some participants found it difficult to execute the
tasks and a possible rationale is that the navigation task was the last task in the interview and some participants
felt already tired. Another explanation that was provided by the participants was that there was too much
information that they had to process at once. There were two types of prompts (text and images) which were for
some participants too much information to focus on. Additionally, Google Street View provided an environment
with much information that was in some situations an information overload that participants did not knew where
to look anymore. For these reasons it is quite difficult to provide conclusions on what type of landmark images
should be used as image prompts for the group participants with dementia. Nevertheless, there were two
observations made. First, participants with dementia found it more difficult to identify the visual landmarks in the
environment. Although occasionally they identified the corresponding landmark instantly, they became unsure
about their findings because they thought there were some visual differences and then choose to ignore their first
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thoughts which sometimes led them to making a wrong wayfinding decision. Second, objects in the environment
often drew the attention of participants with dementia when there was a connection with personal memories and
experiences. These findings could suggest that adding image prompts as additional information in navigation
systems could be too much information for people with dementia. Thereby, recognising visual landmarks in the
environment is more difficult for people with than without dementia which can be explained by their impaired
cognitive processes (Lithfous, Dufour & Després, 2013). Nevertheless, personal semantic landmarks are paid much
attention to and would be usable prompts in navigation systems for people with dementia.

4.2 G ENDER DIFFERENCES

Percentage of
correct answers

Gender is typically found to have a large influence on the spatial abilities of an individual and for this reason the
results are investigated on gender differences. On average females had a lower level of spatial ability as was
measured in the spatial ability task (Figure 19). Although the literature suggested that females are more landmark
orientated, the percentage of landmark in the cognitive drawings was lower for females than for males (Figure 20).
Furthermore, the frequently drawn landmarks of traffic and natural elements by participants without dementia
were mostly drawn by female participants which suggests that natural elements mainly applies to female users.
The natural elements were highly mentioned in several tasks by people with dementia and were mainly influenced
by females with dementia. An explanation could be that women focus more on the visual aspects of the
environment. An alternative explanation would be that there was one participant with dementia who was
interested in gardens and paid therefore much attention to these elements in the environment. For the task
describing a route, in particular females without dementia mentioned stores which suggest that mainly females
pay much attention to stores. The traffic elements were highly mentioned by people without dementia and were
mainly influenced by males without dementia which would suggest that males without dementia pay most
attention to traffic elements. These results suggest that gender could be a confounding variable for the differences
that were found in the mentioned landmark types between groups since mainly females with dementia were
responsible for the highly mentioned natural elements and males without dementia for traffic elements.
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Figure 19: Percentage of correct answers in the spatial ability test.

60
40
Male

20

Female

0
Without
dementia

Dementia

Figure 20: Percentage of landmarks drawn in the cognitive maps.
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5. DISCUSSION
The present study investigated how and what type of landmarks should be presented on images in pedestrian
navigation systems to improve wayfinding for people with and without mild dementia. If these systems would
improve the navigation skills of people with dementia then they would become more independent and less
reliable on others for travelling. The present study used qualitative measurements to provide findings for the
research question.

5.1 OVERVIEW OF RESULTS
In this result overview, first there were differences found between the wayfinding abilities of participants with and
without dementia. The spatial ability test demonstrated that this group had a lower level of spatial ability than
people without dementia. This deficit was noticeable in all tasks for example in drawing cognitive maps. People
with dementia seemed to have a smaller scope of cognitive maps with fewer landmarks, streets and other
elements. Furthermore, the large differences in sketch maps suggested that it was more difficult for people with
dementia to construct and retrieve information from cognitive maps. This would explain why alternative drawing
strategies of drawing a map were applied like drawing a route or remembered elements. These differences in
sketch maps between groups were not expected since these contradict the study of Jheng and Pai (2009) where
people with and without a mild form of dementia performed equally when drawing cognitive maps. The
differences could be explained by the different procedures of the task. In the study of Jheng and Phai (2008)
participants were asked to sketch a relation between two landmarks and their residence and in the present study
participants were asked to create an overview of an environment. Nevertheless, an explanation for the results may
be that people with dementia find it more difficult to construct allocentric representations of the environment
(Lifthous, Dufour & Després, 2013).
Overall, landmarks have proven to be important for the spatial orientation of all participants. During describing
and executing a route, landmarks had the highest percentage of most frequently mentioned features. Participants
with dementia noticed and utilised landmarks more often than people without dementia when executing a route.
Moreover, the sketch maps of people with dementia contain a higher percentage of landmarks than people
without dementia. These findings imply that landmarks are a larger contributor to the spatial orientation for
people with dementia than without. Therefore, landmarks could be an effective prompt to improve wayfinding in
particular for people with dementia. Nevertheless, this prompt was mainly seen as an addition to confirm the
chosen walking direction and give reassurance. Landmark images will not be able to replace text instructions or a
map; however, they seem valuable as additional navigation prompt.
Although landmarks are an important feature in wayfinding for both groups, landmark images were utilised as an
additional value. Opinions about the usefulness of image prompting in the Happy Travel were divided within both
groups. Of the four participants with dementia, there were two participants who reported that the image
prompting was a useful addition and two other participants who did not use the system. There were negative
attitudes formed about the way the images were presented. The Happy Travel provided a new image after every
couple of metres in order to have an image displayed of an environment that is always approximately 200 meters
in front of the user on the route. This “stream of images” was however seen as too much information. Additionally,
the fast changes in images were seen as confusing. Many of these attitudes were related to technical shortcomings
which make it difficult to draw conclusions from these attitudes except from that images should not be changed to
frequent.
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The findings confirmed the first hypothesis and are in line with the assumption of Fang, et al. (2012); it seems
that images of visual landmarks are more suitable as navigation prompts than images of other landmark
categories, in particular for people with dementia. Besides the hypothesis, the findings suggested that landmarks
where people had a personal connection with additionally seemed effective navigation prompts. Furthermore,
structural landmarks are often utilised by people without dementia in wayfinding; however, structural landmarks
were not investigated in the navigation task.
The different types of landmarks that people pay attention to are examined by three tasks: drawing cognitive
maps, describing and executing a route. The type of landmarks that were often mentioned and drawn were
store(s), facilities, parking areas, natural elements, traffic elements and other landmarks (e.g. windmill, bench or
district). For participants with dementia, natural landmarks were frequently mentioned which mainly consists of
visual features. This suggests that for people with dementia it would be useful to utilise visual landmarks as image
prompts. For people without dementia traffic elements were often mentioned which imply landmarks with a high
structural salience. Thus, for participants without dementia in particular structural landmarks would be useful as
navigation prompts. Nevertheless this was not further investigated in the navigation task. An explanation for the
difference in use of traffic elements between the groups could possibly be explained by Dutch regulations. In the
Netherlands, when a person is diagnosed with dementia they lose their drivers license. As a result, people with
dementia are less involved in traffic and are not used to paying attention to traffic elements.
In the navigation task, in particular images that showed landmarks with strong visual features were noticed. In
particular the colour, brightness, shape, size and material were important attributes. These visual made these
landmarks easily noticeable in the environment in contrary to semantic features. This finding implies that in
particular visual landmarks are suitable for image prompting since these are easy to detect in the environment.
Semantic landmarks seemed not suitable as navigation prompts in unfamiliar environment because they were
difficult to find in the environment.
Furthermore, the salience of an object in the environment can also be highly influenced by a personal connection
people have with the object. The navigation task showed that objects in the environments were often noticed
when they matched people’s personal interests or were related to personal memories or experiences. This
personal connection let people even pay attention to objects that were not involved in the task thus whereof
observing them had no direct value. This would additionally explain why semantic landmarks such as stores and
facilities were often mentioned in familiar environments. These personal semantic landmarks were in particular
utilised as wayfinding information for participants with dementia. This personal connection was also made in
unfamiliar environments that seemed to exist because people were familiar with one object in that environment
or aroused their personal interests. Landmarks that are salient due to personal connections seem therefore
additionally effective as navigation prompts for participants with dementia.
The navigation task was difficult to execute for several participants with dementia. One of the causes was that
there was an information overload. Furthermore, participants with dementia found it more difficult to find the
visual landmarks in the perceptual environment than people without dementia. These findings suggest that only
images with a high salience rate could be used for people with dementia in unfamiliar environments. Additionally,
personal semantic landmarks could be useful for navigation systems since they were often attended by this group.
If we look at the hypothesis then it is uncertain if landmark images will be useful for people with dementia since
they could be too much information; however, when landmark images are effective as navigation prompt then
visual landmarks and landmarks with a personal connection are most suitable.
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The second hypothesis was confirmed and is in line with the expectations of Liu et al. (2009b). Landmark images
that were presented with much context seemed most suitable as navigation prompts since the context provides
information about what to look for and where to look for in the environment. In the navigation task, context
images were preferred over close-up images. We expect that people select the most salient object in the context
image and, search for that landmark in the environment. The contrasting environment determines the salient
features of a landmark, in particular for visual landmarks. The context helps to determine what object has a high
salience. An additional hypothesis is that the context images provide more information about the location of the
landmark. This way, there is made clear where to look for in the environment if you want to detect the landmark.
Thus, the context provides information about which salient features you have to look for in the environment and
where in the environment to find the landmark. This information makes it easier to search and detect a landmark
with a context image than a close-up image.
Nevertheless, close-up images were thought to be helpful at the end of a route. These images could demonstrate
the exact destination in a street. The tasks of describing and executing a route suggested that landmark
information is in particular gathered at the end of a route, nearby the destination. Close-up images could fulfil in
this need.
The third hypothesis seemed true since the results show that the location of a landmark affects the easiness to
detect a landmark nevertheless, this seems less relevant when a context image is presented because the context
provides information about the landmark’s location. The location of the landmark influences its visibility in the
environment. When a landmark was right in front of a participant the landmark was highly noticeable.
Furthermore, when the text instructions involved a turn to the right, then participants expected the landmark to
be on the right. People tend to expect a landmark in the same direction as the route and tend to find it more
difficult to notice landmarks when they are in a different direction. However, these locations were less important
when context images were provided since they gave information about where to expect the landmark in the
environment.

5.2 D ESIGN RECOMMENDATIONS
When landmark images are used in navigation aids then they should be easy to notice and recognise in the
environment and easy to notice and recognise on the navigation aid. If these assumptions are met then the
cognitive processes of remembering and recognising landmarks are minimised. Navigation systems with low
cognitive demands are in particular necessary for people with dementia due to their cognitive deficits.
According to the results, landmark images could function as an additional navigation prompt next to text
instructions or a map. The function of image prompting would mostly be to confirm people’s chosen walking
directions. This confirmation makes them more confident about their wayfinding decisions. Nonetheless, there
should be noted that using images as an addition provides users with more information and could be too much
information for people with dementia. Additionally, images could raise confusion when there are weather,
seasonal or constructional differences between the image and the perceived environment.
There were three aspects of landmark-based image prompting investigated to examine how and what type of
landmarks should be presented in pedestrian navigation aids. The effect of the optimal choice of category,
presentation and location of landmarks are discussed.
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5.2.1 CHOICE OF LANDMARK
The results were in line with the literature of Fang, Li, Zhang and Shaw (2012) that suggested that visual features
are important contributors to the salience of landmarks. Visual features were often mentioned as explanations for
using certain images to wayfind. In particular the colour, brightness, shape, size and material were important
attributes. The most noticed images were images with strong visual features (see Figure 16). From these results we
can conclude that in particular visual landmarks could be useful as image prompts in navigation systems. Semantic
landmarks are not really usable as navigation prompt although for a different reason then provided in the
hypothesis. The semantic landmarks prompts were easy to remember, even for participants with cognitive deficits,
but were difficult to detect in the environment which makes them unsuitable as image prompts in navigation
systems.
There were differences found between the types of landmarks people with and without dementia pay attention to.
People with dementia attended most to natural elements. Natural elements often have strong visual features
which would suggest that in particular people with dementia are responsive to visual landmarks. People without
dementia paid most attention to traffic elements. Traffic elements could be seen as structural landmarks in the
environment. Nevertheless, structural landmarks were not presented on the image prompts in the navigation task
which makes it difficult to conclude if structural landmarks would be useful as image prompts. Thus for people
with dementia more images should be included of visual landmarks, in particular natural elements, and for people
without dementia it seems that more images of structural landmarks should be included, in particular traffic
elements.
Furthermore, landmarks that people have a personal connection with were often noticed, in particularly by
participants with dementia. This finding suggests that these types of semantic landmarks would be valuable as
image prompts since these are easy to remember from the provided direction and detect in the environment.

5.2.2 PRESENTATION OF LANDMARK
Context images were preferred over close-up images as image prompts in the navigation task. This result
corresponds with the literature of Liu et al., (2009a) and the hypothesis although for a different reason than was
argued in the theory section. Context images seem to provide more information about what type of salience the
landmark contains and that participants have to search for in the environment. Furthermore, there is expected
that context images provide information about the location of the landmark which makes the location of the
landmark less important for its detectability.
The image should additionally be made from the same viewpoint as the user and show a large part of the
landmark.

5.2.3 LOCATION OF LANDMARK
Literature suggests that landmarks should be located at easy detectable locations. Examples were next to the
walking path of the route, not behind trees and in the direction as where the walking route is heading (Hile et al.,
2008). From the results there can be concluded that landmarks are most detectable when they were right in front
of a participant or on the right when participants had to turn right. Additionally, people with dementia seemed to
have a smaller scope in their cognitive maps. Therefore the displayed landmark should not be located too far away
from user with dementia to make it easy to incorporate the landmark in a constructed cognitive map.
Furthermore, the presented landmarks should not be located too close to the users. When this is the case then it is
needed to switch the image often after short distances thus short amounts of time. It would create a stream of
images which were seen as too much information and confusing by the Happy Walker users. However, the location
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of the landmark seems less important when a context images is provided because context images provides the
user with information of the landmark’s location which makes it easier to find the landmark in the environment.
A clear overview of recommendations for the Happy Travel users are attached in Appendix G: Recommendations
for Happy Travel users.

5.3 LIMITATIONS
The present study had several limitations which were mainly caused by the technology, the sample and the virtual
environment of Google Maps. These limitations may have influenced the results. First, the same environments
were utilised in multiple tasks. Occasionally the same environment was chosen for drawing a cognitive map,
describing a route and executing a route. These results interfered with each other. For example, a reason for not
mentioning a landmark in a certain task is because it was already mentioned in a previous task.
Second, in some situations the apparatus brought complications that made it unachievable to execute a task. For
example, in the residence of one participant the mobile signal was too weak thus internet access could not be
obtained. During another interview there was a power shutdown in the village, which made the notebook run out
of battery before the task was finished.
Third, some participants experienced difficulties with operating the computer. Beforehand, we was aimed to
minimise the discomfort of the operating actions by letting participants only use the arrow keys and provide them
with practice time. Nevertheless, operating the arrow keys remained difficult and unnatural for some participants.
Fourth, walking through a virtual world of Google Street View provides a different experience than walking
through a physical world. The visual field is smaller which makes it more difficult to notice landmarks. It takes more
effort to look around in the environment. The walking speed is faster and a movement foreword consists of a large
step which makes it more likely for people to miss features in the environment. The images were made from a car
driver’s perspective which can additionally influence the features people attend to.
Fifth, the cogntitive deficits that are caused by dementia made it in some cases difficult for participants to
executing a task. Therefore, several participants were unable to execute every task, in particular the last task
where people seemed less able to focus and concentrate. The duration of the interview was probably too long for
the participants with dementia.
Sixth, the small sample and qualitative approach makes it impossible to draw firm conclusions about the results.
For example, there are over 50 different types of dementia and there were only eight participants which makes it
unlikely that the small sample represents all people with dementia. Additionally, the participants had a mild form
of dementia and could show different results than people that have a different dementia stage. Furthermore, the
participants without dementia consisted of seniors and do not represent people of all ages without dementia.

5.4 FUTURE RESEARCH
The present study gained more information about what category of landmarks should be displayed as image
prompt in navigation devices and concluded that visual landmarks are most effective as image prompts since they
are easy to recognise in the environment. Furthermore, landmarks with a personal connection seemed effective as
navigation prompts. However, these assumptions should be further examined and validated in the real
environment before conclusions can be drawn.
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Semantic landmarks were difficult to recognise in the environment and therefore not suitable in image prompts;
nonetheless, we could imagine situations whereby semantic landmarks are easy to recognise for instance a large
sign. Future research could investigate in what situations semantic landmarks could be useful as navigation
prompts. Structural landmarks were not investigated in the navigation task although these landmarks seem to be
promising for people without dementia since structural landmarks played a significant role in their cognitive maps.
Context images seemed to be most effective as image prompts in wayfinding because they provide information
about what and where to look for the landmark in the environment. Furthermore, close-up images of landmarks
were seen as useful for displaying the destination. Although these hypotheses were not verified since the study
was highly explorative. In future research these assumptions should be validated in the real environment.
Results showed that landmarks should not be too far away from a person with dementia since he or she would not
be able to incorporate the landmark in a cognitive map. However, the landmarks should not constantly be too
close to a person so that a stream of images is created which is too much information and confusing. Future
research should examine what the suitable distances are for landmarks when they are utilized as navigation
prompts.
Moreover, differences between people with and without dementia could be more thoroughly investigated. Due to
the small sample size it is difficult to draw conclusions on the differences between people with and without
dementia. In the navigation task, several participants with dementia experienced an information overload which
could suggest that landmark pictures are too much information. However, other participants with dementia were
able to execute the navigation task and mostly noticed visual landmarks and landmarks with a personal
connection. There should be investigated for which people with dementia landmark images are an added value in
pedestrian navigation systems.
Last, the gender differences should be further studied since the genders were compatible with different
preferences in landmark types. Especially males without dementia mentioned traffic elements and females with
dementia mentioned natural elements; thus, instead of the variable dementia the difference could have been
caused by the variable gender. The influence of gender should be further investigated so we know if the images
should be tailored based on someone’s gender or cognitive state.

5.5 CONCLUSION
This exploratory study investigated how landmarks images should be incorporated in pedestrian navigation
systems and provided design recommendations. The design recommendations involve guidelines for the category,
presentation and location of landmarks that are displayed in image prompts. When the design recommendations
are incorporated in pedestrian navigation systems for people with and without a mild form of dementia then it
should improve the wayfinding abilities of the users which would result into less wayfinding errors and reaching
destinations in a shorter amount of time. As a consequence, people and in particularly people with dementia
would be less dependent on others for travelling. This regained independency would enable users to even travel to
unfamiliar areas as was now commonly avoided by most participants with dementia in our sample or only done
when they were accompanied by an informal caregiver. For society, the regained independency of travelling by
people with a mild form of dementia would results in limiting the increasing amount of care and additional costs.
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7. APPENDICES
APPENDIX A: THE GLOBAL DETERIORATION SCALE FOR ASSESSMENT OF PRIMARY DEGENERATIVE
DEMENTIA .
(Reisberg, Ferris, Leon & Crook, 1982)

Level
1
No cognitive decline

Clinical Characteristics
No subjective complaints of memory deficit. No memory deficit evident on clinical
interview.

2
Very mild cognitive
decline
(Age Associated Memory
Impairment)

Subjective complaints of memory deficit, most frequently in following areas: (a)
forgetting where one has placed familiar objects; (b) forgetting names one formerly
knew well. No objective evidence of memory deficit on clinical interview. No
objective deficits in employment or social situations. Appropriate concern with
respect to symptomatology.

3
Mild cognitive decline
(Mild Cognitive
Impairment)

Earliest clear-cut deficits. Manifestations in more than one of the following areas: (a)
patient may have gotten lost when traveling to an unfamiliar location; (b) coworkers
become aware of patient's relatively poor performance; (c) word and name finding
deficit becomes evident to intimates; (d) patient may read a passage or a book and
retain relatively little material; (e) patient may demonstrate decreased facility in
remembering names upon introduction to new people; (f) patient may have lost or
misplaced an object of value; (g) concentration deficit may be evident on clinical
testing. Objective evidence of memory deficit obtained only with an intensive
interview. Decreased performance in demanding employment and social settings.
Denial begins to become manifest in patient. Mild to moderate anxiety accompanies
symptoms.

4
Moderate cognitive
decline
(Mild Dementia)

Clear-cut deficit on careful clinical interview. Deficit manifest in following areas: (a)
decreased knowledge of current and recent events; (b) may exhibit some deficit in
memory of ones personal history; (c) concentration deficit elicited on serial
subtractions; (d) decreased ability to travel, handle finances, etc. Frequently no
deficit in following areas: (a) orientation to time and place; (b) recognition of familiar
persons and faces; (c) ability to travel to familiar locations. Inability to perform
complex tasks. Denial is dominant defense mechanism. Flattening of affect and
withdrawal from challenging situations frequently occur

5
Moderately severe
cognitive decline
(Moderate Dementia)

Patient can no longer survive without some assistance. Patient is unable during
interview to recall a major relevant aspect of their current lives, e.g., an address or
telephone number of many years, the names of close family members (such as
grandchildren), the name of the high school or college from which they graduated.
Frequently some disorientation to time (date, day of week, season, etc.) or to place.
An educated person may have difficulty counting back from 40 by 4s or from 20 by 2s.
Persons at this stage retain knowledge of many major facts regarding themselves and
others. They invariably know their own names and generally know their spouses' and
children's names. They require no assistance with toileting and eating, but may have
some difficulty choosing the proper clothing to wear.
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6
Severe cognitive decline
(Moderately Severe
Dementia)

May occasionally forget the name of the spouse upon whom they are entirely
dependent for survival. Will be largely unaware of all recent events and experiences
in their lives. Retain some knowledge of their past lives but this is very sketchy.
Generally unaware of their surroundings, the year, the season, etc. May have
difficulty counting from 10, both backward and, sometimes, forward. Will require
some assistance with activities of daily living, e.g., may become incontinent, will
require travel assistance but occasionally will be able to travel to familiar locations.
Diurnal rhythm frequently disturbed. Almost always recall their own name.
Frequently continue to be able to distinguish familiar from unfamiliar persons in their
environment. Personality and emotional changes occur. These are quite variable and
include: (a) delusional behavior, e.g., patients may accuse their spouse of being an
impostor, may talk to imaginary figures in the environment, or to their own reflection
in the mirror; (b) obsessive symptoms, e.g., person may continually repeat simple
cleaning activities; (c) anxiety symptoms, agitation, and even previously nonexistent
violent behavior may occur; (d) cognitive abulla, i.e., loss of willpower because an
individual cannot carry a thought long enough to determine a purposeful course of
action.

7
Very severe cognitive
decline
(Severe Dementia)

All verbal abilities are lost over the course of this stage. Frequently there is no speech
at all -only unintelligible utterances and rare emergence of seemingly forgotten
words and phrases. Incontinent of urine, requires assistance toileting and feeding.
Basic psychomotor skills, e.g., ability to walk, are lost with the progression of this
stage. The brain appears to no longer be able to tell the body what to do. Generalized
rigidity and developmental neurologic reflexes are frequently present.
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APPENDIX B: MEMORY ASSESSMENT CLINICS SELF-RATING SCALE (MAC-S).
(Crook & Larrabee, 1990; Crook & Larrabee, 1992)

How would you describe your capacity to remembering the next activities?
1

2

3

4

5

Very
poor

Poor

Average

Good

Very
good

1

2

3

4

5

Very
poor

Poor

Average

Good

Very
good

5.1. The name of a person it has just been introduced
to you
5.2. Specific data from an article or newspaper you
have recently read
5.3. Switch off the lights, unplug the electronic devices
and lock the door of your house when you go out
5.4. Intend to take something with you (for example,
an umbrella or a letter), before leaving a room or going
out
5.5. Remember something as a house address that you
were told a few minutes before

Please indicate the answers that suits you better
5.6. How would you describe your memory capacity
comparing to the rest of the society?
5.7. How would you describe your actual memory
capacity if you compare it with the highest capacity
you got in the past?
5.8. Think about the moment your memory was at the
highest level, how would you describe your speed
ability now to process new information?
5.9. How often do you get upset or frustrated due to
your actual memory capacity?

The following questions are about minor memory mistakes which everyone makes from time to time,
but some of them happen more often than others. We would like you to tell us how often in your
opinion these things happen to you.
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5.10. How often do you feel you are again in this
situation?
5.11. How often do you repeat the same story to
the same person on different occasions?
5.12. How often do you have difficulty
remembering a word that you want to use?
5.13. How often do you have difficulty
remembering a word that it is on the tip of your
tongue?
5.14. How often do you come up with familiar
faces without knowing why do you know them?
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1

2

3

4

5

Never

Rarely

Sometimes

Quite
often

Very
often

APPENDIX C: SPATIAL ABILITY TEST.
Practice question:

Draw a route from the Dorpsstraat to the Eikenlaan.
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Mister Visser is in the Eikenlaan.
The school is on his left side.
What direction is he facing?
A)
B)
C)
D)

North
South
East
West

58 | P a g e

Misses van Vliet is in the Sportlaan.
She walks to the Dorpsstraat where she turns left on the T-section.
Where is 1 in relation to her position?
A)
B)
C)
D)

North
South
East
West
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Mister de Vries starts in the Molenweg at 1 .
He walks to the north.
2
Then he takes the first street on the right to the east.
In which street is Mister the Vries situated?
A)
B)
C)
D)

Industrieweg
Dorpsstraat
Kerkstraat
Molenweg
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Mister Jansen is in the Dalweg.
The city hall is on his right side.
What direction is he facing?
A)
B)
C)
D)

North
South
East
West
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Misses Klaassen starts in the Eikenlaan at 4 .
She walks to the north.
Then she takes the first street on the left to the west.
Which building is Misses Klaassen standing next to?
A)
B)
C)
D)

City hall
Church
School
Store
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3
Misses Pieters starts in the Nieuwstraat at
.
She walks to the east.
At the end of the road she takes the street on the left to the north.
Before the church she turns left to the west.
At which location is Misses Pieters?
A)

1

B)

2

C)

3

D)

4
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Answers of the spatial ability test:
1. A
2. B
3. B
4. C
5. A
6. B

64 | P a g e

APPENDIX D: LANDMARK IMAGES OF THE NAVIGATION TASK .
Context images
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Close-up images
1.

Visual landmarks
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2.

Semantic landmarks
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APPENDIX E: DIVISION OF PRESENTED IMAGES BETWEEN PARTICIPANTS .

Group 1

Participants :
7, 8, 9, 11, 15
5 No images
6 Context images
6 Visual images
3 Semantic images

Participants :
1, 3, 5, 10, 15

Group 2

4 No images
7 Context images
4 Visual images
5 Semantic images

Group 3

Participants :
2, 4, 6, 12, 13, 14
4 No picture
7 Context images
6 Visual images
3 Semantic images
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APPENDIX F: SKETCH MAPS.
Participants without dementia

P01.N

P02.N

P03.N

P04.N

P05.N

P06.N
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P07.N

P08.N

Participants with dementia

P09.D

P10.D

P11.D

P12.D
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P13.D

P14.D

D15.D

D16.D
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APPENDIX G: RECOMMENDATIONS FOR HAPPY TRAVEL USERS.

RECOMMENDATIONS FOR THE PHOTO FUNCTION IN
THE HAPPY TRAVEL
By Ellen (W.J.) Kooiman

The photo function of the Happy Travel provides the opportunity to replace the standard image prompts that
contain Google Street View images with self-made photographs. These images can be made by the user or
their informal caregiver. This document provides recommendations for what these pictures should show to
improve wayfinding of the users of the Happy Travel.
What objects should be presented on pictures?
For all users:
 Visual landmarks in particular if these contrast in colour, brightness, shape, size and/or material with
their surrounding environment.
For users with dementia:
 Objects in the environment that the user has a personal connection with.
For users without dementia:
 Structural landmarks, in particular traffic elements such as roundabouts and railroads.
How should these objects be presented on pictures?
For all users:
 The objects should be presented with the surrounding environment.
 The destination could be presented in a close-up picture.
 The pictures should be taken from the viewpoint of the user.
 A large part of the landmark should be visible.
For users with dementia:
 The object should not be too far away.
What should be the location of the photographed object?
For all users:
 The object should be close to the user’s walking path.
 The object should be on the same direction as the walking direction.
These recommendations are not necessary if the object is presented with context.
What should be avoided on the pictures?





Pictures that only contain an object without the surrounding environment.
Pictures without any salient objects.
The photographed objects that are too close to each other and create a “stream of images”.
Objects that are located behind trees.
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