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ABSTRACT

POTENTIALS OF 3D MAP PRINTING FOR INDIVIDUALS WITH ALZHEIMER’S
DISEASE
Daniel G. Reese, M.S.
George Mason University, 2016
Thesis Director: Dr. Sven Fuhrmann

An estimated 5.2 million people in the United States have been diagnosed with
Alzheimer’s disease (AD), a figure that is forecasted to increase as cures for other
diseases are discovered that improve life expectancy. A major effect of AD is a decrease
in spatial cognitive abilities, capabilities that allow individuals to interpret and navigate
their immediate surroundings. Past research attempted to indicate how and why AD
affects spatial cognition, however none have investigated the introduction of cartographic
media to assist with these limitations. Technological advancements have the potential to
bridge the divide between spatial cognition loss and cartographic media. Rapid
prototyping shows promise for developing three-dimensional (3D) printed cartographic
media for various applications. This thesis aims to identify AD stages that would mostly
benefit from cartographic media, whether 3D printed media has the potential to improve
spatial cognition, and which cartographic design criteria might be appropriate for
assisting AD population groups. The outcome of this thesis will be the production of 3D
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printed maps, demonstrating initial cartographic opportunities in AD patient
independence.
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CHAPTER ONE

Introduction
Alzheimer’s disease (AD) has the potential to become one of the most devastating
global health crises in modern history. Unlike health crises of the past, this disease can
strike regardless of an individual’s overall health or socioeconomic status with age being
the most common risk factor of acquiring the disease (Herbert et al., 2013, pp17781779). According to a 2014 Alzheimer’s Association publication, the disease is the most
prominent form of dementia in the United States affecting an estimated 5.2 million
people (5 million aged 65 and older, 200 thousand aged 65 and younger) (Gaugler et al.,
2015, pp 16). A common symptom associated with patients suffering from AD is a
partial or total loss of spatial cognition and awareness, of which both inhibit personal
independence and cause unwarranted stress for caregivers and patients alike. This is
important because approximately 60% of all AD patients and other forms of dementia
tend to wander and become lost (Alzheimer’s Association Northern California and
Northern Nevada, 2016). This thesis seeks to investigate novel cartographic methods that
might have the ability to minimize the effects of spatial cognition loss in AD patients.
3D printing shows promise as a possible technology that will help maximize innovative
cartographic tools in a cost and time efficient manner.
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Problem Statement
One of the biggest and least studied impacts of AD is the loss of spatial
cognition. Spatial cognition is comprised of cognitive processes including landmark
recognition or way-finding, depth perception, navigation and orientation (Jeffery et al.,
2013, pp 523). Approximately one-third of all AD patients have some form of
“visuospatial disorientation” making it increasingly difficult to safely maintain
independent living (Monacelli et al., 2003, pp 1491). The absence of spatial cognition
abilities drastically restricts the mobility of the affected individual either through selflimitation or external forces such as caregivers and health care providers, therefore
diminishing any semblance of personal spatial independence. In some instances, AD
patients with impaired spatial cognition tend to wander and become lost. These episodes
can be traumatic, burdensome, and taxing-both emotionally and physically-on caregivers
charged with overseeing these individuals. It can also become onerous for assisted care
facilities due to the constant supervision required to ensure AD patients are safely looked
after and cared for (Henderson et al., 1989, pp 391).
Combining the research fields of cartography and AD has the potential to study
cartographic methods to improve spatial cognition. These methods may assist AD
patients in maintaining some auspices of independence, which would subsequently
provide moments of respite for caregivers. Can the research and development of
cartographic media prolong an individual’s personal independence? In a first step, this
thesis will develop a framework to better understand how individuals with AD navigate
around their immediate environments, and secondly identify categories for cartographic
media development.
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Maps are used all over the world in order for individuals to orient themselves
within surrounding environments and as tools to route oneself between an origin and
desired destination. Modern digital mapping applications such as Google maps have
enhanced cartographic media. Maps, both old and new, can be used to plan a vacation
and a shopping trip or to see what areas to avoid due to traffic congestion while other
cartographic outputs can be used to navigate one’s way through a hospital, park and even
university campuses. Herein lies the main question in regard to individuals affected by
AD and the use of maps in order to maintain personal independence: if an individual
loses spatial cognition, how long could that individual utilize cartographic media to
navigate around their surroundings? Despite the possible challenges associated with
providing AD patients with cartographic media designed to improve navigation of
surrounding environments, it opens the opportunity for future research possibilities.

Research Questions and Scope of Work
Research in the use of cartographic media designed specifically to help maintain
personal independence for AD patients is limited. Although there has been considerable
work done to understand the root causes of AD and how it erodes the function of human
navigation abilities, there has been little research in the form of introducing cartographic
media such as a map, tablet application or three-dimensional (3D) model to assist AD
individuals with daily activities.
For those diagnosed in the early stage of the disease, such as a Mild Cognitive
Impairment (MCI) or Early AD (EAD), these media have the potential to be beneficial in
assisting with navigation around the neighborhood or community. Trips to the doctor,
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pharmacy, grocery store, post office, church, temple, etc. would be much easier with
cartographic media designed specifically for this user group. Additionally, the use of this
media could offer caregivers a brief period of respite from having to keep a watchful eye
on the patient. For the purposes of this thesis the research will be limited to the
navigation of a home environment with an emphasis on assisting AD patients in the
second stage of the disease. More information about why this population group and
environment was chosen will be discussed further in the document within the thesis
framework section.
There are three major research questions within this thesis. The first research
question asks: How does AD affect spatial cognition in each of the three disease stages?

Step 1:

How does AD affect
spatial cognition in
each of the three
stages of the
disease?

Step 2:

How can 3D
mapping aid AD
patients in a homebased
environment?

Step 3:

What are the 3D
cartographic design
criteria for this
model?

Figure 1: Research Questions Workflow
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The second question is: How can three-dimensional (3D) mapping potentially aid AD
patients in a home-based environment? The third and final question asks: What are
possible 3D cartographic design criteria for these 3D models? Rapid prototyping, or 3D
printing, was chosen in order to answer the questions contained within this thesis due to
its ability to create 3D maps in a rather short time frame. A workflow illustrating the
three research questions is as follows:
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CHAPTER TWO

Literature Review
Dementia and Alzheimer’s Disease
Dementia is defined as a dysfunction of neurons located within the human brain
and is composed of memory loss, impaired cognition, and alterations in behavior (Jahn,
2013, pp 445-446). Although there are some forms of dementia that are treatable and
reversible, the neurological effects of AD are irreparable and will ultimately lead to the
patient’s death. Diagnosis of the disease is not uncommon; however, the only
discernable proof that an individual suffered from AD is through a post-mortem analysis
of the brain. Pathologists performing autopsies have identified plaques created by excess
beta-amyloid protein fragments and tangles formed after strands of the protein tau
become entangled as quintessential hallmarks of the disease (Ballard et al., 2011, pp
1020-1021). Experts performing AD research hypothesize that plaques impede
communication between neurons at the synapses and that inhibits the transportation of
essential nutrients throughout the brain (Querfurth et al., 2010, pp 329). The end result of
these hallmarks is cell death, which ultimately leads to atrophy of the brain and patient
death (Gaugler et al., 2013, pp 7, 8, & 12).
Researchers indicate that AD has become a growing international health
crisis. Unlike past pandemics that have been predominantly viral, AD is believed to be
either genetic or age related (Jahn, 2013, 446). Adult populations aged 65 and older have
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approximately a one-in-nine chance of acquiring AD with the odds gradually increasing
with age (Alzheimer's Association, 2015).
Further research suggests that after age 65 the risk of developing AD doubles
every five years culminating at a 50% chance of AD acquisition by age 85 (Figueroa et
al., 2008, pp 462). See table 1 below for current and future population figures associated
with AD. These statistics reveal that age is one of the leading attributes of AD

Table 1: Alzheimer’s disease predictions by age in USA: 2015-2050 (Herbert et al., 2013, pp 1780)

Aged 65-74
#*
Percent
Year
0.8
2.9
2015
1.0
3.1
2020
1.3
3.3
2030
1.3
3.4
2040
1.3
3.3
2050
*Number of cases in millions.

Aged 75-84
#*
Percent
2.3
17.1
2.7
16.7
4.2
17.2
5.4
18.0
5.4
18.5

Aged 85+
#*
Percent
2.0
32.1
2.1
32.2
2.9
32.9
4.9
34.6
7.0
36.6

Total #*
5.2
5.8
8.4
11.6
13.8

incidence. In addition to age, the Alzheimer’s Association has compiled a list of risk
factors related to the development of AD. These risk factors include, but are not limited
to: family history (genetics), mild cognitive impairment (MCI), cardiovascular disease,
education, social and cognitive engagement, and traumatic brain injuries (TBI). Family
history (genetics) has been identified as one of the predominant risk factors associated
with the development of AD. Individuals who have ‘first-degree’ relatives (such as a
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parent or sibling) are believed to be at greater risk of developing AD than those without
the hereditary connection. Genetic mutations have also been identified as risk factors in
the development of AD; however, identified mutations are believed to be associated with
only one percent of known AD cases (Gaugler et al., 2013, pp 13-15).
Primary care providers commonly diagnose AD. The diagnosis of AD is a
multifaceted process composed of a variety of components. A physician may ask for a
complete family and medical history, observed psychiatric, behavioral, and cognitive
changes, as well as input from close family members. Additionally, the physician will
conduct physical, neurological, and cognitive tests and in many instances order a
magnetic resonance imaging (MRI) test to root out possible reasons for symptoms such
as stroke or brain tumors (Ballard et al., 2011, pp 1023-1024).
To date there are two identified paths of treatment for AD: pharmacological and
non-pharmacological. Neither has been successful at slowing or stopping the progression
of the disease. Despite the apparent inadequacy of current treatment, active AD
management has been shown to improve quality of life for patients and caregivers
alike. The Alzheimer’s Association identifies five components for successful active
management:
“(1) appropriate use of available treatment options, (2) effective
management of coexisting conditions, (3) coordination of care among
health care professionals, (4) participation in activities and/or adult day
care, and (5) caregiver involvement with support groups and services”
(Gaugler et al., 2015, pp 8).
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As average life expectancy continues to increase in coming years, the population of older
individuals will undoubtedly increase, and so too will the number of documented new
AD cases. The Alzheimer’s Association calculates anticipated population projections
every year in an effort to estimate future outcomes of the disease. See table 1 above for
current and forecasted AD populations. Without improvements to current treatment
options, predictions for 2050 anticipate the population of Americans suffering from AD
will reach 13.8 million. The magnitude associated with this figure is attributed to an
increased number of ‘baby boomers’ reaching incidence age (Herbert et al., 2013, pp
1778).
Monetary costs are expected to increase, in addition to the social and emotional
costs of the disease. The cost associated with health, long-term, and hospice care totaled
approximately $203 billion in 2013. This figure is expected to significantly increase to
upwards of $1.2 trillion by 2050. According to the Alzheimer’s Association roughly
70% of this cost is covered by national medical assistance programs, namely Medicare
and Medicaid. Not included in these figures is the equivalent monetary cost for the 17.5
billion hours of unpaid support provided by caregivers. Given the fiscal crisis the United
States currently battles, the costs associated with AD will further burden the nation's
coffers and may prove to be insurmountable (Gaugler et al., 2015, pp 31, 43). It becomes
abundantly clear that the need to study, design, and produce cartographic media to assist
with spatial cognition will become exponentially important in coming years.
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The Three Stages of Alzheimer’s Disease
The Alzheimer’s Association (2015) has defined three distinct stages of AD
through years of research and expert opinion. An observable level of cognitive decline
characterizes each of the three phases of AD. Mild signs of impairment characterize
patients that lie within the first stage of the disease; however as the disease advances and
cognitive abilities become further damaged, the patient will advance stages until reaching
the third and final stage of AD. The table below provides detailed information and
common symptoms associated with each stage of AD.

Table 2: Three Stages of Alzheimer’s disease

The Three Stages of Alzheimer’s Disease*
Stage 1: Mild Alzheimer’s disease (early-stage)
Individual may function independently and continue to work and drive during this stage of the
disease. However, patients may begin to notice lapses in memory and difficulty with vocabulary.
Family, friends and colleagues may begin to notice symptoms during this stage. A detailed medical
exam may detect issues in memory and concentration does not report any memory impairment.
Other characteristics include:
 Difficulty identifying correct words or names
 Increased difficulty completing tasks at work or in social settings
 Trouble recalling recently read material
 Misplacing or loss of valuable objects
 Planning and organizational abilities start to become compromised
Stage 2: Moderate Alzheimer’s disease (middle-stage)
This stage is usually the longest stage of the disease lasting several years. Disease progression will
require increased levels of care for the AD suffer. Individuals with AD will begin to confuse words,
become moody or angry and act out in unexpected ways.
Symptoms will become noticeable and includes the following:
 Difficulty recalling personal history and events
 Moody and withdrawn (especially in social environments)
 Difficulty recalling home address and phone number as well as schools they attended
 Confusion about current day and location
 Difficulty choosing proper seasonal attire
 Issues with incontinence
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Stage 3:

Changes in sleep patterns
Increased risk of wandering and becoming lost
Personality and behavioral changes
Severe Alzheimer’s disease (late-stage)

The third and final stage of the disease is characterized by a patient’s inability to respond to their
environment and communicate. Individuals will begin to need assistance with all aspects of daily
life.
Other characteristics include:
 Patient requires around the clock care
 Loss of awareness of recent experiences and surroundings
 Requires assistance with daily activities
 Detrimental changes in physical abilities affecting abilities to walk, sit and swallow
 Decrease in communication abilities
 Vulnerable to infections such as pneumonia
*Alzheimer’s Association. (2015). Stages of Alzheimer’s.

Community/City/Town/Neighborhood

Home
Environment/Retirement
Facility

Room
Figure 2: Patient Mobility as Disease Progresses graphic
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As a patient advances from one stage to the next, the symptoms of AD become
compounded, increasing the effects of the disease on the individual. Evidence from the
literature suggests that spatial cognition in AD patients is not affected until the individual
reaches stage 2, moderate AD or “middle-stage” (Possin, 2010, pp 470). Common spatial
cognitive difficulties exhibited by patients in this stage of the disease are navigational
difficulties, becoming lost in familiar surroundings, and learning landmark locations
(Monacelli et al., 2003, pp 1496). A patient’s spatial cognitive abilities continue to
diminish as the disease progresses, culminating when individuals become immobile and
bedridden in the third stage of the disease or severe AD (Alzheimer’s Association, 2015).
The graphic above illustrates how AD affects spatial cognition on an average patient
suffering from the disease.
Spatial Cognition & Way-Finding in Alzheimer’s Disease
Spatial cognition is one of the most crucial yet basic aspects of everyday human
life. It is defined as an ability by which an individual obtains knowledge of their
surroundings and the ability to effectively assess this information in order to navigate
through the environment (Tommasi, 2012, pp 799). Passini et al. (2000) define spatial
orientation as a reference to ones “ability of mentally imagining or representing a
physical setting and situating him or herself spatially within that representation (2001, pp
685). Humans create cognitive maps using spatial and visual information as an ability to
orient themselves within the myriad possible environments that can be encountered on
any given day. The information allows humans to perform necessary calls of judgment,
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interpret distances, estimate volumetric size, and many other additional tasks essential for
everyday navigation (Downs and Stea, 1977, pp 221).
There are two basic functions by which an individual can create a cognitive
map. The first is through cues located throughout the surrounding environment in the
form of landmarks that allow individuals to position themselves within the cognitive
map. The second is the ability to link “self-movement cues” together in an incremental
sequence in relation to a starting point and is called “path integration” (Monacelli et al.,
2003. pp 1492). Both of these methods incorporate allocentric and egocentric frames of
reference. Allocentrism is the use of external cues whereas egocentrism is the use of
internal cues. (Gramann et al, 2006, pp 116–117).
Researchers believe that the first method is affected early in the development of
AD due to adverse effects on the hippocampal region of the brain. It is widely thought
that the hippocampus stores and controls access to spatial information within the brain
that simulates the environment in order to “facilitate navigation” and read geographic
objectives (Spiers and Maguire, 2007, pp 618). Researchers assume that impairments to
this portion of the brain can reduce the ability to recognize landmarks, thus diminishing
the effectiveness of that portion of the cognitive map. The second ability is negatively
affected in later stages of disease due to impairments to the parietal cortex, further
diminishing the overall effectiveness of a cognitive map (Monacelli et al., 2003, pp
1492).
Researchers are aware that different portions of the brain control the allocentric
and egocentric frames of reference relating to spatial and cognitive awareness. On one
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hand, the allocentric frame of reference represents the position of one object relative to
that of another object or of a background variable independent from an individual (Zhang
et al., 2013, pp 68). On the other hand, an egocentric frame of reference refers to the
position of an object in reference to the individual (Zhang et al., 2013, pp 68). Possin
writes that the egocentric frame of reference is utilized by the body’s ability to process
location in reference to itself (Possin, 2010, pp 468). The importance of the egocentric
frame of reference increases exponentially when an individual is on the move and
requires constant updates to maintain spatial cognition and awareness. The allocentric
frame of reference relies on cues from landmarks and other objects along a path in order
for an individual to reference one’s position within the environment. Therefore, it can be
inferred that allocentric and egocentric frames of reference are integrally important in
building cognitive maps and maintaining spatial cognition (Possin, 2010, pp 468).
Monacelli et al (2003) studied AD patients in order to gain a better understanding
of how memory, perception, and cognition factor into spatial disorientation and how it
relies on specific cues to determine location and “self-movement.” According to the
research team, location cues provide the ability to orient the individual through the
recognition landmarks in order to recall a current position in the environment in reference
to a cognitive map (Monacelli et al., 2003, pp 1491–1492). This task was completed
through the administration of several spatial orientation tests over two separate 90-minute
examination sessions. The first test measured “naturalistic navigation” through a realworld navigational task followed by a route-learning test designed to assess the test
subject’s ability to recall the route during an unaided trip along the course. The third test
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required test subjects to verbally describe the test routes followed during the
examination. A fourth test measured “self-orientation” by assessing the subject’s ability
to connect the location of ten landmarks along the test route to points along the testing
route. The fifth test assessed the subject’s ability to recall the testing route through a
“route drawing” exercise. Subjects were given a scale map of the hospital lobby where
the test took place and were asked to draw lines representing segments of the path taken
during the test. A sixth test called “landmark recall” asked the subjects what items or
fixtures along the route aided their way during the self-directed trip around the
course. The seventh, eighth, and ninth tests examined the test subject’s ability to
recognize landmarks and landmark location on a blank map using photographs and video
as aids (Monacelli et al., 2003, pp 1492–1493).
Similarly, research by deIpolyi et al. (2007) attempted to find the underlying
causes of navigational impairments within AD patients. The research team focused on
testing the limits of navigational abilities within AD population groups compared to that
of control groups and how it relates to atrophy in varying regions of the brain (deIpolyi et
al., 2007, pp 993). Like Monacelli et al. (2003), deIpolyi et al. (2007) conducted tests
located on a single floor in a hospital. Study participants were taken around this
environment in a wheelchair in order to complete a route-learning task. Upon completing
the route-learning task, patients were asked to provide directions to assistants helping
them through the course and were monitored based on their responses. Following this
task patients were asked to draw a map of the route. Patients were provided four possible
route maps and asked to choose the correct one if they were unable to draw the map. The
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next portion was a photo recognition test to determine the patient’s ability to recognize
landmarks along the location, where they were located on the map, and the order of
which the landmarks are observed (deIpolyi et al, 2007, pp 987).
Unlike the previous two research teams, Spiers and Maguire (2007) and Cushman
et al. (2008) focused on studying the spatial cognition skills of AD patients utilizing
virtual reality. The research team managed by Maguire utilized a positron emission
tomography (PET) imaging machine to scan the brains of participants while navigating
through a virtual reality town that was familiar to the subjects (Spiers and Maguire, 2007,
pp 921). The first test run allowed participants to travel directly from the starting point
towards the end goal while in later test runs the participants were required to follow
detoured routes due to obstacles located along the path. These test runs were then
compared to subsequent runs where arrows were placed along the path, which reduced
the probability that a cognitive map was used. Results from this study agreed with
previous studies in that lesions located on the right hippocampus could result in deficits
in spatial memory while those located on the right inferior parietal cortex reduce the
body’s ability to function, which is consistent with the explanation as to why AD patients
develop spatial cognitive impairments (Spiers and Maguire, 2007, pp 922–923). These
findings conclude that atrophy to various regions of the brain can negatively impact ones
ability to comprehend and navigate their immediate surroundings due to AD.
Cushman et al. (2008) focused their research on issues of older adults and their
tendency of getting lost in known and unknown cases of AD. Her research team
compared results from a previous study that focused on real-world navigation to the
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results of this study where participants used virtual reality (VR) to navigate through the
same environment. The team chose to utilize VR in order to cut down on quantification
time as well as difficulty (Cushman et al., 2008, pp 888). In the previous study the
research team conducted the same experiments in a real world environment. For the
purposes of this study the research team sought to answer whether or not a VR test would
be capable of achieving similar if not identical results. Each participant was tasked with
completing the following navigational subtests; route learning, free recall, self-orienting,
route drawing, landmark recall, photograph recognition, photograph location, and video
location. Participants were also asked to conclude a neuropsychological test (Cushman et
al., 2008, pp 889-890).
The research team found close correlations between the real world and the VR in
terms of how navigational deficits increased across the study population
groups. Individuals in the young normal controls (YNC) group fared best while those in
the AD group unsurprisingly fared the worst. The older normal controls (ONC), MCI
and AD groups all had difficulty in the self-orientation and photograph location tests
while the MCI and AD population groups performed poorly on the verbal recall
subtest. The results of this finding suggest that improvements in VR have the potential to
safely test the navigational abilities of individuals with MCI and AD thus showing
promise for future tests utilizing varying cartographic tools to aid in navigation (Cushman
et al., 2008, pp 892–894)Golledge is well known for his work on way-finding, a phenomenon he considers
the “making sense of space.” He considers the use of way-finding as a visuospatial
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ability that allows one to cognitively make sense of the surrounding landscapes. It is a
system by which individuals look for objects or items that differ from the environment
because it is believed that they will be recognized again at a later time-thus minimizing
any chances of becoming lost. Golledge suggests that individuals will also create their
own system of way-finding in instances where there are no uniquely identifiable objects
or landmarks, albeit marks on a sidewalk, lines in the dirt, or breadcrumbs in the case of
Hansel and Gretel (Golledge, 2005, pp 199). Placing these way-finding locations within
the confines of a mental or cognitive map can drastically increase the spatial cognitive
abilities of individuals (Comenetz, 2005, pp 113). These are all methods that individuals
utilize in order to make sense of a place with which they may be unfamiliar.
Lobben (2007) suggests that way-finding is the ability, or method, in which an
individual can store and retrieve spatial information about the surrounding environment,
however she investigates further into the subject in an attempt to discover the ways in
which way finding affects human navigation (2007, pp 70). According to her research
this can be accomplished in two ways. The first depends on the individual’s ability to
comprehend survey knowledge gained from an initial study of a map in order to travel
more “effectively” and “efficiently” (Lobben, 2007, pp 70). In other words, this can be
translated into a measurement of one’s sense of direction. The second depends on the
ability for an individual to return back to the origin based on recalling the information
obtained via way-finding (Lobben, 2007, pp 70). Way-finding can be thought of as the
way in which the human mind creates spatial order out of potentially chaotic
situations. The entire goal of this exercise is for individuals to remember spatial
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landmarks in order to be able to aid in navigation (Golledge, 2005, pp 199). While the
process of way-finding does not require a full recollection of each landmark or point of
interest along a route it can serve as an aid allowing individuals to navigate through an
environment following an approximation of the actual route. Research indicates that AD
patients suffer from way-finding constraints; however, future research will hopefully
provide a path towards enhancing their spatial cognitive abilities.
In the work by Passini et al (2000) the research team found that way-finding
abilities within a facility, though diminished, are still present in AD patients suffering
within the middle stages of the disease (2000, pp 686). Studies conducted on larger
scales, i.e. outdoors, found that topographical disorientation is revealed earlier on in AD
patients suggesting that problems with disorientation first surface at a larger, macro-scale
environment (such as an urban area) diminishing down to a smaller, micro-scale
environment (such as a home or a room) (Passini et al., 2000, pp 687). An issue that
Passini et al. uncovered was that patients, although somewhat able to navigate their way
throughout the retirement facility in which they reside, were unable to plan for a solution
to “relatively complex” way-finding tasks presented to them (2000, pp 687). The team
observed that one possible answer to this dilemma is that facility staff tends to escort
patients from one place to another limiting their abilities to effectively navigate on their
own behalf (Passini et al., 2000, pp 696).
Passini et al. (2000) conducted research similar to other way-finding tasks
performed on AD patients. What sets this teams research apart from others is that it
looked at all aspects as to how way-finding can plan a part in an individual’s quality of
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life. For instance, the procedure for the team’s way-finding experience was quantified by
measuring an AD patient’s ability to navigate to four different destinations. Each of the
six participants in the study were asked to navigate: 1) From their bedroom to a living
room located on the same floor; 2) From the living room to a cafeteria located on the first
floor requiring the use of an elevator; 3) From the cafeteria to the recreation room, which
is also located on the first floor; 4) And finally from the recreation room back to their
bedrooms requiring the use of an elevator again. These tasks were created mimic typical
way-finding environments that any patient living in the facility would encounter on any
given day (Passini et al., 2000, pp 691).
Although the participants were cooperative during the way-finding experiment,
many showed signs of confusion and sought signs of reassurance from facilitators
assisting them along the course. Questions such as “What are we doing now?” and
“Where are we going?” were a few of the most frequently asked questions amongst the
participants of the study (Passini et al., 2000, pp 692). Contrary to these questions;
however, when a participant made a way-finding decision on their own the facilitator
would follow-up with a question such as “Why are we going down this corridor?”
(Passini et al., 2000, pp 692). The intent of the facilitator was to understand how the
mind of the AD patients operated in a way-finding manner at any given time. If the AD
patient struggled then the facilitator would assist the individual along the prescribed path
(Passini et al., 2000, pp 692-693). During his research Passini et al. took notice of a
phenomenon called “sundowning”. Key traits of this occurrence are aimless wandering
as well as more pronounced difficulty with way-finding. This phenomenon occurs
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usually later in the afternoon or early evening; however, the exact reasoning behind the
phenomenon is still unknown (Passini et al., 2000, pp 694).
Architectural monotony, repetitive environments, and a lack of personal touches
within facilities catering to individuals with AD have been observed as environmental
elements adding to the way-finding inhibitions associated with AD (Passini, et al. 2000,
pp 695-696). If a method, tool, or some combination thereof could be developed to help
reduce the effects that the disease has on one’s ability to navigate the immediate
environment then the stress on the AD patient and caregiver has the potential to be
greatly diminished.
Cartographic Media for Impaired Populations
Golledge and Rice (2005) were influential in describing the inequities between
sighted and unsighted people when it comes to reading and understanding a map. These
inequities became increasingly wider with the onset of the digital age and the creation of
online mapping tools such as Google maps. Prior attempts to translate visual geographic
information into a medium readable for those who are visually impaired came in the form
of tactile maps that were oftentimes unmanageable in size and were cost prohibitive
depending on the manufacturing process (Golledge et al, 2005, pp 339). Golledge
conducted further research on the topic of mapping for visually impaired individuals and
determined that there are seven types of mapping products that can be used to translate
geographic information to a non-visual audience. The seven examples he describes are:
1) small scale relief maps mounted on either a wall or a table, 2) tactile maps, 3) auditory
maps, 4) spatial language descriptions of fictitious places, 5) tactile-audio information
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systems, 6) sonic environments, and 7) haptic or virbrotactile maps developed for use
with a computer system (Golledge, 2005, pp 96). The role of a handheld tactile map such
as Golledge’s second example and how they can be rapidly produced for AD patients
could be a beneficial outcome of this thesis.
Other research has contributed to the greater overall endeavor for cartographic
products to help those with otherwise limited spatial abilities. Perkins (2002) authored a
comprehensive article documenting progresses made in the overall trend of tactile
mapping (2002, pp 521). His overview of the topic includes discussions about how
advances in tactile mapping have assisted individuals with visual impairments navigate
through the surrounding environment since it is well documented that visually impaired
individuals have the same spatially cognitive abilities as their sighted counterparts.
Further research has discovered instances where tactile maps have been developed and
introduced to cover the interior of buildings (Perkins, 2002, pp 522). Although his
findings discovered that there have not been any commercial enterprises working to
create mass-produced tactile maps, there have been efforts taken to standardize the
formats of which these maps are designed. He further emphasizes that researchers
undertaking similar studies ought to be more aware of the social aspects of the project
with decreased emphasis on technology (Perkins, 2002, pp 525-526). Lobben and
Lawrence (2011) completed similar research on the effectiveness of tactile symbology in
thematic mapping. The team’s findings determined that although there is a definitive
need for effective tactile symbology for thematic mapping, there has been little progress
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in its development due to a lack of
research and discrepancies in
standardization and formatting (Lawrence
& Lobben, 2011, 681).
Rapid Prototyping of 3D Maps
Research has shown that 3D maps
have the potential, in certain conditions, to
translate cartographic materials in finer
detail than a two-dimensional map (Rase,
2012, pp 120). Tactile information,
usually obtained via touch, is capable of

Figure 3: 3D printed map of a mountain located in
Yosemite National Park.
http://makezine.com/2014/11/15/3d-printingtopographic-maps-using-lidar/

translating basic concepts relating to
surface features like slope and gradient as
well as user location. The ability to touch
the surface of a model or feel the outline of a structure can translate spatial information in
ways that the eye is unable to discern simply studying a two-dimensional map (Golledge,
2005, pp 96). There are several ways in which a 3D printed cartographic method differs
compared to a 2D map. First and foremost is the ability to identify changes in
topography that would otherwise go unnoticed in a flat perspective through touch, such as
the presence of structures and other features by running a fingertip over the surface of the
model.
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The latest and
most common method for
producing 3D maps in a
time sensitive and cost
effective manner is
through rapid
prototyping. According
to Rase, rapid
prototyping is the
“automatic construction
Figure 4: 3D printed trail hiking map of Half Dome located at Yosemite
National Park. http://www.thingiverse.com/thing:201405

of physical objects using
solid freeform fabrication
within short
timeframes.” There are

four common techniques in use today to perform rapid prototyping; they are removal,
transform, aggregation, and 3D drawing:






Removal: A block of material is cut with a tool that removes
successively small quantities of material until the final form is
reached.
Transform: The material is formed by pressure and heat.
Aggregation: A part is built up from small amounts of material.
3D drawing: Tiny points inside a glass block are melted by a laser
beam and become opaque. (Rase, 2012, pp 121).
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Employing a number of rapid prototyping techniques, Rase produced several 3D
models consisting of geographic datasets in order to determine their cartographic
functionality and appropriateness.
Rapid prototyping has advanced significantly since being introduced in the mid
1980’s (National Science Foundation, 2013). Higher resolution 3D printers were brought
onto the market in the early part of the 21st century and have revolutionized the way in
which 3D modeling is accomplished (National Science Foundation, 2013). Many of the
devices used to render 3D models are composed of parts from inkjet printer, however,
instead of simply printing in standard CMYK ink the print heads are capable of layering
pigmented resins in order to produce a 3D product. Prior to this innovation colors had to
be added to models manually thus increasing production time and costs (Rase, 2012, pp
124).
Tactile mapping has been around for a number of decades and has been primarily
designed for individuals with limited sight. Many of these mapping examples have
utilized specialized research in symbol alignment and layout as well as map-memorizing
strategies in the context of 3D mapping in order to assist visually impaired individuals
(Perkins, 2002, 522). In addition to tactile maps designed to help the vision impaired
there are several examples available on the Internet of 3D printers used primarily for
creating other topographic mapping products. Many of these examples are focused
towards individuals interested in printing a 3D model of a favorite mountain climbing
location (Make:, 2014) or of the hiking adventure of a lifetime (MakerBotThingiverse,
2013). Through the utilization of rapid prototyping methods already in place, current
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technology shows potential in creating 3D printed cartographic media to assist AD
patients.
The literature review shows that a great body of research has been conducted on
AD and other forms of dementia. Research has also been conducted to better understand
the connection between spatial cognition loss and AD by applying VR simulations and
spatial navigation testing. However, the literature review resulted in limited results where
cartographic media or 3D printing is applied to investigate or evaluate spatial cognition
of AD patients.
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CHAPTER THREE

Methodology
This thesis focuses on the design and development of 3D printed cartographic
media for individuals suffering from mild stage two AD. The goal is to develop
cartographic media that can potentially aid in diminishing the effects of spatial cognition
restrictions and improve navigation and way-finding within familiar environments, e.g.
the patient’s home. Given the sensitivity of the topic, user trials will not occur as a part
of this thesis. However, the thesis will develop the basis for a framework for future
studies utilizing AD populations and similarly designed models to measure spatial
cognition. It also measures the functional application of providing this population group
with personally designed cartographic media to assist in daily household navigation.
This chapter describes the framework for developing the cartographic media; an
overview of the data used, information about the technical design, and a basis for
heuristic evaluation and expected outcomes.
Framework
AD stage two is the longest and most drawn out of the three AD stages. It is often
divided into two sections; stage IIa (early-moderate) and stage IIb (late-moderate). Given
the complexity of the disease, this research will be focusing on indoor navigation for
stage IIa (early-moderate) of AD. In order to come to this decision a framework was
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developed to help navigate the complexity of the subject material. The framework was
broken down into eleven subsections. They are as follows:












Ability to Perform Indoor Navigation;
Ability to Perform Outdoor Navigation;
Ability to Comprehend Spatial Cognition;
Map Comprehension;
Ability to Comprehend Way-finding;
Understanding 3D Mapping;
Understanding Map Based Scale;
Understanding Map Based Orientation;
Understanding Map Based Symbology;
Understanding Tactile Maps; and
Comprehending Color.

The framework was also divided into four categories to gauge user ability based
off of evidence from the literature review. These four categories are relevant, limited, not
relevant, and not investigated. The sectors in the framework matrix that are labeled as
relevant show that individuals suffering from AD would benefit from cartographic media
based on the information gathered in the literature review. Sectors labeled as limited
would not be as beneficial to individuals; however, there may be some benefit from
cartographic media to the AD patient. The sectors labeled not relevant were labeled as
such due to the stage of AD and the complexity of the materials in the eleven subsections.
Those labeled as not investigated have not yet been investigated by researchers and are
the foundation on which this thesis is based.
The ability to perform indoor navigation according to deIpolyi et al (2007, pp
993) and Perkins (2002, pp 522) in stage I of AD was deemed to be useful, limited for
stages IIa and IIb, and not useful for stage III. The ability to perform outdoor navigation
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according to Spiers and Maguire (2007, pp 921) was also deemed to be useful in stage I
of AD, but only limited in stage IIa while stages IIb and III were determined to be not
useful. Furthermore, Monacelli et al (2003, pp 1491-1492) found that the ability to
comprehend spatial cognition was useful in stages I and IIa, limited for stage IIb, and not
useful for stage III. Evidence from Lobben (2007, pp 70) suggested that in the ability to
comprehend way-finding would be useful in stage I, limited in stage IIa, and not useful in
stages IIb and III. Lawrence and Lobben (2011, pp 681) also found that understanding
map based symbology would be useful for stage I of AD; however, they found that it
would be limited for both sub-stages of stage II and would not be useful for stage III.
The comprehension of color was found to be limited for stages I and IIa by Pache et al
(pp 425-426) and not useful for stages IIb and III. Using the information gathered from
the literature review for the aforementioned six subsections in the framework was crucial
for developing the models for this thesis. However, there are five more subsections that
have not been investigated in any of the literature: map comprehension, understanding
3D mapping, understanding map-based scale, understanding map-based orientation, and
understanding tactile maps.
The framework chart on page 31 (Table 3) is a graphical depiction of the
information provided in the previous paragraphs. The information provided within this
framework served as the foundation from which the practical work of this thesis could be
built upon. Aspects of each of the investigated subsections were taken into consideration
to facilitate the design of the rapidly prototyped 3D models. However, the four following
were given the highest consideration when it came to the design of the models. These
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components of the framework were taken into consideration for design because they had
backing from information located within the literature review. They are as follows:





Ability to Perform Indoor Navigation;
Ability to Comprehend Spatial Cognition;
Ability to Comprehend Way-finding; and
Understanding Map Based Symbology.

Using this information, the rapidly prototyped 3D models could be developed in order to
produce tangible outputs for this thesis.

30

Table 3: Framework for thesis

Abilities
Ability to Perform Indoor
Navigation*

Stage I

Stages of Alzheimer’s Disease
Stage IIa
Stage IIb

Stage III

Relevant

Limited

Not Relevant

*(deIpolyi et al., 2007, pp 993), *(Perkins, 2002, pp 522)
Ability to Perform Outdoor
Navigation**

Relevant

Limited

Not Relevant

Not Relevant

Limited

Not Relevant

Not Relevant

Not Relevant

**(Spiers and Maguire, 2007, pp 921)
Ability to Comprehend
Spatial Cognition***

Relevant
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***(Monacelli et al., 2003, pp 1491–1492).
Map Comprehension
Ability to Comprehend WayRelevant
finding****
****(Lobben, 2007, pp 70)

Not-investigated
Limited

Understanding 3D Mapping
Understanding Map Based
Scale
Understanding Map Based
Orientation
Understanding Map Based
Relevant
Symbology*****
*****(Lawrence & Lobben, 2011, pp 681)

Not-investigated
Not-investigated
Not-investigated
Limited

Understanding Tactile Maps
Comprehending Color******
******(Pache, M., et al, pp 425-426)

Not Relevant

Not-investigated
Limited

*Framework constructed based off of literature reviewed for this thesis.

Not Relevant

Not Relevant

Indoor Navigation Considerations
Indoor navigation was chosen because individuals with AD have a greater
tendency to wander as the disease progresses. According to the Alzheimer’s association
“anyone who has memory problems and is able to walk is at risk for wandering”
(Alzheimer’s Association, 2016). Similarly, individuals with AD can have a difficult
time locating rooms and places that are familiar to them such as the master bedroom,
living room, bathroom, or dining room (Alzheimer’s Association, 2016). This thesis
strives to help set the foundation from which cartographic media can be built to assist
individuals with AD navigate through the interior of a home environment.
One of the biggest obstacles associated with indoor navigation, especially for AD
patients, is the establishment of a point of reference. This has been documented in the
literature where way-finding has been the topic of study (Monacelli et al., 2003, pp 1492–
1493). Many studies document disorientation when it comes to establishing a point of
reference within cartographic media (Passini et al., 2000, pp 687). A common way
cartographers assist individuals with establishing a point of reference is through the
incorporation of a “you are here” point on the map. This tool or way of establishing a
point of reference is essential for many people in determining one’s location within a
cartographic form in conjunction to the surrounding environment. However, individuals
with AD may not be able to use such a common indicator in establishing locational points
of reference as indicated within the literature. This can prove to be a challenge in the
design of any cartographic media designed for this population group.
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Map scale must also be brought into consideration when it comes to designing
any cartographic media. This is especially true when designing cartographic media
designed specifically for individuals with AD. The scale for this mapping project is large
scale and designed to take up the printing surface of the 3D printer. For larger homes the
scale may need to be adjusted or tiled together to take into account the larger size. Scale
is an important factor due to the limited fine motor skills of AD patients. It is important
that the cartographer designs a medium that is handheld and easy to use rather than
something that is too bulky and cumbersome for an AD patient to use. The ideal design
would call for cartographic media that would be able to be used in one hand so that the
other hand can trace a potential path on the map. This would be perfect for AD patients
in either stage I or stage IIa in order to allow them to navigate around their immediate
home environment to complete tasks such as locating the bathroom or bedroom.
Symbology is important in developing any form of cartographic media. As
evidenced by the literature color may not be the best form of symbology for this thesis
project due to the apparent inability of AD patients to discern color (Pache, M., et al, pp
425-426). The literature suggests that AD patients may still know what color is per se;
however, they may not be able to distinguish the differences between colors in the real
world much in the same way that a person can be colorblind (Pache, M., et al, pp 425426). Symbols, however, may still be able to assist AD patients in their ability to
interpret abstract representations in cartographic media and translate them into real world
objects and places. Placing a 3D bed model within a bedroom has the potential to allow
the AD patients to understand that the room that symbol is located in is in the bedroom.
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Similarly, a 3D couch model placed in the living room would indicate that that room is
the living room, a 3D modeled table could indicate where a dining room is located, and a
3D modeled toilet could indicate where the bathroom is located. Other symbols can be
developed to represent the purpose of different rooms.
Based on the literature review and the resulting framework it is highly likely that
an AD Stage IIa patient would be able to navigate around a home using a rapidly
prototyped 3D model that incorporates symbology such as the aforementioned symbols
used to describe the bedroom, living room, dining room, and bathroom. It is also
possible that a “you are here” style map would greatly benefit an AD patient. Overall the
3D model could also serve as a basic tactile map to would help reinforcing the visual
perception that the AD patient might have in that room.
Data
This
research project
focuses on one
single-family
homes designed
and constructed in
the mid-twentieth
century. As the
literature suggests
many current
Figure 5: Floor plan of the "Manorwood" single-story home from Ridge Pike Homes
catalog.
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sufferers of AD come from the silent and baby-boomer generations. Thus, homes and
typical floor plans from this era were chosen for this research due to their popularity
among current AD patients. The house to be modeled and printed in 3D is a single-level
ranch style house and is depicted below in figure 5. The layout for the home was sourced
from a catalog of home plans distributed by Ridge Pike Homes (Figure 5); a defunct
housing manufacturer formerly located in the Philadelphia, Pennsylvania suburb of
Conshohocken.

Technical Design & Prototype Development
The 3D modeling software SketchUp was utilized to transform the 2D home
layouts into a 3D model (SketchUp, 2013). Various levels of detail were modeled in 3D
prior to the production of a 3D printed model. Rapid prototyping was accomplished
using a Zortrax™ M200 3D printer, recently purchased by the George Mason University
Department of Geography. The Zortrax™ M200 printer was ideal for this project due to
its large printable dimensions. Objects can be printed as large as 7.87” L, 7.87” W, and
7.07” H. The 3D SketchUp model was converted into a Zortrax™ Z-Suite compatible
file in order to guarantee optimal print quality and operability (Zortrax™, 2016
Development of the prototype generally followed the flowchart illustrated below.
The process will start by digitizing a model of each home testing various cartographic
variables using SketchUp. Next the SketchUp model will be migrated over to Zortrax™
Z-Suite software for use with the Zortrax™ M200 3D printer. Then the model will be
printed using the Zortrax™ M200 3D printer. Finally, the model will be finalized by
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cleaning up the edges and if necessary applying paint where needed to introduce color as
a cartographic element.

• Build a digital model of prototype using SketchUp
Step 1 testing various cartographic tactile variables

Step 2
Step 3

• Migrate SketchUp model using Zortrax tm Z Suite

• Print model using Zortrax tm M200 3D printer

• Finalize model by cleaning up edges and applying
Step 4 paint to add color if needed

Figure 6: Four steps for model development.

Model-based Tasks and Interactions
There are four basic tasks that this cartographic media is designed to assist the AD
patient accomplish. First and foremost it is designed to help the map user identify where
the bedroom, kitchen/dining room, living room, and bathroom are located within the
house. Using the aforementioned symbols it is hypothesized that the patient will be able
to perform such tasks like finding the way from the bedroom to the bathroom or vice
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versa. Other tasks include identifying where on the map the AD patient is located and
how to navigate to another room within the house based off of the information provided
in the “you are here” cartographic media prototypes. The first two mapping examples
will be designed to be carried around the house by the AD individual while the third “you
are here” map would be designed to be placed in a stationary location somewhere within
the room much like evacuation plans are placed within rooms and hallways of
institutional buildings. It is imperative that the design be as user friendly as possible in
order to allow the AD patient the time necessary to understand what the cartographic
media is designed to represent.
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CHAPTER FOUR

Design and Implementation
The choice of designing and implementing a 3D tactile map was chosen based on
the information provided in the framework located in Table 3 on page 31. Tactile maps
may be useful for individuals already suffering from spatial cognitive impairment. Such
maps may supplement the spatial cognition functions for AD patients as it does for

Figure 7: Image of first prototype being designed in SketchUp.
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visually impaired users. The design and implementation of the rapid prototype model (3D
tactile map) began with the uploading of the image of the house plan to be used as the
prototype to the SketchUp design software. After some manipulation placing the photo
on the right axis work on the first prototype to be modeled took shape. From there work
could commence on building the 3D model of the home that would be utilized as a form
of cartographic media.
Initially the design of the 3D model was complicated since every layer placed
upon the image made that part of the image disappear. After some further design
alterations it became clear that modeling the exterior and interior walls would have to be
placed prior to the floor of the structure. Walls had to be designed to take into account
door and window openings. Door openings are identified as complete gaps between
walls and windows are identified as indentations in the height of the wall in order to show
some tactile changes. The concept is that the AD patient will recognize the gap in the
exterior wall as a doorway to the outside and that the indentations will be observed as
windows to the outside world. This concept is purely hypothetical and would have to be
tested on AD patients in future research. See figure 7 for initial design detail.
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Figure 8: Image showing detail of first prototype being developed in SketchUp.

All walls in the 3D model are designed to be approximately the same height;
however future designs can look at varying the height of interior walls so that each one is
more flush with the surface of the 3D model, or tactile map. Once all the walls were put
in place then the floor of the model could be filled in in order for the entire model to be
observed as one unit. The surface of each 3D model is the same height throughout since
the floor plan being used to build the 3D model upon is of a ranch style home popular
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from the 1950s until the 1970s. A home of this design style was chosen because many
individuals suffering from AD are likely to reside in a ranch style home due to their age
and the time period at which they likely purchased their homes.

Figure 9: Image showing detail of staircase going to basement of home in first prototype being designed in
SketchUp.

The first version of the 3D model is very simple and rudimentary. Apart from the
walls as being the main tactile element, the staircase down to the basement was modeled
for further tactile detail (Figure 9). This model was designed to test the functionality of
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SketchUp and allow the author to create a 3D model foundation from which the other 3D
models can be built upon. The first model does not use any standard cartographic
representations. Conversely it is simply a tactile map showing the layout of a house
likely to be home to someone suffering from AD.
Additional detail was incorporated into the second version of the 3D model
(Figure 10). For instance, simple circular shapes were placed at elevated levels to show
the user where the bathroom is located in the house as well as an elevated hexagon to
display where the dining room table was located. More detailed symbols such as a bed
and a sofa were utilized to show where the bedroom and the living room were located. It
is believed that by using symbols such as a bed and a sofa the map user would be able to
easily identify the purpose of the rooms where those symbols are located (Figure 11).
Further research would need to be conducted in order to test this hypothesis. Figure 10
on the following page shows the second version of the 3D model. Note the added detail
of the bed, sofa, table, and symbology for the bathrooms located throughout the design.
Future iterations of this design can take symbols to more figurative levels with more
detail further enhancing the user experience.
The first and second 3D cartographic media examples were designed to be mobile
in order to be carried around the household by the individual suffering from AD. While
the first example is void of any symbology, it is still designed to be a basic guide of the
AD patient’s home. The second example takes into account symbology in order to help
the AD patient find his or her way around their home. Despite the small size of the
models it is envisioned that the tactile nature of the 3D cartographic media will be
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enough to assist the AD patients in spatial navigation of their home environments.
Tactile maps are important to study because they to date have not been introduced to this
population group.

Figure 10: Image showing version two of the design with added symbology.
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Figure 11: Image showing detail of symbology representing sofa located in the living room.

The third and final model utilized for this thesis is a series of 3D tactile maps with
symbols depicting a “you are here” function. There are three examples of this type of 3D
cartographic media representing the location of the living room, the dining room, and the
master bedroom. It is hypothesized that by placing these 3D tactile maps in a single
location within the room the AD patient would be able to isolate their location within the
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structure to correspond with the “you are here” symbol located within the map itself.
Practical locations for placing these static 3D tactile maps could be above the light
switch, thermostat, or on an end table where the AD patient would have easy access to
the map therefore potentially increasing their ability to pinpoint their location within the
home environment. “You are here” maps are very common the world over so it was a
natural progression to have an example of a series within this thesis document. Below
(Figure 12) is an example of how the 3D tactile “you are here” map was designed in
SketchUp for this thesis.

Figure 12: Image showing example of "you are here" symbology.
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CHAPTER FIVE

Results and Findings
The development of rapidly prototyped 3D models through the use of modern
technology has provided science with the ability to be creative when it comes to
designing and implementing new tools for use by a number of different population
groups. The purpose of this thesis was to examine the possibility of developing 3D
cartographic tools (tactile maps) for people suffering from AD based off of information
gathered from an extensive literature review. The following chapter takes a look at the
results of this project, offers suggestions of rooms for growth, and identifies possible
future adaptations.
As previously mentioned in the methodology section, the main purpose of this
thesis is to design and implement a rapid prototype 3D model (tactile map) of a home in
order for an individual suffering from AD to perform certain tasks and to identify the
purpose of individual rooms located within the model. The first 3D model took a
simplistic approach to this task and provides a basic layout in tactile map form of what a
popular home from the 1950s to the 1970s would look like. As you can see in the figure
13 below the 3D model translated very well from design to final product. The overall
texture of the tactile nature of the design is retained while providing basic information as
to the location of various rooms within the home environment. This 3D model, however,
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would not be useful to someone with AD because it does not contain enough information
to relay to the user in fact what room that person is located in. The second 3D model

Figure 13: Rapidly prototyped tactile map based off of the first design from chapter 4.

takes these shortcomings into consideration and provides enhanced detail for the end
user.
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It is envisioned that the incorporation of symbols such as the ones in the second
model will improve the quality of user the interface. The hypothesis is that the individual
using the 3D model, or tactile map, will be able to identify the purpose of each room
based on the symbol placed within each room. As eluded before in chapter four, the
placement of a symbol depicting a sofa should elicit the notion that that room is the living
room. The same concept can be made for the symbol depicting the bed. The inclusion of
a bed shaped symbol should allow the user to identify that room as the bedroom. Future
models should have the ability to include symbols shaped like toilets to depict the
location of bathrooms and potentially symbols that are shaped like household appliances
to denote the location of the kitchen.
Figure 14 on the following pages show detail of how a rapid prototype 3D model
can be used to create a tactile map of a home that can be used by AD patients to navigate
around their home environment. Although this model is rudimentary in design, it is
hypothesized that the user will be able to identify the location and utility of certain rooms
through the use of the symbolization incorporated in the design. As mentioned in the
previous paragraph, it is envisioned that the AD patient will be able to complete certain
tasks based on the symbols located in the rooms within the tactile map. These tasks
include locating the bedroom or living room, also the bathroom and even the
kitchen/dining room area. The idea is that the tactile map will allow the AD patient to
rely less on a caregiver when it comes to navigating around a home environment and
allow them to be more independent providing the primary caregiver with momentary
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times of respite. It is
believed that periods of
respite for the caregivers
will allow that individual
to provide better quality of
care for the AD patient.
The third and final
version of the 3D model
was built off of the
foundation of the first 3D
model with the added
Figure 14: Image showing detailed 3D modeled tactile map.

benefit of “you are here”
representation. For each
of the three examples of

this 3D model a cylinder was placed within the room where this 3D model would reside.
The drawback of using one color to create 3D printed cartographic product is that when a
symbol or other aspect of the map needs to have color to relay a message, that color must
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be added manually as in
the case of the “you are
here” tactile maps on the
following page. In order
to achieve the red color
on the symbols depicting
the user’s location on the
map red ink had to be
applied to the tops of the
cylinders.
The top tactile
map depicts the location
of the master bedroom,
while the second and third
depicts the locations of
the dinning room and the
living room. Maps such
as these should remain in
a single location such as a
place mounted above a
Figure 15: Image showing all three examples of the “you are here” 3D
modeled tactile map.
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light switch or placed on

an end table or nightstand as long as the tactile maps are in easy view or reach of the
person with AD.
Future versions of this model must take into account the size of the final product.
While these versions may be small, roughly the size of an index card, and easy to use, it
may be too small for someone that has AD to use considering the age of that individual.
Patients with AD may also have other maladies such as arthritis and may not be able to
utilize a model that is the size of an index card. It is also hypothesized that future
iterations of the model can include different polymer colors or features to enhance
usefulness. Glow in the dark polymers could have the potential of allowing the AD
sufferer the ability to locate the tactile map in darkened rooms or at night when the lights
are out. Whereas color, despite the possibility of it being lost to the AD patient, may
enhance the overall appearance and usefulness of the tactile map through improved
symbolization and color representation thus providing caregivers with the opportunity to
assist the AD patient with using the 3D cartographic product. The addition of text would
also be very beneficial for the user of these 3D cartographic mapping products in future
iterations of this map. Finally, the addition of haptic feedback could benefit the end user
in future representations of the model where there are hazards or barriers that can impede
the movement of the individual using the map (Rice et al., 2011, pp 280). Such hazards
or barriers can be updated in real-time to help individuals with AD navigate around the
surrounding environment with ease (Rice et al., 2011, pp 280).
Overall the second and third 3D models and the subsequent tactile mapping
products have a greater ability of assisting an AD patient with navigation through a home
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environment. This is, however, an assumption that would have to be tested on
individuals suffering from AD in future versions of this study. This thesis sets the
framework for future works to be done in the field of assisting AD patients with
cartographic media.
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CHAPTER SIX

Conclusion and discussion
The topic of this thesis sets out to explore whether or not cartographic media aids
are suitable to assist patients with AD navigate around their immediate surroundings.
The study has also sought to know whether what forms of cartographic media would be
the most appropriate for this population group. The global literature on this subject is
inconclusive on several key questions within overall topic. The study sought to answer
three of these questions:




How does AD affect spatial cognition in each of the three stages of the
disease?
How can 3D mapping aid AD patients in a home-based environment?
What are the 3D cartographic design criteria for this model?

As mentioned in chapter 2 of this thesis, AD has three major stages that are
associated with it; they are mild, moderate, and severe (Alzheimer’s Association, 2015).
From the research it was determined that AD patients suffering from the third or severe
stage of the disease would not be able to utilize any form of cartographic media. In
general, these patients are confined to assisted care or nursing home facilities and require
round-the-clock care (Alzheimer’s Association, 2015). This group would therefore
theoretically not benefit from the development of AD friendly cartographic media.
Omitting the third stage of AD left the first and second stages as possible
candidates to benefit from AD friendly cartographic media. AD patients in the first stage
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of the disease are, depending on the patients, fully capable to function independently and
continue to live and work as though there is nothing awry. However, as the disease
progresses their ability to function normally without err will increase as their abilities to
comprehend spatial cognition begin to deteriorate at exponential rates leading from a
transition from stage I of the disease to stage II of Alzheimer’s (Alzheimer’s Association,
2015). Stage II, or the middle-stage of AD, lasts the longest out of the three stages of the
disease. It is during this stage that spatial cognition is severely affected most notably by
patients increased risk of wandering and becoming lost (Alzheimer’s Association, 2015).
(For the purposes of this thesis stage two was divided into stage IIa and stage IIb.)
Caregivers and staff at assisted care and nursing home facilities will notice that they will
have to increase their attentiveness with AD patients as the disease progresses towards
stage III. With the information associated from these two stages it was hypothesized that
AD friendly cartographic media could be developed to help increase the relative
independence of AD patients. Therefore, it is hope that cartographic media developed
specifically for that AD patient could assist them with everyday life and limit the effects
of spatial cognition loss for some period of time.
Research from a literature review has shown that spatial cognition loss is one of
the most notable symptoms of AD. Spatial cognition is important because it helps us
navigate the world around us. It is defined as an ability by which an individual obtains
knowledge of their surroundings and to effectively assess this information in order to
navigate through the surrounding environment (Tommasi, 2012, pp 799). This is
important because as AD progresses from one stage to the next, or even throughout the
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duration of a single stage, one’s ability to navigate throughout a spatial environment is
greatly diminished leading to an increase in AD patient immobility.
The leading question here is how would a patient suffering from AD use or
comprehend any form of cartographic media? Let’s begin by going back and looking at
the literature that was reviewed for this thesis project. It is widely agreed upon that AD
has been and will continue to be an on-going heath crisis around the world as population
figures grow and people begin to age and live longer lives (Alzheimer's Association,
2015). Also, an abundance of information about the three different stages of AD and
how each stage affects the patient both physically and cognitively has been observed and
researched (Alzheimer's Association, 2015). It has also been found that patients with AD
that have been studied to measure way-finding and spatial cognitive abilities have shown
confusion and in many cases an inability to recall recent trips, landmarks, and other wayfinding markers (Monacelli et al., 2003, pp 1492–1493). While some AD patients were
able to recount a recent trip following an experiment on a blank map, errors were still
made due in large part to the approaches from the research teams (Monacelli et al., 2003,
pp 1492–1493). Many of the studies that were researched for the literature review
portion of this thesis focused on AD patients being taught route learning in a real world
environment (deIpolyi et al, 2007, pp 987) or virtually using a virtual reality simulator
(Spiers and Maguire, 2007, pp 921). Golledge, Lobben, and Passini all looked at AD
patients and their abilities to navigate using way-finding as their primary means of
navigation through an environment. However, all of these studies have one thing in
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common, the lack of any form of cartographic media designed to help AD patients
navigate through their immediate environment.
Research has shown that early in the development of AD, during stage I and the
beginning part of stage II (stage IIa), that AD patients either have fully functioning or
limited spatial cognition abilities. What the research does not show is whether or not an
AD patient has the ability to comprehend cartographic media. Would an AD patient be
able to determine whether or not north is up or would they be able to discern what a north
arrow is indicating? Could an AD patient still understand what a symbol can mean or
what a specific color represents on a piece of cartographic media? While the literature
does not account for any AD patient’s abilities to understand cardinal directions it does
indicate that some AD patients have the ability to decipher what a landmark is when it
comes to way-finding. This suggests that an AD patient may be able to comprehend what
a symbol on cartographic media represents in the real world. AD patients may still be
able to comprehend what cartographic symbology represents and therefore will be able to
understand what is being illustrated or modeled for them on cartographic media.
The analysis of the literature review as well as the development of a framework
lead to the creation of three examples of rapidly prototyped 3D cartographic media for
this thesis. The first prototype was designed to be a basic tactile map of a single family
home built in a style that would be popular amongst AD patients. It was also developed
as a foundation from which the other prototypes could be built upon. The second
prototype takes off where the first prototype stopped and introduces the concept of
symbology. It is envisioned that the AD patient using this form of cartographic media
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would be able to discern the purpose of a room based on the corresponding symbol
located within the room. For the purposes of this prototype four symbols were used to
illustrate the purpose of four rooms located within the tactile map (cartographic media).
More complex symbols such as a bed were added to represent a bedroom and a sofa was
added to represent the living room. More simple symbols such as a circle and a hexagon
were added to represent the bathroom and the dining room respectively. The third and
final prototype built off of the concepts brought into the second prototype and introduces
a new concept, that of the “you are here” type of map common in facilities and other
locations around the world. Unlike the first two prototypes, the third is envisioned to stay
located in one place rather than being able to be moved around the location like the other
two prototypes. There are three examples of this prototype, each one slightly different
and incorporating the use of the “you are here” symbol in different locations of the
cartographic media.
Based on the literature 3D designed cartographic media might have the potential
to allow for the greater independence of AD patients when it comes to navigation around
their own homes. The designs used in this thesis have not been verified by any other
sources. With this information at hand it is apparent that moving forward with rapidprototyping to develop cartographic media for AD patients is a generally good idea
despite the inability to test on AD patients in the field at this moment in time. Rapid
prototyping will also allow for the quick and efficient adjustment of cartographic media
to meet the needs of the AD patient be helped by such cartographic media. Perhaps as
the AD patient progresses through the stages of the disease more information can be
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added (or rather information can be deleted) to further assist the AD patient in
maintaining some level of personal independence. Once the changes are made a rapidly
prototyped cartographic media model can be produced with a quick turnaround making
life for the AD patient somewhat easier.
3D and augmented reality technologies have the potential to benefit future
research in 3D mapping for individuals with AD. These developments can range
anywhere from tactile maps with haptic feedback to holographic maps or mobile
computing applications. Advancements and market developments in 3D printing also
have the potential to allow individuals to print out 3D maps at home. As the price of this
technology decreases, it opens up the possibility of increased access to the technology for
many individuals.
This topic was extremely difficult to cover with very limited information
available at the time of research. It is the hope that this thesis will be used to spearhead
future research that can ultimately allow AD patients the ability to freely navigate their
surrounding environment. The design of these 3D printed models is based on literature
research and needs to be tested in a research setting with AD patients. Such testing and
such work should be done in collaboration with AD experts and would hopefully help
enable future generations of AD patients to be spatially independent.
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