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INTRODUCTION 

Well-being and feelings of self-worth among people with early-stage dementia are affected by independent 
outdoor activities. [1] Being able to navigate the outdoor environment contributes significantly to independent 
living and quality of life for people with cognitive difficulties and neurodegenerative diseases. This paper presents 
the research for the design of a way-finding tool (smartphone app) for people living with mild to moderate 
dementia and cognitive difficulties that affect visual-spatial skills and a sense of orientation. 

The process to determine a route between an origin and destination is defined as way-finding. [2] Way-finding can 
be decomposed into three actions: 1) orientation at the point of origin, 2) navigation between origin and 
destination, and 3) destination confirmation. Usability of a way-finding tool can be defined based on its 
performance in the context of all three components. Customizable and adaptive interface, collaborative or single 
user interaction, “survey” or “egocentric” mode for map presentation and interface complexity are the major 
decision points for determining the usability, learning curve and user experience of the tool. Based on the 
literature review, the study of current applications and an interview with a potential user, this paper identifies and 
discusses important aspects of the tool design. The discussion offers a scope for further research and literature 
review in order to define design guidelines for the tool. 

RESEARCH INTENTIONS 

Way-finding in an urban context is a complex function. People use a mental map of the environment for navigating 
familiar places and external tools like printed maps or GPS based apps to find their way in unfamiliar places. 
Outdoor navigation can be complicated for people with cognitive difficulties that affect their spatial skills and 
memory. Neurodegenerative diseases like Alzheimer’s dementia and traumatic brain injuries (TBI) are associated 
with loss of spatial orientation and compromises in memory, leading to an experience of feeling lost in unfamiliar 
as well as familiar environments depending on the stage of the disease or severity of the condition. This study is 
an attempt to understand the effect of these challenges on formation of mental maps of environments and gather 
insights on challenges, concerns and opportunities in order to create a foundation or guidelines for design of a 
way-finding tool that facilitates safe exploration of outdoor environments for people with TBI and early stages of 
neurodegenerative diseases.  

METHOD 

Literature Review 

Key readings on mental maps include the 
works of Stanley Milgram, Kevin Lynch, 
and Christian Nold. Stanley Milgram 
explored the use of free recall maps in a 
study to understand how residents 
perceive the city of Paris and New York 
City.  Milgram identified a major methodical 
problem in use of this method – “how to 
externalize the mental map, that is, how to 
get it out of an individual’s subjective 
experience and onto paper for public 
scrutiny.” [3] Kevin Lynch identified the 
elements that makes a city legible and 
easy to understand by analyzing maps of 
cities people construct in drawing form. 
According to Lynch, city legibility can be 
determined based on five elements namely 
paths, nodes, landmarks, districts, and 
edges. [4] Christian Nold’s project of bio 

 

 
 Figure 1. Mental maps of university neighborhood at Buffalo. 
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mapping is an ongoing project where he uses GSR sensors and GPS to create an emotional map of the city by 
recording and mapping participant emotional arousal specific to a location of a city or region.  

Gary Evans, in his paper on environmental 
learning and cognitive mapping, 
demonstrated that, in the process of 
environmental learning, landmarks are 
memorized early, functioning as anchors 
for paths to be filled in between them. [5] 
Additional literature reviewed included 
research papers and online resources to 
understand challenges faced by people 
who live with cognitive difficulties and their 
concerns in way-finding as well as general 
interactions with indoor and outdoor 
environments. [6-9] The literature review 
found that less research has been 
conducted on outdoor navigation compared 
to indoor navigation for people with 
neurodegenerative diseases and TBI. 

To explore the usefulness of hand drawn 
mental maps some friends and 
acquaintances were asked to draw their 
neighborhoods. For analysis, these maps 
were simplified using the elements of 
legibility defined by Lynch. Figure 1 
presents four such maps and it can be 
observed that, almost all the participants 
used the main street as an anchor to place landmarks and other streets. Also, the number of landmarks and the 
complexity of the map varied for each participant based on factors like places they had visited, their interests, 
route they took and mode of transport they used. 

A visualization of the home-range for 6 participants was made by plotting the landmarks from their mental maps. 
See Figure 2. It was observed that the boundaries of home-range differed significantly based on whether they had 
access to automobiles, used public transportation or only university transportation. 

Semantics of landmarks on the drawn maps also varied based on their interaction with the place and its 
importance for them. This exercise also uncovered the challenges in terms of time and effort that were required to 
draw a mental map and the reticence participants had in the act of drawing. People with disabilities may have 
even more difficulties drawing such maps and thus, other ways to understand their mental maps will be needed to 
understand their knowledge of an environment. 

Current Applications 

Case studies of projects and available tools were studied to gather insights on possible design solutions, design 
opportunities, and challenges. Bikearound pairs a stationary bike with Google Street View projected on a screen 
to take patients on a virtual ride around a place they have previously visited and is important to them. It was 
developed to encourage older people with dementia to exercise more in a safe way. [10] The JAM (Just a Minute) 
card app is a digital innovation developed by the NOW Group which is supporting people with learning difficulties 
and autism. It began as a plastic credit card sized card with one side of the card saying ‘Just a minute’ and other 
side saying ’Please be patient, I have a learning disability/difficulty’. The card was originally developed for those 
with learning disabilities but also proved useful for anyone with a communication barrier. [11] 

Walk [Your City] is a project that complements traditional approaches to way-finding by providing an interface to 
link informational street signs for people with web-based campaign management and data collection. [12] 
ClickAndGo Navigation is a project that uses ibeacon technology to develop a navigation system for people with 
visual impairments. [13] Glympse and Trail are mobile apps for location sharing and creating custom trails on a 
map. [14,15] These apps demonstrate the feasibility, constraints and opportunities for constructing maps with 
custom semantics and content as a potential design direction. 

 
  

Figure 2. Visualization of varying home-range for 6 participants. 
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Interaction with potential user 

An interview with an individual with a TBI revealed some of the concerns, fear, and challenges this group faces in 
way-finding tasks. TBI has impacted his social life and limited his interaction with the surroundings. He shared his 
experiences and concerns about adaptive devices he currently has and those he would like to have. He was 
reluctant to use devices requiring haptic interaction due to mild dyslexia he experienced in stressful situations. He 
noted that the ability to slow down the pace of audio information and easily implement repetition of information 
were crucial factors for him. He shared his fear of losing control, getting lost, panicking and not being able to ask 
strangers for directions.  Way-finding apps like google app present information in an overly complex way and they 
are difficult to use for orientation. Having a home in the countryside, he mentioned a major stress point for him 
was navigating the regions of low connectivity where the GPS would not work.  

The design for the new tool will use a co-design strategy. Thus, this brief session of brainstorming for features 
with a potential user shed light on the how music and sound might improve memory by making associations with a 
place or navigating to a place. Other potential design strategies identified were the provision of a simplified 
interface that can assist the user in sharing locations in order to feel secure, and the generation of meaningful 
instructions when connectivity is poor. 

DISCUSSION 

Based on the literature study, exploratory study and user interaction several design decision points and features 
were identified that are crucial for designing a tool that aims to simplify the way-finding process for people with 
cognitive and learning difficulties.  

Cognitive difficulties present a wide spectrum of challenges. Neurodegenerative diseases are often coupled with 
other challenges that occur related to aging. The degree of difficulty in way-finding experience is further influenced 
by factors like the stage of a disease, previous experience, social interaction style and lifestyle. Designing a tool 
for an audience with varied experiences, abilities, and concerns cannot follow a ‘one size fits all’ approach to 
design. Rather, it calls for designing a system or a tool that adapts itself to the needs and expectations of each 
user. A design process that follows a co-design approach will help to understand the range of user perspectives, 
preferences and priorities. But, constructing a tool that learns from the user is also essential. A two-step process 
of “learning from the user” could include conscious user input to build a customized interface at the start followed 
by an adaptive AI algorithm deriving optimized parameters from user generated data causing a feed back loop. 

Caregivers and significant others play an important role in the daily interactions of a person living with cognitive 
challenges. The role of the caregiver and significant other expands as a degenerative disease progresses. Our 
design will be focused on early stages of the disease when outdoor navigation is important and encouraged and 
on those who are living independently. To maximize its potential, it is important to design a tool that supports both 
collaborative interactions with the tool, i.e. both the individual with a disability and their caregiver or significant 
other, including the flexibility of switching between the two modes as the need arises.   

Lack of attention, losing a track of destination and wandering are few of the many concerns in dementia. Similarly, 
TBI and other cognitive challenges are associated with a loss of orientation. Given these concerns, the tool should 
include features like tracking user-location during navigation and generating alarms when there is deviation from a 
predefined route. It is also important to understand the implications a tool might have for user’s emotions and self-
esteem. It is important to offer a balance between a sense of security that comes by knowing that someone can 
be approached when needed and a sense of freedom by not being tracked or making decisions and exploring 
new routes. Keeping the user in control of making decisions within boundaries defined by ability will assure safety. 
Setting the boundaries through a collaboration between the user, their caregiver and their loved ones should also 
be an important aspect of the tool. An example might be the establishment of a geo-fence, a geographic boundary 
within which an individual can navigate without tracking or generating alarms. 

There are two types of maps that can be utilized for way-finding. Survey maps present a bird’s eye view of the 
overall route and thus provides a holistic image of the route while an “egocentric” map provides easy to 
understand set of instructions based on the location of the user. For some, survey maps could be more beneficial 
because they help to create an overall mental map of a place, while others might prefer a simple instruction based 
approach without the potential to explore other possible routes. Thus spatial representation becomes an important 
decision point while designing the user experience. Offering a feature that allows the user to easily select and 
switch the presentation mode could be very beneficial in customization.  



 4 

The research identified several important features that will tend to make a tool complex. Designing an interface 
that offers these features in a way that is comprehensible, demands less cognitive effort and involves a low 
learning curve is crucial for insuring the usability of the tool. The interface should focus on one instruction at a time 
and involve no more than a limited number of interaction points per session. The number of interaction points has 
to be determined from available research or a user study with a sample user set that represents the target 
audience. Likewise, further research is needed to identify challenges, concerns, and opportunities offered by 
visual, audio and haptic modes of interaction.   
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