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Abstract

This thesis explores design interventions for individuals with 
Developmental Topographical Disorientation (DTD) and others with 
weak navigational skills. “DTD refers to the lifelong inability to orient in 
extremely familiar surroundings despite the absence of any acquired brain 
damage or neurological disorder” (Iaria & Burles, 2016) This research 
focused on addressing the gap between allocentric navigation (map-
based, provided by technology) and egocentric navigation (personal 
perspective), which many individuals with DTD struggle to translate 
HHFWLYHO\�LQ�WKHLU�GDLO\�OLIH��

The research goal was to explore how to better support individuals 
in bridging the gap between these two navigational perspectives. 
ΖQWHUYLHZV�ZLWK�VWXGHQWV�DQG�UHFHQW�JUDGXDWHV�ZKR�VHOI�LGHQWLȴHG�DV� 
having poor navigational skills revealed low spatial anxiety, likely due to 
their reliance on GPS. Based on these interviews and navigation 
WHFKQRORJ\�UHVHDUFK��ZD\ȴQGLQJ�JXLGHOLQHV�ZHUH�GHYHORSHG�� 
emphasizing clear visual landmarks that simplify the cognitive 
translation between map-based and personal navigation.

A design concept was created which presents the directions to take in a 
landmark based map, with a song as a mnemonic aid to learn the 
navigation instruction. Focusing on how individuals use both allocentric 
and egocentric perspectives to navigate an evaluation with participants 
who self identify as not having good navigation skills, navigated a 
virtual environment using the concept. Results showed that while a 
multisensory approach can be useful, clear and simple 
YLVXDO�FXHV��VXFK�DV�WKH�VHOHFWLRQ�RI�RQH�VSHFLȴF�ODQGPDUN�SHU�GHFLVLRQ� 
SRLQW��DUH�PRUH�HHFWLYH�LQ�DLGLQJ�QDYLJDWLRQ�

In conclusion, the study shows design guidelines to simplify the 
transition between allocentric and egocentric navigation, and to 
motivate the user to memorize the route rather than relying solely on 
technology or multisensory tools. It also highlights the need 
IRU�JUHDWHU�DZDUHQHVV�RI�'7'�DQG�RHUV�LQVLJKWV�LQWR�GHVLJQLQJ� 
accessible, user-centered navigation tools.
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Preface

This master’s thesis, part of the MSc. Design for Interaction program 
at TU Delft, explores how people interact with their environment to 
develop innovative, user-centered design concepts that are feasible, 
desirable, and viable. Focusing on Developmental Topographical 
Disorientation (DTD), the study emphasizes the need for empathy 
in understanding the challenges faced by those with cognitive 
QDYLJDWLRQ�GLɝFXOWLHV��)RU�LQGLYLGXDOV�ZLWK�'7'��QDYLJDWLQJ�HYHU\GD\�
VSDFHV�SUHVHQWV�VLJQLȴFDQW�FKDOOHQJHV�WKDW�DHFW�WKHLU�TXDOLW\�RI�OLIH��
Therefore, understanding how these users think and feel is critical to 
creating solutions that genuinely meet their needs.

In collaboration with Professor I. van der Ham from Leiden 
University, who specializes in spatial thinking in both real and virtual 
environments, this project draws on a combination of neurocognitive 
research and applied clinical insights. Her expertise provides a 
foundation for exploring DTD from a user-centered perspective, which 
has been less emphasized in existing research. By focusing on the 
lived experiences of individuals with DTD, this project seeks to bridge 
the gap between clinical understanding and practical design solutions 
WKDW�LPSURYH�ZD\ȴQGLQJ�

The project also explores how technology, particularly auditory and 
interactive tools, could be employed to enhance navigational abilities. 
While GPS systems have become widely available, this research 
TXHVWLRQV�ZKHWKHU�UHO\LQJ�VROHO\�RQ�VXFK�WHFKQRORJ\�LV�HQRXJK��
Instead, it aims to demonstrate how new approaches can support 
individuals with poor navigation skills in developing a stronger 
VHQVH�RI�RULHQWDWLRQ��HPSRZHULQJ�WKHP�WR�IHHO�PRUH�FRQȴGHQW�DQG�
independent in their daily lives. Ultimately, the project seeks to 
improve not only the understanding of cognitive conditions like DTD 
but also the broader implications for design in accessible navigation 
systems.

Everyday activities involve using our sense of orientation, such as 
navigating to work, the grocery store, or visiting friends. Typically, after 
visiting a place a few times, we can remember the route. However, 
some people struggle to remember routes even after multiple visits, 
not due to a poor sense of direction but because of an inability to 
IRUP�PHQWDO�PDSV�RI�IDPLOLDU�URXWHV��7KLV�FRQGLWLRQ��GLHUHQW�IURP�
getting lost in new or complex environments, is called Developmental 
Topographical Disorientation (DTD).

“Developmental topographical disorientation (DTD) refers to the lifelong 
inability to orient in extremely familiar surroundings despite the 
absence of any acquired brain damage or neurological disorder” (Iaria 
& Burles, 2016). DTD is an innate condition, meaning some people are 
born with it and have struggled with orientation throughout their lives 
without an obvious cause. People can also just have Topographical 
Disorientation, which is when the lack of mental imagery regarding 
navigation & orientation happens because of a trigger such as a 
stroke or advancing Dementia. Navigating and orienting oneself is an 
HVVHQWLDO�VNLOO�IRU�GDLO\�URXWLQHV��\HW�SHRSOH�ZLWK�'7'�IDFH�VLJQLȴFDQW�
FKDOOHQJHV��0DQ\�DUH�XQDZDUH�WKDW�WKHLU�QDYLJDWLRQ�GLɝFXOWLHV�VWHP�
IURP�D�VSHFLȴF�FRQGLWLRQ�

Although the terminology is evolving, with DTD also being referred 
to as spatial dyslexia or spatial aphantasia, we will use the term DTD 
IRU�VLPSOLFLW\��7KLV�OLIHORQJ�FRQGLWLRQ�DHFWV�KRZ�LQGLYLGXDOV�QDYLJDWH�
their surroundings, for which they need to develop coping strategies 
for everyday activities. Despite the prevalence of this condition, few 
SHRSOH�UHDOL]H�WKDW�WKHUH�LV�D�VSHFLȴF�QHXURORJLFDO�UHDVRQ�EHKLQG�WKHLU�
navigation challenges. 

Through this research, it will be possible to better understand DTD, its 
impact on individuals, and to explore potential design interventions or 
WRROV�WKDW�FRXOG�DLG�WKRVH�DHFWHG�LQ�LPSURYLQJ�WKHLU�QDYLJDWLRQ�VNLOOV�

Introduction
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Problem Statement

Developmental Topographical Disorientation (DTD) is a relatively 
recent discovery, and as such, there is a limited number of 
FRPSUHKHQVLYH�VWXGLHV�DQG�WDLORUHG�VROXWLRQV�DGGUHVVLQJ�WKH�XQLTXH�
challenges faced by this user group. The available research tends to 
be clinical, focusing on extreme cases of DTD and overlooking the 
spectrum of individuals who may experience milder forms of the 
condition.

5HJDUGLQJ�WKH�VFRSH�RI�ZD\ȴQGLQJ�GHVLJQ��OLWWOH�KDV�EHHQ�H[SORUHG�
related to this condition. While some products and services for 
navigation are very functional for the general population, they often 
GR�QRW�PHHW�WKH�VSHFLȴF�QHHGV�RI�LQGLYLGXDOV�ZLWK�ZHDN�QDYLJDWLRQDO�
VNLOOV�LQ�HYHU\GD\�ZD\ȴQGLQJ��7KLV�ODFN�RI�VXSSRUW�LPSDFWV�WKHLU�GDLO\�
life, increasing a constant feeling of disorientation and limiting their 
independence in familiar environments. 

However, the focus of this project is not on medical interventions 
or treatments. Instead, it is dedicated to designing technology that 
can enhance navigation for people with DTD in practical, everyday 
situations.

By adopting a user-centered design approach, this project aims to 
create accessible technological tools and strategies that improve 
ZD\ȴQGLQJ�IRU�LQGLYLGXDOV�ZLWK�ZHDN�QDYLJDWLRQDO�VNLOOV��DV�ZHOO�DV�
making research on DTD more accessible to the general public. 
This project explores the experiences, challenges, and needs of 
individuals with DTD, with the goal of designing accessible, everyday 
WHFKQRORJLFDO�LQQRYDWLRQV�WKDW�HPSRZHU�WKHP�WR�FRQȴGHQWO\�QDYLJDWH�
both familiar and unfamiliar environments. Through this, the project 
hopes to empower individuals with DTD and make the research more 
approachable and relevant to everyday life.

To understand DTD from a user centred approach and later applying 
that understanding to a design intervention, the project was divided 
LQ�ȴYH�VWDJHV�VSOLW�DFURVV�WZR�SKDVHV��7KH�WZR�JHQHUDO�SKDVHV�RI�WKH�
project are Research & Design. 

For this, the expanded adaptation of the Double Diamond Framework 
for Innovation proposed by Design Council, originally in 2004, is used 
as a guideline for the process of this project. See the Further Reading 
Section of this document for a detailed description of the phases.

$GGLQJ�RQ�WR�LW��WKH�XQLRQ�SRLQW�EHWZHHQ�'HȴQLQJ�DQG�'HYHORSLQJ�
ZKLFK�LV�WKH�GHȴQLWLRQ�RI�WKH�SUREOHP�WKDW�ZLOO�EH�VROYHG�LQ�WKH�
following stage. This expanded version also separates the Outcome 
from the Deliver stage, which better suits this project timeline as a 
ȴQDO�FRQFOXVLRQ�DQG�UHSRUWLQJ�VWDJH�RI�WKLV�WKHVLV�

Methodology

Figure 1. Methodology: Adaptation of Double Diamond Framework for Innovation  



10 11

1.1 DTD at a glance 

1. Discover: 1. Discover: 
Literature ReviewLiterature Review

1.1 DTD at a glance

ù҅�(ĤǰűōűĿ�(Á(

a. Navigation Technology

ĕ҅�0ǞōƪƸōűĿ�ǙùǟǰűĝōűĿ�ĿǀōĝĤŦōűĤƪ

b. Cognitive elements of navigation

c. Living with DTD

Є҅Ѕ�áùǟǰűĝōűĿ�ĝĤƪōĿű

DTD is a relatively newly discovered condition, having less than 15 years since the 
ȴUVW�FDVH�ZDV�SXEOLVKHG�E\�D�WHDP�RI�&DQDGLDQ�UHVHDUFKHUV�OHG�E\�*��ΖDULD�

7KH�ȴUVW�GHȴQLWLRQ�RI�'7'�ZDV�SUHYLRXVO\�UHIHUUHG�WR�DV�“a lifelong cognitive disorder 
characterized primarily by an inability to encode large scale environmental layouts” 
(Iaria et al., 2009). 

'7'�LV�GLHUHQW�VLQFH�WKH�SHRSOH�ZKR�H[SHULHQFH�JHWWLQJ�ORVW�LQ�IDPLOLDU�
surroundings have done it their entire life. They tend to have memories from their 
childhood or teenage years, usually when you start gaining some autonomy and 
start orienting on your own.

“Individuals with DTD get lost on a daily basis in familiar places, such as the 
neighbourhood where they have lived for their entire lives, or, in some cases, their 
own homes” (Iaria & Burles, 2016).

Not having a grasp of the spatial environment in an unfamiliar context such as a new 
city or a parking lot, is to be expected of most people. In individuals with average 
memory and spatial awareness, it can take a few times to generate a mental map 
RI�WKH�VXUURXQGLQJV�EHFDXVH�WKLV�XVXDOO\�UHTXLUHV�UHSHWLWLYH�H[SRVXUH��1RQHWKHOHVV��
there is a group of people who are never able to form this cognitive map, which 
GHȴQLWLRQ�LV�GHVFULEHG�LQ�ȴJXUH���EHORZ��

ù҅�(ĤǰűōűĿ�(Á(

“A cognitive map can be formed when an individual has gained 
FRQȴJXUDEOH�NQRZOHGJH�RI�DQ�HQYLURQPHQW��XQGHUVWDQGLQJ�WKH�
location of landmarks in space with respect to each other) allowing 
the formation of a mental representation of the surrounding.”

(Farran et al., 2015)

)LJXUH����'HȴQLWLRQ�RI�D�FRJQLWLYH�PDS
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What makes a person qualify for having 
DTD?

Since other cognitive conditions such as ADHD and Dyslexia can also 
DHFW�FRJQLWLYH�PDSSLQJ��ZLWK�VSDWLDO�RULHQWDWLRQ�VKDULQJ�WKH�VDPH�
mental connections, there is not yet a clear distinction whether the spatial 
disorientation of these people is a symptom of other cognitive disorders and 
not DTD exclusively. For this reason, when recruiting participants for a study 
on DTD, it is better to focus on people without additional cognitive complaints 
or mark down their presence for accurate data analysis.

According to Iaria et al. (2014) DQG�VXEVHTXHQW�UHVHDUFK��'7'�LV�GHȴQHG�E\�
IRXU�PDLQ�UHTXLUHPHQWV�

People with DTD (DTDers for short) often lead normal lives without realising 
they have a cognitive condition. Many assume they are simply bad at 
QDYLJDWLRQ��EHOLHYLQJ�RWKHUV�IDFH�VLPLODU�GLɝFXOWLHV��ΖWȇV�XVXDOO\�QRW�XQWLO�WKH\�
HQFRXQWHU�VRPHRQH�ZLWK�VWURQJ�QDYLJDWLRQDO�VNLOOV�WKDW�WKH\�EHJLQ�WR�TXHVWLRQ�
their own abilities.

Earlier studies focused on extreme cases, where individuals seek professional 
KHOS�GXH�WR�WKH�VLJQLȴFDQW�LPSDFW�RQ�WKHLU�OLYHV��0RUH�UHFHQWO\�WKHUH�DUH�
JHQHUDO�GHȴQLWLRQV�RI�WKLV�FRQGLWLRQ�ZLWK�VSHFLȴF�FULWHULD�WR�GLDJQRVH�D�SHUVRQ�
with DTD. These studies often still highlight severe impairments, but milder 
symptoms of DTD can go unnoticed for a person’s entire life, as the condition 
has no obvious physical or personality traits.

“All individuals with DTD get lost in familiar environments, but the degree to 
which a given individual struggles with getting lost, as well as other related 
processes, varies between cases” (Iaria & Burles, 2020). Research, like this 
UHFHQW����\HDU�VWXG\�RI�������SDUWLFLSDQWV��VKRZV�WKDW�'7'�SUHVHQWV�GLHUHQWO\�
in individuals. For instance, some struggle to form cognitive maps, while 
others may excel in certain spatial skills but struggle with mental rotation tasks 
(understanding which direction “North” is). Or sometimes they are capable of 
navigating well but it just takes them a longer time to achieve the task. This 
variability suggests the need for a clearer spectrum of DTD severity, possibly in 
mild, moderate, and severe categories, to better understand and diagnose the 
condition.

It is important to acknowledge that individuals with DTD may not be aware 
that getting lost is an uncommon experience for the general population. As it 
has been noted in recent studies�Ȋ'HVSLWH�GLɝFXOWLHV�LQ�HVWLPDWLQJ�GLVWDQFHV�
and navigation, DTD participants report relatively low spatial anxiety. This 
suggests that people born with navigation problems experience less fear of 
getting lost.” (Stofsel, 2024)

DTDers have likely faced repeated situations of getting lost throughout their 
lives, leading them to develop coping mechanisms and strategies, such as 
IRFXVLQJ�RQ�ODQGPDUN�UHFRJQLWLRQ��WKDW�PDNH�WKHLU�QDYLJDWLRQDO�GLɝFXOWLHV�IHHO�
OHVV�SUREOHPDWLF��8QOLNH�WKRVH�ZKR�DFTXLUH�WRSRJUDSKLFDO�GLVRULHQWDWLRQ�ODWHU�
in life, DTDers may not view their lack of navigational skills as a major issue 
because they have learned to manage it over time. However, during critical 
periods of gaining independence, such as adolescence or early adulthood, 
WKHUH�PD\�KDYH�EHHQ�VLJQLȴFDQW�VWUHVV�UHODWHG�WR�JHWWLQJ�ORVW��SURPSWLQJ�WKH�
development of these coping strategies.

Additionally, DTD can take an emotional toll in self perception. This is further 
explain in the chapter 1.1.c. Living with DTD on page 21 of this report.

How can DTD impact a person?In 2022, a group of researchers from the Department of Psychology 
of Sapienza University of Rome ȊFRQȴUPHG�WKDW�WKH�UDWH�RI�RFFXUUHQFH�
RI�WKH�GLVRUGHU�LV�QRW�D�UDUH�FRQGLWLRQ��UDWKHU��LW�DHFWV����RI�\RXQJ�
people undermining their autonomy and ability to work away from family 
boundaries.” (Piccardi et al., 2022). This study analysed the presence of 
DTD in 1,698 young Italians and found this disorder in 3 % of their sample, 
VSHFLȴFDOO\�LQ�D�SRSXODWLRQ�LQ�WKH�DJHV�EHWZHHQ����WR����\HDUV��LQGLFDWLQJ�D�
possibility of a lot of people having it worldwide.

• Getting lost in extremely familiar surroundings

• Experiencing the orientation problem consistently from childhood or 
adolescence (i.e. the stage at which we would expect and individual 
to begin independently navigating)

• Reporting no brain injury or neurological condition

• Reporting no other cognitive complaints* 
(e.g. attentional, perceptual, or memory issues)

*requirement for research study recruitment but not necessary for a DTD diagnosis

1

2

3

4
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What daily activities do DTDers struggle 
with?

$FFRUGLQJ�WR�ΖDULDȇV�ODWHVW�VWXG\��WKH�PDLQ�GLHUHQFH�EHWZHHQ�'7'HUV�DQG�D�
control group was “the ability to recognise and imagine familiar places, as well 
DV�VXFFHVIXOO\�GLHUHQWLDWLQJ�EHWZHHQ�ZKLFK�VLGH�LV�WKHLU�OHIW�DQG�WKHLU�ULJKW�ȋ�
Analysing the raw data of unpublished research of I. van der Ham & M. Stofsel 
(2024).���ȴJXUH���LOOXVWUDWHV�D�IHZ�RWKHU�H[DPSOHV�RI�DFWLYLWLHV�WKDW�WHQG�WR�EH�
GLɝFXOW�IRU�SHRSOH�ZLWK�'7'��

All these activities are related to spatial orientation and navigation. In order to 
XQGHUVWDQG�ZKDW�SHRSOH�ZLWK�'7'�VHH�LQ�WKHLU�PLQG�LQVWHDG�RI�D�PDS��ȴUVW�LW�
is necessary to understand the basic cognitive elements of navigation.

These unpublished comments made by participants of that qualitative study have been rephrased to protect 
WKHLU�SULYDF\��7KH\�DUH�VWLOO�LQFOXGHG�LQ�WKLV�OLWHUDWXUH�UHYLHZ�VLQFH�WKH\�UHȵHFW�WKH�GLUHFW�WKRXJKWV�DQG�IHHOLQJV�RI�

people struggling with DTD. This is crucial for a user centered design approach such as this project. 

It is also important to distinguish people with other cognitive conditions that 
impair them from having accurate navigational skills.

In the past, severe lack of spatial orientation, as seen in DTD, was believed to 
be part of conditions like Aphantasia and Agnosia. Agnosia is a disturbance 
of perception characterized by the inability to recognize familiar objects, 
people, sounds, shapes, or smells, despite the absence of memory issues 
or basic sensory impairments (Perrotta, 2020). Since Agnosia manifests in 
GLHUHQW�ZD\V��XQGHUVWDQGLQJ�'7'�IXOO\�UHTXLUHV�FRQVLGHULQJ�ZKHWKHU�RWKHU�
neurological conditions might be the primary cause of spatial disorientation. 
Additionally, individuals who experience both spatial and object imagery 
GHȴFLWV�RIWHQ�IRFXV�PRUH�RQ�WKHLU�REMHFW�LPDJHU\�FKDOOHQJHV��%OD]KHQNRYD�	�
Pechenkova, 2019), suggesting that someone struggling with another form of 
YLVXDOL]DWLRQ�GHȴFLW�FRXOG�DOVR�EH�DHFWHG�E\�'7'�

Apart from focusing on object recognition, there are also varying levels of 
KRZ�YLYLGO\�SHRSOH�LPDJLQH��ZKHUH�WKHUH�LV�DOUHDG\�D�VWDQGDUG�FODVVLȴFDWLRQ�RI�
YLVXDO�YLYLG�LPDJHU\��3HRSOH�YLVXDOL]H�WKHLU�WKRXJKWV�RQ�GLHUHQW�OHYHOV, 
“there are people with aphantasia or “aphantasics,” who can’t visualize at all.
On the opposite end, are people with hyperphantasia or “hyperphantasics,” 
who have an incredibly vivid imagination. Their imagination is so vivid that 
it’s almost like they’re really seeing it.” (Aphantasia Network. n.d.) This 
FODVVLȴFDWLRQ�ZLOO�EH�IXUWKHU�H[SORUHG�LQ�3KDVH����'HVLJQ�RI�WKLV�SURMHFW��

“Most individuals with aphantasia can lead functional, ordinary lives, with 
PDQ\�LQGLYLGXDOV�UHDOL]LQJ�WKHLU�LPDJHU\�H[SHULHQFH�GLHUHG�IURP�WKH�PDMRULW\�
only in adulthood” (Bainbridge et al., 2021). Interestingly, recent research, 
like Keogh’s and Pearson’s 2018 study, found that while individuals with 
aphantasia were impaired in all measures of visual object imagery, they were 
not impaired in their spatial imagery. In fact, they rated their use of spatial 
imagery higher than a control group, even though this wasn’t statistically 
VLJQLȴFDQW�(Keogh & Pearson, 2018).

Object aphantasia refers to the inability to visualize objects, whereas 
VSDWLDO�DSKDQWDVLD�UHIHUV�WR�WKH�GLɝFXOW\�YLVXDOL]LQJ�VSDWLDO�UHODWLRQVKLSV�
and properties (Blazhenkova & Kozhevnikov, 2016). This distinction is crucial 
EHFDXVH�RYHUODSSLQJ�V\PSWRPV�EHWZHHQ�GLHUHQW�FRJQLWLYH�FRQGLWLRQV�FDQ�
sometimes lead to confusing DTD with other issues.

Recent research by M. Stöfsel remarks that “Although a possible relationship 
between DTD and aphantasia could be suggested from the literature, the 
study indicates that a strong overlap between DTD and aphantasia is unlikely.” 
(2024). For the purpose of this study, however, aphantasia will be considered 
a separate condition from DTD.

Is DTD an exclusive cognitive condition?

)LJXUH����'DLO\�DFWLYLWLHV�DHFWHG�E\�'7'
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How can DTD be diagnosed?
“One important issue in diagnosing DTD is distinguishing these subjects 
from those healthy individuals with a ‘poor sense of direction’, who merely 
perform at the low end of the normal spectrum of navigational skills.” (Iaria & 
Barton, 2010). 6LPLODUO\��LW�LV�FUXFLDO�WR�GLHUHQWLDWH�'7'�IURP�RWKHU�FRJQLWLYH�
conditions that impair navigation abilities.

ΖQGLYLGXDOV�ZLWK�'7'�DUH�RIWHQ�LGHQWLȴHG�WKURXJK�VHOI�UHSRUWLQJ��UHFRJQL]LQJ�
WKHLU�RZQ�GLɝFXOWLHV�ZLWK�VSDWLDO�RULHQWDWLRQ��2QFH�WKH\�FRPH�LQWR�FRQWDFW�
with a researcher or clinician, DTD may be formally diagnosed. One activity 
WKDW�LQGLFDWHV�'7'�LV�GLɝFXOW\�SLQSRLQWLQJ�IDPLOLDU�ORFDWLRQV�RU�IRU�H[DPSOH��
locating the entrance of a building once they are inside of it and it is out of 
sight.

“DTD can be diagnosed through a combination of clinical assessments, self-
reported experiences, and specialized cognitive tests.” (Piccardi et al., 2022) 
Usually a diagnosis starts with an interview in which the individual describes 
their experiences with navigation and the impact that these have in their daily 
life. 

$ORQJ�ZLWK�WKDW�WKHUH�DUH�TXHVWLRQQDLUHV�DSSOLHG�WKDW�FDQ�KHOS�TXDQWLI\�WKHLU�
subjective self perception of navigation and orientation. Examples of these 
that have been used for DTD diagnosis are the Santa Barbara Sense of Direction 
Scale developed by Hegarty et al. (2002) and the :D\ȴQGLQJ�4XHVWLRQQDLUH 
developed by Montello et al. (2003).

Nonetheless, with subjective tests there are factors that may hinder the 
diagnosis process of DTD. Van der Ham & Claessen have noted that “the 
HPHUJHQFH�RI�QDYLJDWLRQ�DVVLVWDQFH�RSWLRQV�VLQFH�WKH�ȴUVW�UHSRUW�RQ�'7'��
Currently, many people have technological assistance available to them through 
smartphones and car navigation systems.” (2024)

There are also specialized cognitive tests that can help an individual and 
clinicians identify symptoms of DTD, beyond just the subjective self-reporting 
from the individual. “Neuropsychological tests can evaluate memory, spatial 
reasoning, and other cognitive functions to rule out other potential causes. 
Additionally, brain imaging techniques like MRI or fMRI may be employed to 
examine the structure and activity of the hippocampus and related areas 
involved in navigation. (Piccardi et al., 2022).

Some of these neuropsychological tests can be perceived as games, but for 
SHRSOH�ZLWK�VSDWLDO�RULHQWDWLRQ�SUREOHPV�WKH\�UHVXOW�D�GLɝFXOW�WDVN�WR�EH�
done. The most common form of these are virtual orientation and navigation 
tests, in which the participant needs to analyse an environment and answer 
TXHVWLRQV�DERXW�ZKDW�ZDV�VKRZQ��7KH�WHVWV�IRFXV�RQ�PHQWDO�URWDWLRQ�
exercises, memorisation of landmarks, among other tasks that involve the 
visualization of a cognitive map.

Further explanation on the tools used for this study can be found in Appendix 
���7HFKQRORJ\�IRU�'7'��RI�WKLV�UHSRUW��%XW�LQ�VXPPDU\��'7'�FDQ�EH�GLDJQRVHG�
WKURXJK�WKH�WRROV�WKDW�DUH�GHWDLOHG�LQ�ȴJXUH���

'HYHORSLQJ�WRROV�IRU�GLDJQRVWLF�DQG�GHȴQLQJ�WKH�VSHFWUXP�RI�'7'�V\PSWRPV�
presents a great opportunity for development. However, due to the time 
DQG�UHVRXUFHV�DYDLODEOH�IRU�WKLV�SURMHFW��DV�WKLV�ZRXOG�UHTXLUH�D�FOLQLFDO�VWXG\��
Therefore, this study focuses on DTD as a condition with a wide range of 
V\PSWRPV�DQG�DVVXPHV�WKDW�SHRSOH�ZLWK�VHOI�LGHQWLȴHG�ORZ�QDYLJDWLRQDO�VNLOOV�
can be potential candidates for a DTD diagnostic.

Subjective reporting of symptoms

Questionnaires

In person visualization tests

Virtual orientation & navigation tests

A person recognizes that they have weak navigational 
skills or other people remark that they are getting lost 
IUHTXHQWO\�

6WDQGDUGL]HG�TXHVWLRQQDLUHV�WKDW�TXDQWLI\�WKH�VHOI�
perception of navigational skills such as the Santa Barbara 
Sense of Direction Scale developed by Hegarty et al. (2002).

:KHQ�DVNHG�WR�GUDZ�D�PDS�RI�WKHLU�KRPH�RU�RɝFH��SHRSOH�
with DTD don’t visualize proportions and instead they 
focus on the order of the rooms. The example to the left 
comes from research published by Burles & Iaria, (2020). 

Online 3D environments have been created to asses the 
skills of spatial orientation. The example on the left is the 
Cognitive Map visualization test applied by Burles & Iaria, 
(2020). available at Gettinglost.ca.

fMRI brain imaging
Neurophysiological studies have been involved with 
VKRZLQJ�GLHUHQFHV�ZKHQ�'7'HUV�SHUIRUP�QDYLJDWLRQ�
tasks in computer-based testing. This is an example image 
of an fMRI imaging applied by Rusconi et al. (2021).

Figure 4. Tools currently used for DTD diagnosis.
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6WDUWLQJ�ZLWK�WKH�GLHUHQWLDWLRQ�RI�VSDWLDO�RULHQWDWLRQ�ZKLFK�“involves knowing 
ZKHUH�RQH�LV�LQ�UHODWLRQ�WR�ȴ[HG�RU�PRYLQJ�SRLQWVȋ�vs spatial navigation that is 
the “directed movement with an intended destination and requires knowledge 
of directions and locations” (Psathas, 1976). In other words, a person needs 
orientation of where they are in order to navigate towards a destination.

%HLQJ�DEOH�WR�RULHQW�LQ�WKH�HQYLURQPHQW��DV�ZHOO�DV�QDYLJDWLQJ�WR�D�VSHFLȴF�
GHVWLQDWLRQ�UHTXLUHV�WKH�GLVWLQFWLRQ�RI���EDVLF�HOHPHQWV��WKH�REMHFW��KHUH�
onwards referred to as a landmark), the landmark’s location in space (and 
other surrounding objects) and oneself’s position in relation to the landmark’s 
position.

The same way that these 3 basic elements make spatial orientation possible, 
WKHVH�FDQ�DOVR�EH�DHFWHG�LQGLYLGXDOO\�DQG�FUHDWH�GLɝFXOWLHV�LQ�ZD\ȴQGLQJ�
Ȋ'7'�JURXS�VKRZV�D�GLVWLQFW�QDYLJDWLRQ�SURȴOH��ZLWK�ZHDNQHVVHV�LQ�URXWH�
knowledge, path overview knowledge and location knowledge. In contrast, 
landmark recognition is found to be a strength.” (Stöfsel, 2024).

According to the framework presented by Claessen & van der Ham in 2016, 
these are the main types of navigation impairments that people with DTD can 
VWUXJJOH�ZLWK�

How is navigation seen?

2QFH�KDYLQJ�GHȴQHG�WKH�EDVLF�HOHPHQWV�RI�QDYLJDWLRQ��PHDQLQJ�ȊZKDWȋ�GR�ZH�
see, then we can explore “how” do we see those elements in our head when 
we think of navigation. There are 2 types of perspectives when you need to 
ȴQG�\RXU�ZD\��

• Egocentric view, in which you see a landmark’s position corresponding to 
\RXUVHOI��DV�LI�VHHLQJ�LW�LQ�ȴUVW�SHUVRQ�YLHZ�� 

• Allocentric view in which you see a landmark’s position corresponding to 
the position of other landmarks.

Egocentric navigation tends to be easier to remember since it is the direct 
YLHZ�IURP�RXU�RZQ�SHUVSHFWLYH��$OORFHQWULF��RQ�WKH�RWKHU�KDQG��UHTXLUHV�
the cognitive task of translating a landmark’s position into a mental 
UHSUHVHQWDWLRQ�RI�D�PDS��DV�ZHOO�DV��GRLQJ�PHQWDO�URWDWLRQ�WDVNV�WR�ȴW�WKRVH�
in its correct position corresponding other previously analysed landmarks. 
A combination of both perspectives of navigation create the shape of the 
cognitive map, with one of the two being more dominant depending on the 
task to solve. 

Egocentric perspective is used more in the memorization of landmarks, as 
well as orienting oneself in the current space. An allocentric representation 
is used mainly when calculating distances between landmarks and when 
making navigation decisions between landmarks. Nonetheless, “pure” 
cases of using one of the viewpoints independently from the other are 
not very likely since  ȊZKLOH�ZH�LGHQWLȴHG�VLWXDWLRQV�LQ�ZKLFK�DQ�DOORFHQWULF�
representation might dominate, such as when participants make judgments 
involving relative distances or directions of objects to each other, egocentric 

b. Cognitive elements of 
navigation

)LJXUH����'HȴQLWLRQV�RI�VSDWLDO�RULHQWDWLRQ�DQG�QDYLJDWLRQ��$GDSWHG�IURP��3VDWKDV��������

)LJXUH����7\SHV�RI�QDYLJDWLRQ�LPSDLUPHQWV��$GDSWHG�IURP��&ODHVVHQ�	�YDQ�GHU�+DP��������

1

2

)LJXUH����5HSUHVHQWDWLRQ�RI�(JRFHQWULF�YV�$OORFHQWULF�YLHZV��&UHDWHG�E\��%XUOHV��)��	�ΖDULD��*��������
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representations still serve as important anchors and cues in solving these 
tasks”. (Ekstrom, Arnold & Iaria, 2014).

From this same study an example is given of how a navigation task that 
would normally be solved using an allocentric representation, might be 
solved using an alternative egocentric strategy, such as the one described in 
ȴJXUH����

Seeing how an egocentric viewpoint is the direct representation of the seen 
environment, whereas an allocentric viewpoint involves the task of making a 
cognitive map and tasks that usually would be solved allocentrically can also 
be solved egocentrically, people with DTD tend to have a better developed 
egocentric sense of orientation compared to an allocentric one. 

According to YDQ�GHU�+DP�	�&ODHVVHQ��������Ȋ'7'�LV�VSHFLȴFDOO\�OLQNHG�
to impaired allocentric location knowledge, and path survey knowledge. 
Nonetheless, landmark knowledge is largely intact”. Meaning that DTD 
DHFWV�WKH�UHFRJQLWLRQ�DQG�PHPRUL]DWLRQ�RI�WKH�VSDWLDO�ORFDWLRQ�RI�PXOWLSOH�
ODQGPDUNV�LQ�DQ�HQYLURQPHQW��EXW�LW�GRHVQȇW�DHFW�WKH�DELOLW\�WR�UHFRJQL]H�DQG�
memorize the landmarks themselves.  

Further explanation of these navigation related cognitive tasks can be found 
in Appendix 1 along with the representation on the Leiden Navigation Test.

As previously described in “How can DTD impact a person?” section of this 
UHSRUW��SHRSOH�ZLWK�'7'�VWUXJJOH�ZLWK�DFWLYLWLHV�WKDW�UHTXLUH�QDYLJDWLRQ�HYHU\�
day. Nonetheless, the perceived struggle is not as big as with people who 
suddenly develop topographical disorientation because of a brain injury or 
another condition, because DTDers have had their entire lives to develop 
coping strategies. Plus, since it is a very subjective condition, then people 
have no point of comparison and therefore do not feel like something is 
missing. 

There are moments, though, in which the impact of DTD can be felt strongly, 
specially when others depend on that person for navigation. Additionally, 
there are multiple occasions in which a direct comparison of ability can 
be made with people with good orientation skills, which can lower the self 
esteem or perception of intelligence of the DTDer. 

Analyzing the emotions of people with DTD not only can justify the need of 
creating more awareness about DTD as a widespread condition, but also it 
FDQ�SURYLGH�LQVLJKW�LQWR�WKH�VSHFLȴF�SDLQ�SRLQWV�WKDW�FDQ�EH�DGGUHVVHG�ZLWK�
a design solution. Figure 9 illustrates the emotional connotation of thoughts 
of people with DTD from unpublished research of I. van der Ham & M. Stöfsel 
(2024).  

(YHQ�WKRXJK�'7'HUV�UHȵHFW�KDYLQJ�OHVV�VSDWLDO�DQ[LHW\�WKDQ�RWKHUV��VWLOO�WKHUH�
is a negative perception of having DTD and the burden it creates in everyday 
QDYLJDWLRQ��7KLV�FDQ�DHFW�WKH�VHOI�FRQȴGHQFH�DQG�SHUFHSWLRQ�RI�LQWHOOLJHQFH�
of these individuals. Do people who grew up with access to a GPS at all times 
have the same perception? This is further explored in the User Research 
section of this report. 

c. Living with DTD

The emotional impact of DTDFigure 8. Egocentric vs Allocentric strategies. Adapted from (Ekstrom, Arnold & Iaria, 2014).

)LJXUH����4XRWHV�UHODWHG�WR�WKH�HPRWLRQDO�SHUFHSWLRQ�RI�'7'��IURP�UHVHDUFK�E\�6WRIHOV�	�YDQ�GHU�+DP��������
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Exploring problems of people with DTD

)URP�WKH�DQDO\VLV�DQG�OLWHUDWXUH�UHYLHZ��DQG�VSHFLDOO\�IURP�WKH�TXDOLWDWLYH�
insights provided by the yet unpublished research from Stöfsel and van der 
Ham, the following problems of having DTD are self-perceived by DTDers. 
7KHVH�SUREOHPV�DUH�VKRZQ�LQ�ȴJXUH����EHORZ�LQ�D�SUREOHP�WUHH�VWUXFWXUH��
and were further analyzed to identify possible themes that can be explored 
more in depth on this project. 

As DTDers can’t rely on allocentric reasoning for daily navigation, they 
WHQG�WR�XVH�DOWHUQDWLYH�VWUDWHJLHV�DV�FDQ�EH�VHH�LQ�EDFN�LQ�ȴJXUH����5HFHQW�
publications exemplify how Ȋ'7'�SDUWLFLSDQWV�RIWHQ�HPSKDVL]HG�WKHLU�VSHFLȴF�
focus on remembering landmarks to maintain route awareness “ (Stöfsel, 
2024). From the unpublished data of the interviews by the van der Ham 
research group, a few coping strategies can be noted as a way to deal with 
'7'�RQ�D�GDLO\�EDVLV��$SDUW�IURP�RWKHU�FRSLQJ�VWUDWHJLHV�VHHQ�RQ�ȴJXUH�����
nowadays because of the accessibility of navigation technology embedded 
on a smartphone, the most used strategy is relying on technology for daily 
navigation and orientation.

)URP�WKLV��WKH�IROORZLQJ�SUREOHPV�FDQ�EH�H[WUDFWHG������ODFN�RI�DXWRQRP\��
����ODFN�RI�DZDUHQHVV�DERXW�'7'�IURP�RWKHUV������VHOI�FRQȴGHQFH�FKDOOHQJHV��
����LQVXɝFLHQW�VLJQDJH�LQ�WKH�HQYLURQPHQW�DQG�����LQDFFXUDF\�RI�QDYLJDWLRQ�
V\VWHPV��7KHVH�DUH�IXUWKHU�XVHG�DV�WKH�VSHFLȴF�UHVHDUFK�TXHVWLRQV�WR�H[SORUH�
in the interviews of this project.

How do people deal with DTD?

)LJXUH����3UREOHP�WUHH�GLDJUDP�RQ�WKH�HHFWV�RI�'7'�LQ�GDLO\�OLIH�IURP�XQSXEOLVKHG�GDWD�IURP�6WRIHOV�	�YDQ�GHU�+DP��������

Figure 11. DTD coping strategies interpretation from unpublished data from Stofels & van der Ham (2024). 
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Can spatial orientation be trained with 
the use of technology?

Currently there are a few tools that aim to train and improve spatial 
navigation, although it is yet unclear whether it is possible to train an 
ability for which the necessary basic mental processes are not present. The 
most recent developments based on technology are the use of 3D virtual 
environments to improve a person’s ability to form and recall mental maps. 
These immersive simulations provide a safe and controlled setting for 
individuals to practice navigation skills. With the remark that most of them 
have been tested only with non DTD subjects. Additionally, advancements 
LQ�DXJPHQWHG�UHDOLW\�DUH�EHLQJ�H[SORUHG�WR�RHU�UHDO�WLPH��FRQWH[W�VHQVLWLYH�
guidance to enhance spatial orientation in real-world environments. 

For example, McLaren-Gradinaru et al. (2020) developed a 12-day training 
protocol which consists of assessing the participants’ navigational skills 
before the training with a behavioural assessment including the Santa 
Barbara Sense of Direction Scale. Then a week 1 training performing the 
designed training program 45mins per day for 5 consecutive days with 2 
days of rest before repeating that training for week 2. Finally, the behavioural 
assessment would be repeated at the end to compare scoring. 

$V�FDQ�EH�REVHUYHG�LQ�ȴJXUH�����WKH�GHVLJQHG�WUDLQLQJ�SURJUDP�FRQVLVWHG�
in participants navigating through interactive 3D spaces, completing tasks 
WKDW�FKDOOHQJH�YDULRXV�DVSHFWV�RI�VSDWLDO�RULHQWDWLRQ��VXFK�DV�ZD\ȴQGLQJ�DQG�
ODQGPDUN�UHFRJQLWLRQ��7KH�SURJUDP�IHDWXUHG�SURJUHVVLYHO\�GLɝFXOW�WDVNV��
real-time feedback, and regular assessments to monitor progress. It also 
included training in cognitive strategies, such as using visual landmarks and 
memorizing routes. 

Ȋ7KH�UHVXOWV�RI�WKLV�VWXG\�FRQȴUPHG�WKH�IHDVLELOLW\�RI�WKH�WUDLQLQJ�SURJUDP�
and suggested an improvement in the ability of participants to form mental 
representations of the spatial surrounding.” (McLaren-Gradinaru et al., 2020)

Nonetheless, this study was only tested with non DTD subjects that can 
succesfully form a cognitive map of their environment. So, the success of 
D�WUDLQLQJ�SURJUDP�ZLWK�SHRSOH�ZLWK�'7'�VWLOO�QHHGV�WR�EH�YHULȴHG�DV�WKH�
feasibility of training a skill that does not exist in the brain. It might be that 
only the training of alternative strategies, such as landmark recognition, is 
possible.

DTD at a glance - Key Insights:

• Spatial navigation is typically developed through repeated exposure to an 
environment, but individuals with DTD fail to develop this ability despite 
normal intelligence and no other cognitive impairments .

• People with DTD often do not realize they have a condition due to the 
VXEMHFWLYH�QDWXUH�RI�QDYLJDWLRQ�GLɝFXOWLHV�DQG�WKH�ODFN�RI�D�GLUHFW�SRLQW�RI�
comparison with others .

• 1DYLJDWLRQ�LQYROYHV�WZR�SHUVSHFWLYHV��DOORFHQWULF��PDS�EDVHG��DQG�
egocentric (personal view). People with DTD often struggle with allocentric 
QDYLJDWLRQ���RU�PRUH�VSHFLȴFDOO\�LQWHUSUHWLQJ�ZKDW�WKH\�VHH�LQWR�D�PHQWDO�
map.

• People with DTD navigate using landmarks, and they develop coping 
strategies over time, but still face challenges when learning new routes 
and when navigation problem solving is necessary. DTD has a direct 
HPRWLRQDO�WROO�RQ�VHOI�FRQȴGHQFH�DQG�SHUFHSWLRQ�RI�LQWHOOLJHQFH��

)LJXUH�����7UDLQLQJ�HQYLURQPHQW�FUHDWHG�E\�0F/DUHQ�*UDGLQDU\��HW��DO��LQ������
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Є҅Ѕ�áùǟǰűĝōűĿ�(ĤƪōĿű�

a. Navigation technology
Throughout history, humans have found creative ways to improve navigation, 
mostly by relying on their sense of sight. Early explorers used the stars and 
constellations to guide them across vast oceans, forming mental maps and 
EHLQJ�DEOH�WR�SLFWXUH�VSDFHV�HYHQ�ZKHQ�WKH�HQYLURQPHQW�FKDQJHG�DW�GLHUHQW�
times of the day. The invention of the compass later provided a reliable tool 
for direction, allowing people to develop maps and charts that translated 
a mental map into a graphic representation. According to Ishikawa and 
Montello (2006), “external aids like maps and compasses allow individuals to 
externalize their spatial knowledge, thus improving navigation in unfamiliar 
areas.” 7KHVH�PDSV��ȴOOHG�ZLWK�ODQGPDUNV�DQG�LPSRUWDQW�IHDWXUHV��KDYH�
always been crucial for navigation. 

Today, with GPS technology, things have evolved even further. As Montello et 
DO���������QRWH��ȊZKLOH�*36�SURYLGHV�DFFXUDWH��UHDO�WLPH�GLUHFWLRQDO�JXLGDQFH��LW�
diminishes the reliance on internal cognitive maps and spatial learning.” GPS 
V\VWHPV�RQ�VPDUWSKRQHV�DQG�RWKHU�GHYLFHV�RHU�UHDO�WLPH�JXLGDQFH�ZLWK�
detailed, turn-by-turn instructions, reducing the need for people to rely on 
their mental maps. 

With new advancements like augmented reality (AR) and virtual reality (VR), 
ZD\ȴQGLQJ�WHFKQRORJ\�KDV�WDNHQ�DQRWKHU�OHDS��OHWWLQJ�XVHUV�GHYHORS�EHWWHU�
spatial awareness and improve their navigation skills in lifelike, controlled 
environments. In a study by Dey et al. (2018), it was found that “AR-based 
navigation systems improve spatial awareness by embedding navigational 
information directly into the user’s perception of the real world, reducing 
cognitive load and enhancing spatial memory.”

Despite the assistance provided by modern navigation technologies, all 
people including DTDers still need to make cognitive translations to interpret 
maps and directions displayed on screens and apply them to the real-world 
environment. While these tools reduce the burden of decision-making, they 
rely heavily on users’ ability to process visual information. For DTDers, this 
GHSHQGHQFH�RQ�YLVXDO�LQSXW�SUHVHQWV�D�VLJQLȴFDQW�FKDOOHQJH��KLJKOLJKWLQJ�
the importance of creating more inclusive navigational tools that go beyond 
visual cues and are adapted to diverse cognitive needs.

&XUUHQW�QDYLJDWLRQ�DQG�ZD\ȴQGLQJ�DLGV�RHU�GLHUHQW�OHYHOV�RI�VXSSRUW�RQ�
PDNLQJ�QDYLJDWLRQ�GHFLVLRQV��7KH�IROORZLQJ�FODVVLȴFDWLRQ�ZDV�GHȴQHG�IRU�WKH�
WHFKQRORJ\�EHQFKPDUNLQJ�GRQH�IRU�WKLV�UHVHDUFK�

Automatic systems provide complete guidance, giving step-by-step 
instructions that users follow without having to make any navigation 
decisions. An example of this is a GPS system in a car, where the device 
dictates every turn and the driver simply follows. 

Semi-automatic systems�RHU�WRROV�DQG�RSWLRQV�EXW�UHTXLUH�WKH�XVHU�WR�
make decisions at each step. A hiking app that suggests multiple trails based 
on user preferences is an example, allowing the hiker to choose their path. 

Manual systems�SUHVHQW�WKH�HQYLURQPHQW�ZLWKRXW�VSHFLȴF�LQVWUXFWLRQV��
leaving all navigation decisions to the user. Traditional paper maps fall into 
WKLV�FDWHJRU\��DV�WKH\�SURYLGH�D�YLVXDO�UHSUHVHQWDWLRQ�RI�WKH�DUHD��UHTXLULQJ�
the user to interpret the map and decide on their route independently. 

Additionally, navigation aids for the visually impaired, such as tactile maps or 
audio guidance systems, considering alternative ways of navigation such 
as haptic and hearing aids. 

6XFK�LV�WKH�H[DPSOH�RI�LQQRYDWLYH�FRQFHSWV�VXFK�DV�Ȋ:D\ȴQGLQJ�IDVKLRQȋ�
which indicates where a user must turn through the use of vibrations in 
GLHUHQW�ERG\�KHPLVSKHUHV��ΖQ�ȴJXUH����DUH�VRPH�H[DPSOHV�RI�:D\ȴQGLQJ�
7HFKQRORJ\�DQG�WKHLU�FRUUHVSRQGLQJ�FODVVLȴFDWLRQ�EDVHG�RQ�GHFLVLRQ�
automation. All the products studied for this overview can be found on 
Appendix 2.

What type of support do current 
űùǘōĿùƸōżűҋǙùǟǰűĝōűĿ�ùōĝƪ�ĿōǘĤ҆

)LJXUH�����*RRJOH�0DSV�DV�DQ�H[DPSOH�RI�D�*36�WRRO�ZLWK�ERWK�DOORFHQWULF�DQG�LPPHUVLYH�HJRFHQWULF�UHSUHVHQWDWLRQV�
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(ż�ùǀƸżůùƸōĖ�ǙùǟǰűĝōűĿ�ƪǟƪƸĤůƪ�
hinder spatial knowledge acquisition?

$XWRPDWLF�ZD\ȴQGLQJ�DLGV�UHGXFH�WKH�QHHG�IRU�XVHUV�WR�GHYHORS�PHQWDO�
maps, as they primarily rely on following the instructions from the 
QDYLJDWLRQ�V\VWHP��:KLOH�WKLV�FDQ�EH�EHQHȴFLDO�IRU�LQGLYLGXDOV�ZLWK�'7'�RU�
ORZ�QDYLJDWLRQDO�VNLOOV��FDQ�DOVR�GHFUHDVH�VSDWLDO�NQRZOHGJH�DFTXLVLWLRQ�DQG�
problem solving skills when the system is unavailable. Brügger, Richter & 
Fabrikant (2019) found “that participants using systems with higher levels 
of automation did not acquire enough spatial knowledge to reverse routes 
without errors”, as higher automation discourages cognitive engagement in 
navigation tasks. In contrast, groups interacting with a system with a lower 
level of automation had a more strategic approach with the displayed tools 
DQG�LQYHVWHG�PRUH�FRJQLWLYH�HRUW�LQ�DFWXDOO\�OHDUQLQJ�WKH�URXWH��7KH�VWXG\�
from Brügger, Richter & Fabrikant (2019) highlights how users, even those 
ZLWKRXW�QDYLJDWLRQ�GLɝFXOWLHV��WHQG�WR�PLQLPL]H�GHFLVLRQ�PDNLQJ�LI�WKH\�DUH�
allowed by the system. 
 
8OWLPDWHO\��ZD\ȴQGLQJ�V\VWHPV�VKRXOG�HQFRXUDJH�XVHUV�WR�LQWHUDFW�ZLWK�
their environment to foster spatial knowledge. This is crucial for individuals 
with low navigation skills to create mental maps and for people with DTD to 
GHYHORS�HHFWLYH�FRSLQJ�VWUDWHJLHV�

ĕ҅�0ǞōƪƸōűĿ�áùǟǰűĝōűĿ�JǀōĝĤŦōűĤƪ

The branch of design, as a discipline, that explores how people navigate their 
HQYLURQPHQW�DQG�JHW�VSDWLDOO\�RULHQWHG�LV�FDOOHG�:D\ȴQGLQJ�'HVLJQ��7KH�WHUP�
ZD\ȴQGLQJ�KDV�EHHQ�DURXQG�VLQFH�����V�DV�ȊZD\�ȴQGLQJ��WKH�VWUDWHJLF�OLQN�
is the environmental image, the generalized mental picture of the exterior 
physical world that is held by an individual. This image is the product both of 
immediate sensation and of the memory of past experience, and it is used to 
interpret information and to guide action.” (Lynch,1960)

6LPLODUO\��WKH�HOHPHQWV�WKDW�FRPSRVH�ZD\ȴQGLQJ�KDYH�EHHQ�GHȴQHG�DFURVV�
YDULRXV�VRXUFHV��DV�FDQ�EH�VHHQ�LQ�ȴJXUH�����7KHVH�GHȴQLWLRQV�ZLOO�EH�XVHG�
further in this project.

7KH�SUREOHP�LV�WKDW�ZD\ȴQGLQJ�KDV�DOZD\V�EHHQ�EDVHG�RI�IURP�WKH�IDFW�WKDW�
all people can create a mental map of their environment and remember it 
FRUUHFWO\��7KLV�LV�VHHQ�LQ�GHȴQLWLRQV�RI�ZD\ȴQGLQJ�VXFK�DV�D�“key objective 
LQ�ZD\ȴQGLQJ�GHVLJQ�������LV�WR�HQDEOH�HDFK�SHUVRQ�WR�IRUP�D�PHQWDO�PDS�RI�D�
site or environment, so the clearer physical layout of a site, the clearer those 
mental maps will be. (Calori & Van den Eynden, 2015).

)LJXUH�����([DPSOHV�DQG�FODVVLȴFDWLRQ�RI�:D\ȴQGLQJ�WHFKQRORJ\

0ŦĤůĤűƸƪ�żľ�ǙùǟǰűĝōűĿ�ĝĤƪōĿű

Paths:�3DWKV�DUH�WKH�URXWHV�RU�FKDQQHOV�DORQJ�ZKLFK�SHRSOH�WUDYHO��7KH\�DUH�WKH�PRVW�IUHTXHQWO\�
experienced elements in an environment and are crucial for organizing space and guiding movement. (1)

Districts: Districts are medium-to-large sections of the city that have a recognisable identity. These 
areas are perceived as having some common, identifying character and are critical for orientation. (1)

Nodes: Nodes are strategic focal points where paths converge or where there is a concentration of 
activities. These points serve as anchor points for navigation. (1)

Landmarks: Landmarks are external reference points that help with orientation. They are physical 
objects that stand out from their surroundings and are easily recognisable from a distance. (1)

Signage:�6LJQDJH�SURYLGHV�ZULWWHQ�RU�V\PEROLF�LQIRUPDWLRQ�WR�DLG�LQ�QDYLJDWLRQ��(HFWLYH�VLJQDJH�LV�
FOHDU��YLVLEOH��DQG�SODFHG�DW�GHFLVLRQ�SRLQWV�ZKHUH�ZD\ȴQGLQJ�GHFLVLRQV�DUH�PDGH�����

Maps: Maps provide an overview of an area, showing paths, landmarks, and other key elements of the 
environment. They are a crucial tool for planning and navigation. (4)

Technology:�7HFKQRORJ\�LQFOXGHV�GLJLWDO�WRROV�OLNH�*36�DQG�PRELOH�DSSV�WKDW�DVVLVW�ZLWK�QDYLJDWLRQ��
RHULQJ�UHDO�WLPH�LQIRUPDWLRQ�DQG�LQWHUDFWLYH�PDSV�����

����/\QFK����������������3DVVLQL���������������0ROOHUXS����������������0RQWHOOR����������������.UD\�������

)LJXUH�����'HȴQLWLRQV�RI�WKH�HOHPHQWV�RI�ZD\ȴQGLQJ�GHVLJQ�
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áùǟǰűĝōűĿ�ĿǀōĝĤŦōűĤƪ�ľżƢ�ùĖĖĤƪƪōĕōŦōƸǟ áùǟǰűĝōűĿ�ľżƢ�ĝĤůĤűƸōù�ĖżűƪōĝĤƢƪ�ŇżǙ�
to design for people who can’t create a 
mental map.From the Queensland University of Technology in Australia, R. Apelt,  J. 

&UDZIRUG�DQG�'�-��+RJDQ�SURSRVHG�:D\ȴQGLQJ�GHVLJQ�JXLGHOLQHV�FRQVLGHULQJ�
inclusive design and the principles of Universal Design. The complete list in 
$SSHQGL[���RHUV�D�YHU\�FRPSOHWH�FKHFNOLVW�WKDW�LQFOXGHV�UHFRPPHQGDWLRQV�
for spaces in which people with varying languages, and various levels of 
physical abilities can navigate through a physical environment.

A summary of the most important factors considered in these guidelines 
can be observed below. While these guidelines are mainly targeted towards 
SK\VLFDO�VSDFHV��WKH\�VHUYH�DV�D�JRRG�SDUWLQJ�SRLQW�IRU�ZD\ȴQGLQJ�JXLGHOLQHV�
to be applied on technology.

Even though these guidelines are mostly focused on the design of the 
physical environment, their application reduces the cognitive load on the 
environment and therefore making navigation easier for people with DTD 
as they emphasize clarity, simplicity, and accessibility. For example, dividing 
ODUJH�VLWHV�LQWR�VPDOOHU��ORJLFDO�]RQHV�ZLWK�IUHTXHQW��FOHDU�GLUHFWLRQDO�FXHV�
minimizes cognitive overload, while logical and obvious decision points 
help prevent disorientation. Flexible and memorable naming protocols, 
consistent alpha-numeric systems, and the inclusion of multiple languages 
or pictograms strengthen the orientation through the visual sense. Lastly, 
ensuring that signs are visible, accessible, and well-placed is critical for users 
who rely heavily on signage from the environment to orient themselves. 

3HRSOH�ZLWK�GHPHQWLD�KDYH�VLPLODU�ZD\ȴQGLQJ�GLɝFXOWLHV�VLQFH�WKH\�“may 
HQFRXQWHU�JUHDW�GLɝFXOW\�LQ�UHWULHYLQJ�D�PHQWDO�YLVXDO�LPDJH�RI�D�SODFH�WKDW�
they cannot see, rendering them unable to generate, maintain, and use a 
cognitive map.” (Marquardt, 2011). 0DUTXDUGW��DIWHU�UHYLHZLQJ�H[LVWLQJ�VWXGLHV�
RI�ZD\ȴQGLQJ�IRU�SHRSOH�OLYLQJ�ZLWK�GHPHQWLD��SURSRVHG�WKH�IROORZLQJ�GHVLJQ�
guidelines, which have been summarized below.

:KLOH�WKHVH�JXLGHOLQHV�DUH�VSHFLȴFDOO\�WDLORUHG�IRU�ZD\ȴQGLQJ�LQ�QXUVLQJ�
KRPHV��WKH\�FDQ�DOVR�EH�D�JXLGLQJ�SRLQW�IRU�DGDSWDWLRQV�WR�H[LVWLQJ�ZD\ȴQGLQJ�
strategies for the general population, making them more accessible for 
people with DTD. Unlike people living with dementia, people with DTD do not 
have impaired logic or reasoning abilities and can live highly functional lives 
with normal or high IQs. Their shared challenge lies in visualizing a mental 
map of their environment. 

&RQVHTXHQWO\��ZKLOH�WKH\�FRXOG�EHQHȴW�IURP�VRPH�VLPSOLȴFDWLRQ��LW�LV�QRW�
necessary to completely eliminate navigation decisions or overly simplify 
WKHLU�HQYLURQPHQW��DV�WKH\�FDQ�VWLOO�DGDSW�DQG�GHYHORS�HHFWLYH�QDYLJDWLRQ�
VWUDWHJLHV��7KH��UHGXFWLRQ�RI�GHFLVLRQ�PDNLQJ��FDQ�EH�GLUHFWO\�EHQHȴFLDO�IRU�
people with DTD if meaningful reference points are used as landmarks, and 
therefore easier to remember. 

)LJXUH�����&RYHU�RI�WKH�:D\ȴQGLQJ�GH-
sign guidelines by Apelt, R. , Crawford. 

J., and Hogan, D.

[shown for illustration purposes only] 

:D\ȴQGLQJ�GHVLJQ�JXLGHOLQHV��$SHOW��&UDZIRUG�	�
+RJDQ�������
1. Analyze access points considering the physical and aesthetic 
characteristics of the building or site.

2. Divide large-scale sites into distinctive smaller zones while 
maintaining connectivity and a sense of place.

3. Organize zones with a logical and rational structure 
through a well-devised zonation plan.

���3URYLGH�IUHTXHQW�GLUHFWLRQDO�FXHV��HVSHFLDOO\�DW�GHFLVLRQ�
points, for clear navigation in both directions.

5. Ensure GHFLVLRQ�SRLQWV�DUH�ORJLFDO��REYLRXV��DQG�GLUHFWO\�
UHODWHG�WR�WKH�VSDFH��ZLWK�FOHDU�VHTXHQFLQJ�DQG�JURXSLQJ�RI�
message signs.

6. Design a ȵH[LEOH�DQG�PHPRUDEOH�QDPLQJ�SURWRFRO using 
culturally diverse names and symbols.

7. Use a consistent, logical naming protocol for master-planned 
places like hospitals or educational institutions.(Ensure alpha-
numeric coding systems are consistent, such as "building B, level 3, 
URRP�����

9. Incorporate multiple languages or pictograms into the naming 
protocol.

10. Ensure VLJQV�DUH�SK\VLFDOO\�SODFHG��LQVWDOOHG��DQG�
LOOXPLQDWHG�IRU�DOO�XVHUV
�YLVLELOLW\�DQG�DFFHVVLELOLW\.

No need for new or higher skills:

1DYLJDWLRQ�VKRXOG�QRW�UHTXLUH�FRPSOH[�VNLOOV�OLNH�UHDGLQJ�VLJQDJH��)ORRU�SODQV�VKRXOG�EH�VLPSOH�DQG�
clear, with geometrically straightforward rooms.

Allow visual access and overview:

People with dementia cannot mentally represent unseen spaces, so all relevant areas should be 
visible. Design should allow residents to see their entire immediate environment.

Reduce decision making:

/D\RXWV�VKRXOG�JXLGH�UHVLGHQWV�LQWXLWLYHO\�ZLWKRXW�UHTXLULQJ�WKHP�WR�PDNH�FKRLFHV�

ΖI�GLUHFWLRQDO�FKDQJHV�DUH�QHFHVVDU\��LQFRUSRUDWH�PHDQLQJIXO�UHIHUHQFH�SRLQWV��8VH�GLHUHQFHV�LQ�
size, shape, color, and lighting to distinguish rooms with similar functions.

ΖQFUHDVH�DUFKLWHFWXUDO�OHJLELOLW\�

The purpose and function of spaces should be clearly communicated through their size, materials, 
DQG�IXUQLVKLQJV��'LVWLQFWLYH��PHPRUDEOH�SODFHV�SURPRWH�EHWWHU�VSDWLDO�RULHQWDWLRQ�DQG�ZD\ȴQGLQJ�

:D\ȴQGLQJ�IRU�GHPHQWLD�JXLGHOLQHV��0DUTXDUGW�������
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áùǟǰűĝōűĿ�ƪƸƢùƸĤĿōĤƪ�ľżƢ�ľùƪƸңƟùĖĤĝ�
environments offers guidelines for 
ĤľǰĖōĤűƸ�űùǘōĿùƸōżű�ĝĤĖōƪōżűƪ҅

áùǟǰűĝōűĿ�(ĤƪōĿű�ң�kĤǟ�XűƪōĿŇƸƪѿ

• :D\ȴQGLQJ�WHFKQRORJ\�FDQ�EH�FODVVLȴHG�E\�WKH�OHYHO�RI�VXSSRUW�WKH\�JLYH�
to the user to make navigation decisions, in automatic, semi-automatic 
and manual.

• :D\ȴQGLQJ�'HVLJQ�H[SORUHV�KRZ�SHRSOH�QDYLJDWH�WKHLU�HQYLURQPHQW�
and get spatially oriented. Terms such as landmarks, decision points or 
QRGHV��DV�ZHOO�DV�VLJQDJH�ZHUH�GHȴQHG����

• :D\ȴQGLQJ�WUDGLWLRQDO�WRROV�OLNH�*36�DQG�GLJLWDO�PDSV�KHDYLO\�UHO\�RQ�
visual input. This makes it easier for people with DTD, who rely heavily 
on the visual sense. But if the navigation aid is not available, then the 
person can’t easily make navigation decisions.

• ([LVWLQJ�ZD\ȴQGLQJ�GHVLJQ�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�XVHUV�FDQ�
form mental maps, which does not apply to individuals with DTD. 
8QLYHUVDO�'HVLJQ�SULQFLSOHV��ZD\ȴQGLQJ�IRU�FRJQLWLYH�LPSDLUHG�SHRSOH�
(like Dementia) and fast paced environments were explored to make 
ZD\ȴQGLQJ�PRUH�DFFHVVLEOH�

7KH�:D\ȴQGLQJ�VWUDWHJ\�RI�WKH�1HWZRUN5DLO�RI�8QLWHG�.LQJGRP�SURYLGHV�
DGGLWLRQDO�JXLGHOLQHV�WKDW�FDQ�EHQHȴW�SHRSOH�ZLWK�ORZ�QDYLJDWLRQDO�VNLOOV��
HVSHFLDOO\�LQ�SODFHV�ZKHUH�GHFLVLRQ�SRLQWV�QHHG�WR�EH�HɝFLHQW�DQG�SHRSOH�DUH�
usually in a hurry.

1HWZRUN5DLO��������GHȴQHV�Ȋ'HFLVLRQ�SRLQWV�DUH�ORFDWLRQV�ZKHUH�WKH�
SDVVHQJHU�PDNH�D�ZD\ȴQGLQJ�GHFLVLRQȋ��From this strategy, the following 
UHFRPPHQGDWLRQV�FDQ�EH�XVHIXO�WR�DSSO\�LQ�ZD\ȴQGLQJ�V\VWHPV�WKDW�QHHG�WR�
be adapted for people with DTD and low navigational skills, as well as people 
with normal navigation skills.

As people with DTD struggle with making fast paced decisions, in a 
context such as cycling and driving, these guidelines directly apply 
WR�LPSURYH�WKH�ZD\ȴQGLQJ�H[SHULHQFH�RI�'7'HUV��7KH�3ULQFLSOHV�RI�
:D\ȴQGLQJ�'HVLJQ�GHYHORSHG�E\�1HWZRUN5DLO�LQ������FDQ�GLUHFWO\�
WUDQVODWH�LQWR�SULQFLSOHV�IRU�WKH�GHVLJQ�RI�ZD\ȴQGLQJ�WHFKQRORJ\�DV�
well. 

$IWHU�UHYLHZLQJ�YDULRXV�JXLGHOLQHV�SURSRVHG�E\�GLHUHQW�VRXUFHV��LW�EHFDPH�
clear that no single framework exists that comprehensively integrates all the 
QHFHVVDU\�JXLGHOLQHV�IRU�GHVLJQLQJ�ZD\ȴQGLQJ�V\VWHPV�DGDSWHG�WR�FXUUHQW�
WHFKQRORJ\��ZKLOH�DOVR�FRQVLGHULQJ�WKH�VSHFLȴF�QHHGV�RI�LQGLYLGXDOV�ZLWK�ORZ�
navigational skills, such as those with DTD. Although several studies address 
DVSHFWV�OLNH�DXWRPDWLRQ��XVHU�HQJDJHPHQW��DQG�VSDWLDO�NQRZOHGJH�DFTXLVLWLRQ��
D�XQLȴHG�VHW�RI�UHFRPPHQGDWLRQV�WKDW�FRQVLGHUV�PRGHUQ�QDYLJDWLRQ�
technologies alongside the challenges faced by people with low orientation 
skills is lacking.

0RUHRYHU��WKHUH�LV�D�VLJQLȴFDQW�UHVHDUFK�JDS�UHJDUGLQJ�WKH�VSHFLȴF�DFWLRQV�
and contextual needs that individuals with DTD and low navigational 
VNLOOV�ZRXOG�UHTXLUH�IURP�SURGXFWV�DQG�VHUYLFHV�WR�IROORZ�WKHVH�JXLGHOLQHV�
HHFWLYHO\��7KLV�JDS�XQGHUVFRUHV�WKH�LPSRUWDQFH�RI�FRQGXFWLQJ�XVHU�UHVHDUFK�
with real users to gather insights on their behaviors, challenges, and needs 
in real-world scenarios. By doing so, it is possible to better understand the 
practical steps necessary to design navigation aids that not only adhere to 
H[LVWLQJ�JXLGHOLQHV�EXW�DUH�DOVR�WDLORUHG�WR�WKH�VSHFLȴF�FRJQLWLYH�DQG�VSDWLDO�
challenges of these users.

)LJXUH�����6LJQDJH�/RFDWLRQ�6FKHPDWLF�'LDJUDP�GHYHORSHG�E\�
NetworkRail (2020).

Strategic positioning of signage:
Overhead signs should be visible from a distance of 
4-6 meters and positioned to minimize neck strain. 
Eye-level signs should be readable from 1-2 meters, 
placed so passengers can read them without 
breaking their pace. 

This is further detailed in Figure 17. 

'LJLWDO�ZD\ȴQGLQJ�DV�D�FRPSOHPHQWDU\�WRRO�
Digital navigation aids should support, not replace, 
traditional methods. While useful, they can fail, 
so combining both digital and traditional signage 
ensures inclusivity and reliability.

Decision points in transient spaces: 
'HFLVLRQ�SRLQWV�RFFXU�LQ�KLJK�WUDɝF�DUHDV�
where movement is fast, so it's important to 
design these spaces to prevent passengers 
from stopping, which could create 
bottlenecks.

Signage placement near decision points:
Signs should be placed as close to decision 
points as possible, taking into account 
natural movement patterns and available 
mounting locations.

$YRLG�FRPELQLQJ�DGYHUWLVHPHQWV�ZLWK�
ZD\ȴQGLQJ�
Advertisements should not be placed 
where they might distract from or obscure 
ZD\ȴQGLQJ�VLJQDJH��DV�WKLV�UHGXFHV�FODULW\�
and visibility.

0DLQWDLQLQJ�ȵRZ�DQG�SUHYHQWLQJ�
congestion: Decision points should allow 
SDVVHQJHUV�WR�PDNH�TXLFN��LQWXLWLYH�FKRLFHV�
WR�NHHS�WUDɝF�PRYLQJ��&OHDU�VLJQDJH�
and intuitive layouts reduce the need for 
passengers to stop and think, ensuring 
smooth movement.

3ULQFLSOHV�RI�:D\ȴQGLQJ�'HVLJQ�
E\�1HWZRUN5DLO�8.��������
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2.1 DTD in young adults

2.2 Results

2.3 Discussion of Results

2.4 Conclusions

a. Research objective

b. Method

c. Research Set Up

2.1 DTD in young adults

After an initial literature and previous research review, and since DTD is a relatively 
new condition, an opportunity to gain new knowledge was discovered. As discussed 
LQ�WKH�OLWHUDWXUH�UHYLHZ��VXɝFLHQW�UHVHDUFK�KDV�EHHQ�PDGH�IRU�VSHFLȴF�FDVHV�RI�'7'�
and recently published articles that generalise the symptoms of DTD have helped 
GHȴQH�WKH�PDLQ�TXDOLWLHV�RI�D�SHUVRQ�ZLWK�'7'�

These studies help set a basis of the feelings and impediments that people with DTD 
can feel daily. But these insights were gathered from a large sample of participants. 

Do people that have grown up with the aid of technology for navigation have 
WKH�VDPH�GLɝFXOWLHV�LQ�WHUPV�RI�ZD\ȴQGLQJ"

7KLV�OHG�PH�WR�WKH�JRDO�RI�ȴQGLQJ�RXW�KRZ�PXFK�FDQ�'7'�DHFW�\RXQJHU�DGXOWV�
WKURXJK�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQV�

In order to research this, interviews were conducted with students and recent 
graduates of the TU Delft. These were screened for presence of DTD symptoms 
following the criteria set by Burles & Iaria et al. (2016) in their study "Behavioural and 
Cognitive mechanisms of Developmental Topographical Disorientation". Since not only 
SHRSOH�ZLWK�'7'�FDQ�VXHU�IURP�SRRU�QDYLJDWLRQDO�VNLOOV��DV�ZHOO�DV�WKLV�UHVHDUFK�
having reduced accessibility to clinically diagnosed DTD people, the sample included 
SHRSOH�ZKR�VHOI�LGHQWLȴHG�ZLWK�OLIHORQJ�ORZ�QDYLJDWLRQDO�VNLOOV��ZKLFK�LV�RQH�RI�WKH�
UHTXLUHPHQWV�WR�EH�GLDJQRVHG�ZLWK�'7'��ΖQ�WKH�LQWHUYLHZV�WKH�IROORZLQJ�WKHPHV�DUH�
H[SORUHG�DV�VHFRQGDU\�UHVHDUFK�TXHVWLRQV�

a. Research objective

:KDW�LV�WKH�LQȵXHQFH�RI�OLIHORQJ�ZHDN�QDYLJDWLRQDO�VNLOOV�RQ�WKH�
GDLO\�H[SHULHQFHV�RI�\RXQJ�DGXOWV�DJHG����WR�����DQG�

how can this understanding inform the development of 
ZD\ȴQGLQJ�JXLGHOLQHV�WDLORUHG�WR�WHFKQRORJ\�GHVLJQ�IRU�
LQGLYLGXDOV�ZLWK�'HYHORSPHQWDO�7RSRJUDSKLFDO�'LVRULHQWDWLRQ"

Perception of autonomy

(PRWLRQV�UHODWHG�WR�ZD\ȴQGLQJ

3DLQ�SRLQWV�LQ�ZD\ȴQGLQJ

Impact on daily life

Dependence in navigation technology

2. Discover: 2. Discover: 
User ResearchUser Research
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Due to proximity to the target group and because of DTD's high probability of 
EHLQJ�LQ����RI�WKH�SRSXODWLRQ��WKH�WDUJHW�JURXS�FRQVLVWHG�LQ�
• TU Delft students or recent graduates
• Between 20-30 y.o.
• 7KDW�VHOI�LGHQWLȴHG�DV�KDYLQJ�ZHDN�QDYLJDWLRQDO�VNLOOV�
• 7KDW�IXOȴO�WKH�VHOHFWLRQ�FULWHULD�VHW�E\�%XUOHV�	�ΖDULD���������YLD�D�VFUHHQHU�

which is detailed below.

In order to recruit participants for this initial research, an invitation was sent 
internally through personal connections from the TU Delft. This message 
SURPSWHG�SHRSOH�WR�ȴOO�LQ�WKH�TXHVWLRQQDLUH�LI�WKH\�LGHQWLȴHG�VWUXJJOLQJ�ZLWK�
QDYLJDWLRQ�LQ�WKH�IROORZLQJ�H[DPSOHV�
"I often get lost easily", "I depend way too much on google maps", I struggle 
remembering where places are located in a map", "I can feel overwhelmed in 
places like parking lots and shopping centers".

These examples were more general than only people with DTD to attract 
WKHP�LQWR�ȴOOLQJ�LQ�WKH�VFUHHQLQJ�TXHVWLRQQDLUH��)URP�WKLV�SURPSW�����SHRSOH�
ȴOOHG�LQ�WKH�VFUHHQHU�TXHVWLRQQDLUH�DQG�IURP�WKLV�VDPSOH����SHRSOH�VHHPHG�
WR�TXDOLI\�IRU�D�IROORZ�XS�LQWHUYLHZ��7KH�LQWHUYLHZ�VDPSOH�HQGHG�XS�EHLQJ�RI���
participants from the target group described above (5 women and 4 men). 

7KH�VFUHHQHU�GHYHORSHG�VSHFLȴFDOO\�IRU�WKLV�SURMHFW��ZKLFK�LV�IXOO\�H[SODLQHG�LQ�
$SSHQGL[����KDG�WKH�IROORZLQJ�VHOHFWLRQ�FULWHULD�

�6LQFH�D�FOHDU�FRQQHFWLRQ�KDVQ
W�EHHQ�\HW�HVWDEOLVKHG��RWKHU�FRJQLWLYH�LPSDLUPHQWV�VXFK�DV�G\VOH[LD��
DSKDQWDVLD�DQG�$'+'�ZHUH�QRW�H[FOXGLQJ�IDFWRUV�IRU�VFUHHQLQJ��1RQHWKHOHVV��SDUWLFLSDQWV�ZLWK�
presence of such were noted as an additional remark.

b. Method

ÁùƢĿĤƸ�JƢżǀƟ

Recruitment and screening of 
participants

• +DYLQJ�H[SHULHQFH�JHWWLQJ�ORVW�IHHOLQJ�GLVRULHQWHG��ZLWK���RU���RQ�D�VFDOH�RI���QHYHU�DQG���
always.

• *HWWLQJ�ORVW�LQ�WKHLU�RZQ�QHLJKERXUKRRG��ȴQGLQJ�WKHLU�ZD\�WR�URRPV�WKH\�KDYH�SUHYLRXVO\�
EHHQ�EHIRUH�LQVLGH�RI�D�EXLOGLQJ��JHWWLQJ�ORVW�LQVLGH�RI�WKHLU�KRPH�DQG�RU�UHPHPEHULQJ�
ZKHUH�VWRUHV�DUH�LQ�WKH�FLW\�WKDW�WKH\�KDYH�YLVLWHG�EHIRUH�

• +DYLQJ�DOZD\V�IRXQG�QDYLJDWLRQ�GLɝFXOW�DQG�LW�LV�QRW�VRPHWKLQJ�UHFHQW�

• +DYH�PHPRULHV�RI�JHWWLQJ�ORVW�LQ�VLQFH�WKHLU�FKLOGKRRG�RU�WHHQDJH�\HDUV��ZKHQ�WKH\�
ZRXOG�VWDUW�EHLQJ�LQGHSHQGHQW�HQRXJK�WR�PDNH�QDYLJDWLRQ�GHFLVLRQV�

• 1RW�KDYLQJ�KDG�DQ\�SUHYLRXV�QHXURORJLFDO�GDPDJH�VXFK�DV�D�FRQFXVVLRQ��WXPRXU��HWF�

c. Research Set Up

3DUWLFLSDQWV�ZHUH�ȴUVW�SURYLGHG�ZLWK�D�VHQVLWL]LQJ�
booklet prior to the interview, giving them enough 
time to observe their navigation behavior on both a 
weekday and a weekend day. They were encouraged 
WR�UHȵHFW�RQ�WKHLU�GHFLVLRQ�PDNLQJ�SURFHVVHV�
regarding navigation, particularly focusing on the 
visual cues they used and moments that triggered 
navigational decisions. Taking pictures was suggested 
to capture these instances. Figure 18 shows the 
activities of the sensitizing booklet.

Weekday/Weekend Activity:
After each day, participants selected one activity 
they found most challenging in terms of navigation, 
PDSSLQJ�RXW�WKH�WUDMHFWRU\�LQ�VHOI�GHȴQHG�VWHSV��7KH�
aim was to explore what they considered important 
for spatial orientation. They were prompted to 
UHȵHFW�RQ�ZKHWKHU�WKH\�FKHFNHG�D�PDS��FKDQJHG�
transportation modes, encountered new areas, 
or relied on landmarks or street names. For each 
step, they documented how they navigated, their 
WUDQVSRUWDWLRQ�PRGH��WKH�GLɝFXOW\�RI�WKH�WDVN��DQG�
their emotional response, using stickers to express 
their answers.

At Home Map Activity:
Participants were also asked to draw a map of 
WKHLU�DSDUWPHQW�DQG�UHȵHFW�RQ�ZKHWKHU�WKH\�KDG�
ever gotten lost indoors. This exercise aimed to 
translate their known environment into a mental 
UHSUHVHQWDWLRQ�DQG�RHU�LQVLJKW�LQWR�SRWHQWLDO�VLJQV�RI�
DTD.

Stickers Page:
The provided stickers served as prompts, particularly 
for emotions, which were left vague to encourage 
participants to explain their feelings in more detail. 
)RU�FRQFUHWH�FRQFHSWV�OLNH�WUDQVSRUWDWLRQ��SUHGHȴQHG�
options were provided to simplify the task and reduce 
cognitive load.

Figure 18. Pages of the sensitizing booklet
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Interview

7KH�VHPL�VWUXFWXUHG�LQWHUYLHZ�FRQVLVWHG�RI���SDUWV�

• ([SODLQLQJ�WKHLU�H[SHULHQFHV�ZLWK�WKH�KHOS�RI�WKH�SUHYLRXVO\�ȴOOHG�VHQVLWLVLQJ�
booklet. 

• ΖI�TXHVWLRQV�IURP�WKH�GLVFXVVLRQ�JXLGH�KDGQ
W�EHHQ�DQVZHUHG�\HW�RQ�WKHLU�
RZQ�LQLWLDWLYH��SUREH�RQ�WKH�VSHFLȴF�WKHPHV�GHWDLOHG�LQ�7DEOH���

Although some participants were initially sceptical about 
the sensitizing booklet, worrying it might be too time-
FRQVXPLQJ�RU�GLɝFXOW��WKH\�HQJDJHG�ZLWK�LW�WKRURXJKO\�
and provided detailed responses without needing 
IROORZ�XS�TXHVWLRQV��0RVW�SDUWLFLSDQWV�FKRVH�WR�GHVFULEH�
outdoor journeys they had not done before, despite the 
activity's objective of focusing on familiar routes. This 
helped identify key decision points, as using tools like 
*36�IRU�XQIDPLOLDU�MRXUQH\V�UHTXLUHG�SDUWLFLSDQWV�WR�
memorize the map and develop strategies to remember 
the route. As one participant remarked, “I used Google 
0DSV�WR�SLFN�XS�D�SDFNDJH��EXW�Ζ�KDG�WR�UHPHPEHU�
the street turns after checking it.”

The dual timeline activity for weekday and weekend 
journeys gave participants the chance to map both 
IUHTXHQW�DQG�XQNQRZQ�URXWHV��([DPSOHV�LQFOXGHG�
picking up packages, grocery shopping, traveling 
WR�VSRUWV�FHQWHUV��YLVLWLQJ�OHVV�IUHTXHQWHG�FLWLHV��
and navigating Utrecht Central Station, which two 
participants mentioned as particularly challenging.

Cycling was the most common mode of transport since 
these activities occurred in the Netherlands. Although 
more emphasis could have been placed on taking 
SKRWRV�RI�VSHFLȴF�GHFLVLRQ�SRLQWV��WKH�DFWLYLW\�VWLOO�
provided valuable insights.

0DSSLQJ�WKHLU�KRPHV�ZDVQȇW�SDUWLFXODUO\�GLɝFXOW�IRU�
participants, as many lived in small, shared apartments 
RU�VWXGLRV��0RVW�GHVFULEHG�IHHOLQJ�FRQȴGHQW�LQ�WKHLU�
orientation at home. However, one participant 
demonstrated an interesting cognitive strategy by 
focusing on larger objects and their relation to the 
URRP
V�SHULPHWHU��UDWKHU�WKDQ�WKH�URRP�LWVHOI��“I think 
RI�WKH�ZDOO�EHKLQG�WKH�FRXFK�ȴUVW��WKHQ�YLVXDOL]H�
WKH�ZLQGRZ�RQ�WKH�ZDOO�EHKLQG�LW�ȋ�This suggests a 
potential distinction between perimeter-based versus 
room-based mental mapping.

• Complete a navigation test to verify the possibility of them having DTD. 
The navigation test used was developed by van der Ham et. al. from Leiden 
university in collaboration with the UMC Utrecht. This test is a combination of 
D�:D\ȴQGLQJ�4XHVWLRQQDLUH��IRFXVHG�LQ�VXEMHFWLYH�QDYLJDWLRQ�FRPSODLQWV��DQG�
WKH�/HLGHQ�1DYLJDWLRQ�WHVW�ZKLFK�SURYLGHV�LQVLJKW�LQ�ZKLFK�VSHFLȴF�QDYLJDWLRQ�
tasks the participant can struggle with. This test is "a brief, yet comprehensive 
tool to assess navigation ability in minutes and to detect potential navigation 
impairment in clinical populations and experimental settings." (van der Ham, 
et al., 2020). See Appendix 1 for the navigation test explanation.

Theme 2EMHFWLYH 4XHVWLRQ�V�

Impact on daily 
life

What are the main daily activ-
LWLHV�LQ�ZKLFK�'7'�FDQ�DHFW�D�
person?

• Which activities did you do and which one did you choose 
for the exercise?

• :K\�GLG�\RX�FKRRVH�WKLV�RQH�VSHFLȴFDOO\�WR�PDS�RXW"

Pain points in 
:D\ȴQGLQJ

What are the gain and pain 
points of a journey in which 
'7'�FDQ�DHFW�WKH�LQGLYLGXDO"

• How did you decide which were the steps taken for your 
chosen route?

• :KDW�VDPSOH�TXHVWLRQ�GLG�\RX�XVH�WKH�PRVW�WR�GHFLGH�WKH�
steps of the journey?

Emotional impact Do people with low naviga-
tional skills also have the same 
HPRWLRQDO�HHFW�DV�'7'HUV"

• +RZ�GLG�\RX�IHHO�DW�HDFK�VSHFLȴF�VWHS"�:KDW�GR�\RX�WKLQN�
caused those emotions?

• Probe about the emotions chosen in the booklet for each 
VWHS��JHW�D�VSHFLȴF�QDPH�IRU�HDFK�HPRWLRQ�VWLFNHU

• How has the perception from others about your naviga-
WLRQ�VNLOOV�DHFWHG�\RXU�VHOI�SHUFHSWLRQ"

Autonomy How autonomous do they feel 
in their daily life, compared to 
DTDers?

• Did you do this trip alone or accompanied?
• How do you feel about navigating alone, without compan-

ionship from another person or technology?

Dependence of 
technology

What is their current depend-
ence on technology? 

• How much do they rely on Google Maps for their daily 
navigation?

• What other technology do they use as navigational aid?
• What is their type of technology do they use the most? 

3RVVLEOH�OHYHOV��DXWRPDWLF�QDYLJDWLRQ��VHPL�DXWRPDWLF�
navigation, manual navigation

Figure 19. Interview phases

Table 1. Discussion guide for interviews

a. Sensitizing booklet

Figure 20. Insights from the 
Sensitizing Booklet

2.2 Results
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b. Interviews Pain points of a journey in which weak navigational skills 
and/or DTD can affect the person

0LVPDWFK�EHWZHHQ�WKH�UHDO�HQYLURQPHQW�DQG�WKH�GHVFULSWLRQ� 
Discrepancies between the actual environment and the descriptions provided 
by navigation tools can be confusing.

'HSHQGLQJ�RQ�WHFKQRORJ\�IRU�FRQȴUPDWLRQ���Participants often feel the 
need to "give up" and check their phones for reassurance when uncertain 
about directions.

ΖQDGHTXDWH�SUR[LPLW\�RI�VLJQDJH�SRLQWV��Signage points that are too far 
apart can cause confusion and missed directions. "If the signs are too far then 
I think that I probably just didn't see one." - Participant 6

Deviation from routine: They prefer to park their bike in less popular areas 
WR�HQVXUH�WKH\�ȴQG�D�VSRW�LQ�D�]RQH�WKH\�NQRZ��HYHQ�LI�LW
V�OHVV�FRQYHQLHQW�

8QIRUHVHHQ�URXWH�EORFNV��Unexpected obstacles on the route can cause 
VLJQLȴFDQW�VWUHVV�DQG�LQFRQYHQLHQFH���Ζ�KDWH�JRLQJ�R�WKH�URXWH��Ζ�SDVVHG�P\�
bike underneath the fence just to keep going through." - Participant 1

&RQIXVLRQ�ZLWK�UHGXQGDQW�SDWKV��(QFRXQWHULQJ�WZR�GLHUHQW�SDWKV�WKDW�
seem to lead to the same destination can be confusing and disorienting.

1RW�EHLQJ�LQ�FRQWURO��The automatic rotation feature of Google Maps can be 
frustrating and lead to disorientation. 

A total of 9 interviews were done. Nonetheless one of those was with 
participant, who even though considered themselves as bad with navigation, 
was actually good at it and would even go hiking on their own. This also gives 
good insights towards the mental mapping abilities of people with slightly 
better navigational skills and less navigation anxiety.

7KH�LQWHUYLHZV�SURYLGHG�TXDOLWDWLYH�LQVLJKWV�LQ�WKH�IROORZLQJ�WKHPHV�

Daily activities affected by DTD or low navigational skills:

The participants in this study, mostly adults younger than 30 living in the 
1HWKHUODQGV��UHSRUWHG�WKDW�WKHLU�GDLO\�DFWLYLWLHV�ZHUH�QRW�VLJQLȴFDQWO\�DHFWHG�
by their navigational challenges compared to other cases analyzed, such as 
those in van der Ham’s research group.

For outdoor navigation: This could be attributed to their regular use of GPS 
apps like Google Maps and 9292 for nearly all their outdoor journeys. They 
heavily depend on these technologies for direction. One participant noted, 
“I can’t even imagine the world without Google Maps” 
(Participant 5). 

• Walking was generally considered manageable since 
participants could take their time to consult maps, though 
there were issues with the GPS detecting their precise 
ORFDWLRQ��ȊΖ�KDYH�WR�ZDON�D�IHZ�VWHSV�MXVW�WR�ȴJXUH�RXW�ZKHUH�
the blue dot is moving” (Participant 1). 

• &\FOLQJ��KRZHYHU��UHTXLUHG�SDUWLFLSDQWV�WR�QDYLJDWH�ZLWKRXW�
much immediate access to technology, as they tended to 
KROG�WKHLU�SKRQHV�IRU�GLUHFWLRQV�GHVSLWH�OHJDO�ULVNV��“I knew 
that there would not be any police coming anywhere, so I just 
KHOG�P\�SKRQH�LQ�P\�KDQGV��EXW�Ζ�DOUHDG\�JRW�D�ȴQH�IRU�WKDWȋ�
(Participant 6).

• 'ULYLQJ��:KLOH�GULYLQJ�LV�QRW�FRPPRQ�DPRQJ�WKLV�JURXS��
it was considered easier compared to cycling due to the 
ease of comparing the road with the virtual map on the 
GPS system, whether its on the car's multimedia or on their 
phone.

For outdoor navigation: While the participants 
express feeling less lost indoors, some environments, 
like hospitals, are considered harder to navigate 
due to unclear signage or confusing layouts. Indoor 
landmarks tend to be elevators, service desks and 
DFFHVV�GRRUV��ΖW�ZDV�H[SUHVVHG�WKDW�ZKHQ�GLHUHQW�
ȵRRUV�KDYH�FRORUV�WKDW�KHOSV�GLVWLQJXLVKLQJ�WKHP��EXW�
a legend must be visible at decision points. 

Figure 21. Qualitative insight from 
interview

Figure 22. Illustration of anecdotes told by the participants
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 Emotions related to DTD and/or low navigational skills

Participants in this study recognized their poor navigational skills, often 
trusting technology and environmental cues over their own intuition. As one 
participant noted, “I trust the signs more than my own intuition” (Participant 
6).�+RZHYHU��QHJDWLYH�HPRWLRQV�UHJDUGLQJ�WKHLU�QDYLJDWLRQ�GLɝFXOWLHV�ZHUH�
QRW�IUHTXHQWO\�REVHUYHG��:KHQ�SDUWLFLSDQWV�GLG�H[SHULHQFH�GLVDSSRLQWPHQW��
it was generally tied to their memory performance, particularly when they 
struggled to remember more than three previously encountered instructions.

Critical moments of stress or panic, similar to those experienced by individ-
uals with DTD, were reported in situations with heightened time pressure 
or when unexpected navigation decisions had to be made. These moments 
were particularly stressful when others were dependent on their actions. In 
such cases, participants expressed feelings of guilt or responsibility if their 
navigational mistakes led to others becoming lost. While this sense of guilt is 
QRW�XQLTXH�WR�LQGLYLGXDOV�ZLWK�SRRU�QDYLJDWLRQ�VNLOOV��LW�ZDV�QRWHG�WKDW�WKHVH�
LQGLYLGXDOV�WHQG�WR�LQWHUQDOL]H�EODPH�PRUH�TXLFNO\��DV�WKH\�DOUHDG\�SHUFHLYH�
themselves as “bad at navigating.” Participant 8 mentioned, “I feel bad if we 
get lost because it is my fault”.

Social comparison also played a role, especially when others suggested more 
HɝFLHQW�URXWHV��7KRXJK�SDUWLFLSDQWV�ZHUH�RFFDVLRQDOO\�WHDVHG�E\�RWKHUV��WKLV�
GLG�QRW�VLJQLȴFDQWO\�LPSDFW�WKHLU�VHOI�HVWHHP��$V�KLJKO\�HGXFDWHG�XQLYHUVLW\�
VWXGHQWV�DQG�UHFHQW�JUDGXDWHV��WKH\�GLG�QRW�HTXDWH�SRRU�QDYLJDWLRQDO�VNLOOV�
with lower intelligence. As another participant remarked, “I don’t see myself 
DV�GXPE��ΖȇP�LQ�XQLYHUVLW\��VR�ΖȇP�VWLOO�VPDUW�HQRXJKȋ��3DUWLFLSDQW����

�ǀƸżűżůǟ�ōű�ǙùǟǰűĝōűĿ�ùűĝ�űùǘōĿùƸōżű�

In terms of autonomy, the participants generally felt independent but 
acknowledged that this autonomy was reliant on technology. Known 
environments were are not perceived as a risk for getting lost. As Participant 
9 mentioned, “You can’t get fully lost in a city, you can always ask someone for 
directions.” 

However, reliance on familiar routes was more common under time 
SUHVVXUH��HYHQ�LI�WKH\�ZHUHQȇW�WKH�PRVW�HɝFLHQW��6HYHUDO�SDUWLFLSDQWV�VKDUHG�
that they enjoy exploring new routes and even being lost on purpose if they 
KDG�WLPH��DV�LW�DOORZHG�WKHP�WR�H[SORUH�QHZ�DUHDV��“We did a scavenger hunt 
in school and you had to take a picture at every church, that still helps me 
remember where to go” (Participant 8).

)LJXUH�����&ODVVLȴFDWLRQ�RI�HPRWLRQV�WRZDUGV�ZD\ȴQGLQJ�E\�D�SDUWLFLSDQW

)LJXUH�����&RPSDULVRQ�RI�ERRNOHWV�ȴOOHG�E\�GLHUHQW�SDUWLFLSDQWV��
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b. Navigation test

7KH�UHVXOWV�RI�WKH�:D\ȴQGLQJ�4XHVWLRQQDLUH�DQG�WKH�
Leiden Navigation Test can provide an indication of 
Developmental Topographical Disorientation based 
RQ�WKH�SDUWLFLSDQWV
�SHUIRUPDQFH�RQ�VSHFLȴF�WDVNV�

The subjective report of navigational 
FRPSODLQWV�LQ�WKH�:D\ȴQGLQJ�
Questionnaire (WQ) usually highlight 
a low perception of their own skills in 
HVWLPDWLQJ�GLVWDQFHV�DQG�WKHLU�DELOLW\�
WR�RULHQW�DQG�QDYLJDWH��6SDWLDO�$Q[LHW\�
XVXDOO\�WHQGV�WR�EH�ORZ��ZKLFK�WUDQVODWHV�
WR�D�KLJK�VFRUH�LQGLFDWLQJ�WKDW�WKH�
SDUWLFLSDQW�LV�FRQȴGHQW�LQ�QDYLJDWLRQ��

Because of the lack of visualization of a 
FRJQLWLYH�PDS��SHRSOH�ZLWK�'7'�WHQG�WR�
UHO\�RQ�ODQGPDUN�PHPRUL]DWLRQ�IRU�GDLO\�
RULHQWDWLRQ��ΖQ�WKH�/17��KLJKHU�VFRUHV�
RQ�/DQGPDUN�5HFRJQLWLRQ�DQG�/RFDWLRQ��
(JRFHQWULF��DUH�H[SHFWHG�FRPSDUHG�WR�

ORZHU�VFRUHV�RQ�WKH�UHVW�RI�WKH�WDVNV��7KLV�FDQ�EH�LQWHUSUHWHG�DV�WKH�SDUWLFLSDQW�UHO\LQJ�
PDLQO\�RQ�LWV�RZQ�SHUVSHFWLYH�WR�QDYLJDWH�WKH�HQYLURQPHQW��7KH�WUDQVODWLRQ�IURP�DQ�
HJRFHQWULF�WR�DQ�DOORFHQWULF�SRLQW�RI�YLHZ�LV�XVXDOO\�ZKHUH�'7'�SDUWLFLSDQWV�VWUXJJOH��7KH�
RYHUYLHZ�RI�WKH�VFRUH�IRU�WKLV�WDUJHW�JURXS�FDQ�EH�VHHQ�LQ�7DEOH���

Table 2. Discussion guide for interviews

Figure 26. Results from WQ and LNT

Dependence on technology

All participants demonstrated high dependence on navigation technologies 
like Google Maps for their daily outdoor journeys. They also mention the 
FRPELQDWLRQ�RI�YDULRXV�QDYLJDWLRQ�DSSV�WR�IXOȴO�GLHUHQW�QDYLJDWLRQDO�WDVNV��
Nonetheless they do express not wanting to depend on technology for 
simple routes. One participant mentioned, “Why did I have to use Google 
Maps if it was only 2 streets?” (Participant 2). 

While auditory navigation cues were available, they were often inaccurate 
DW�GHFLVLRQ�SRLQWV��“I have tried this with my earphones and listening to the 
sounds, but it doesn’t work like that. It’s too early or too late to take the two 
PHWHUVȋ��3DUWLFLSDQW�����Most participants preferred using visual cues and 
often consulted their phones for reassurance, even for simple routes. 

7KH\�DOVR�SUHIHUUHG�PDQXDOO\�URWDWLQJ�WKH�PDS�WR�DOLJQ�ZLWK�WKHLU�GLUHFWLRQ� 
“I need to have it in front of me and the same direction I am looking towards” 
(Participant 8).

Figure 25. Participants of the study remark being highly dependent on navigation technology such as Google Maps.



46 47

2.4 Conclusion

User Research - Key Insights:

• )URP�WKH�OLWHUDWXUH��WKH�IROORZLQJ�TXHVWLRQ�ZDV�VWLOO�XQDQVZHUHG�
��:KDW�LV�WKH�LQȵXHQFH�RI�OLIHORQJ�ZHDN�QDYLJDWLRQDO�VNLOOV�RQ�WKH�
daily experiences of young adults aged 20 to 30, and how can this 
XQGHUVWDQGLQJ�LQIRUP�WKH�GHYHORSPHQW�RI�ZD\ȴQGLQJ�JXLGHOLQHV�WDLORUHG�
to technology design for individuals with Developmental Topographical 
Disorientation? ". User research was done to answer it.

• Interviews with young adults revealed a high reliance on GPS technology, 
with varying impacts on autonomy. However, younger participants did 
QRW�SHUFHLYH�SRRU�QDYLJDWLRQ�DV�QHJDWLYHO\�DHFWLQJ�WKHLU�LQWHOOLJHQFH�

• The reliance on technology provides autonomy but seems to reduce 
VSDWLDO�NQRZOHGJH�DFTXLVLWLRQ��)XWXUH�ZD\ȴQGLQJ�V\VWHPV�VKRXOG�
integrate both technological support and opportunities for cognitive 
engagement 

Navigational aids must align closely with the immediate environment to be truly 
HHFWLYH��HVSHFLDOO\�IRU�SHRSOH�ZLWK�'7'�ZKR�UHO\�KHDYLO\�RQ�PHPRUL]LQJ�ODQGPDUNV�
GXH�WR�WKHLU�GLɝFXOW\�YLVXDOL]LQJ�FRJQLWLYH�PDSV��$�PLVPDWFK�EHWZHHQ�H[SHFWHG�
and actual states of landmarks, caused by seasonal changes, weather conditions, 
RU�REVWUXFWLRQV��FDQ�OHDG�WR�VLJQLȴFDQW�GLVRULHQWDWLRQ��7R�DGGUHVV�WKLV��QDYLJDWLRQ�
DLGV�VKRXOG�RHU�FOHDU�GHVFULSWLRQV�WKDW�DUH�HDVLO\�LGHQWLȴDEOH�LQ�ERWK�PDS�
EDVHG��DOORFHQWULF��DQG�UHDO�ZRUOG��HJRFHQWULF��YLHZV��)ROORZLQJ�WKH�ZD\ȴQGLQJ�
design guidelines proposed here, more inclusive navigation systems can be designed 
IRU�SHRSOH�LQ�DOO�VHFWLRQV�RI�WKH�QDYLJDWLRQDO�VNLOO�VSHFWUXP��)UHTXHQW�ZD\ȴQGLQJ�
cues in the physical environment and adaptable information layers based on user 
preferences are crucial.

%\�SURYLGLQJ�VXɝFLHQW�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ��ZLWKRXW�RYHUZKHOPLQJ�
WKH�XVHU�DQG�EOHQGLQJ�ZD\ȴQGLQJ�HOHPHQWV�LQWR�WKH�HQYLURQPHQW��ZH�FDQ�HQKDQFH�
QDYLJDWLRQ�HHFWLYHQHVV�DQG�UHGXFH�UHOLDQFH�RQ�WHFKQRORJ\��)URP�WKHVH�ȴQGLQJV��
it is possible to create a framework of guidelines that comprehensively integrates 
DOO�WKH�QHFHVVDU\�JXLGHOLQHV�IRU�GHVLJQLQJ�ZD\ȴQGLQJ�V\VWHPV�DGDSWHG�WR�FXUUHQW�
WHFKQRORJ\��ZKLOH�DOVR�FRQVLGHULQJ�WKH�VSHFLȴF�QHHGV�RI�LQGLYLGXDOV�ZLWK�ORZ�
navigational skills, such as those with DTD.

2.3 Discussion of Results

7KH�TXDOLWDWLYH�UHVHDUFK�VKRZV�WKDW�SHRSOH�ZLWK�ORZ�QDYLJDWLRQDO�VNLOOV�
experience similar impacts as those with DTD, but younger, highly educated 
individuals feel less negative impact on their self perception as low 
navigational skills is not seen as a detriment to intelligence. Due to their 
reliance on navigation technology, their exposure to daily disorientation 
and spatial anxiety seems to be reduced, which seems to lead to a higher 
perceived autonomy.

There is a very high dependence on navigation technology.

The participants rely heavily on GPS-based applications like Google Maps 
for route guidance, time estimation, and public transportation updates. This 
dependence, while convenient and reassuring, raises concerns about its 
ORQJ�WHUP�HHFWV�RQ�QDYLJDWLRQDO�VNLOOV�DQG�DXWRQRP\��VXJJHVWLQJ�D�QHHG�
for interventions balancing technological support with skill development in 
navigation.

(ǀĤ�Ƹż�ƸŇĤōƢ�ƢĤŦōùűĖĤ�żű�ƸĤĖŇűżŦżĿǟҀ�ƸŇĤōƢ�ùǀƸżűżůǟ�ōƪ�ƪǀľǰĖōĤűƸ�Ƹż�
ƪǀĖĖĤƪƪľǀŦŦǟ�ƟĤƢľżƢů�űùǘōĿùƸōżű�ùűĝ�ǙùǟǰűĝōűĿ�ùĖƸōǘōƸōĤƪ҅

Technology, especially tools like Google Maps, provides participants with a 
sense of autonomy in navigating both familiar and unfamiliar environments. 
They feel fully autonomous using these tools but acknowledge varying 
degrees of autonomy without them. Activities such as cycling or even hiking 
are often undertaken with initial technological assistance, highlighting 
technology's role in maintaining autonomy.

ÁŇĤ�ĤůżƸōżűùŦ�ōůƟùĖƸ�żľ�ƸŇĤōƢ�ǙùǟǰűĝōűĿ�ƪŢōŦŦƪ�ōƪ�ƪōĿűōǰĖùűƸŦǟ�
lower compared to people with DTD.

The participants' reliance on navigation technology mitigates the emotional 
LPSDFW�RI�WKHLU�SRRU�QDYLJDWLRQDO�VNLOOV��7KH\�GR�QRW�H[SHULHQFH�VLJQLȴFDQW�
spatial anxiety or lowered self-esteem related to navigation abilities, unlike 
people with DTD who tend to experience higher anxiety and rely on coping 
strategies such as avoidance.

The impact in daily life of having low navigational skills varies 
ƪōĿűōǰĖùűƸŦǟ�ƟĤƢ�ƟĤƢƪżű�ùűĝ�ƸŇĤ�ĖżůƟŦĤǞōƸǟ�żľ�ƸŇĤōƢ�ĤűǘōƢżűůĤűƸ҅

7KH�LPSDFW�RI�ORZ�QDYLJDWLRQDO�VNLOOV�YDULHV�VLJQLȴFDQWO\�DPRQJ�SDUWLFLSDQWV��
LQȵXHQFHG�E\�LQGLYLGXDO�VWUDWHJLHV�DQG�HQYLURQPHQWDO�FRPSOH[LW\��:KLOH�
technology reduces the overall impact, challenges remain in activities 
UHTXLULQJ�PHPRU\�RI�PXOWLSOH�LQVWUXFWLRQV��ΖQGRRU�ZD\ȴQGLQJ�SRVHV�IHZHU�
FKDOOHQJHV��ZLWK�SDUWLFLSDQWV�ȴQGLQJ�LW�HDVLHU�WR�DVN�IRU�KHOS�LQ�HQFORVHG�
spaces.
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І҅�(ĤǰűĤІ҅�(ĤǰűĤ

І҅Ѕ�ÁŇĤ�áùǟǰűĝōűĿ�³ǟƪƸĤů

І҅Є�«ĤĝĤǰűōűĿ�ƸŇĤ�ƟƢżĕŦĤů

3.3 Design Directions

І҅Є�«ĤĝĤǰűōűĿ�ƸŇĤ�ƟƢżĕŦĤů

Based on the insights gathered from the user research, DTD is not a great 
impairment or cause for anxiety in university students / recent graduates. 
Nonetheless, it was also learned that this target group also highly struggles with the 
mental rotation task of converting a map in an allocentric view, into decisions that 
need to be made in an egocentric view and vice versa.

The most popular products on the market, such as Google Maps, have developed 
version to translate these two views, but users either (1) not know them (2) don't 
want to dedicate time into watching every step and remembering it (3) they still do 
QRW�XQGHUVWDQG�WKHP��$Q�H[DPSOH�RI�WKLV�YLHZ�FDQ�EH�REVHUYHG�LQ�ȴJXUH�����
So how can the design of technology for navigation be more usable? 

For this, WKH�IROORZLQJ�FKDSWHU�EXLOGV�RQ�WKH�LQVLJKWV�JDWKHUHG�IURP�WKH�
OLWHUDWXUH�UHYLHZ�DQG�LQWURGXFHV�VSHFLȴF�GHVLJQ�JXLGHOLQHV�WDLORUHG�IRU�D�PRUH�
LQFOXVLYH�ZD\ȴQGLQJ�V\VWHP� This framework aims to provide practical suggestions 
to ensure that navigation tools accommodate the needs of individuals with weak 
navigational skills, those with Developmental Topographical Disorientation, and 
possibly users with other cognitive impairments. 

Furthermore, a design concept is ideated to innovate on navigation technology and 
later tested with the same target group to observe if the applied insights from the 
user research phase were succesful. 

7KH�JHQHUDO�JRDO�RI�WKLV�SURMHFW�UHPDLQV�WR�improve not only the 
XQGHUVWDQGLQJ�RI�FRJQLWLYH�FRQGLWLRQV�OLNH�'7'�EXW�DOVR�WKH�EURDGHU�
LPSOLFDWLRQV�IRU�GHVLJQ�LQ�DFFHVVLEOH�QDYLJDWLRQ�V\VWHPV�

a. Overview

a. Adjusting the scope (brief 2.0)

ĕ҅�JǀōĝĤŦōűĤƪ�ƟĤƢ�ĤŦĤůĤűƸ

c. Interaction vision

b. Design goal

Ė҅�!ùƪĤ�ƪƸǀĝǟѿ�JżżĿŦĤ�xùƟƪ

a. Adjusting the scope
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ĕ҅�(ĤƪōĿű�JżùŦ

c. Interaction Vision

Based on the insight that people with DTD tend to struggle with translating  
maps into the real 3D environment, the following design goal has the 
SRWHQWLDO�WR�DLG�LQ�WKH�GHȴQLWLRQ�RU�:D\ȴQGLQJ�*XLGHOLQHV�DQG�ODWHU�JXLGH�
the design of an intervention that improves the inclusiveness of navigation 
technology. 

%ULGJLQJ�WKH�JDS�EHWZHHQ�PDS�EDVHG�SHUVSHFWLYHV��DOORFHQWULF�
YLHZ��DQG�UHDO�ZRUOG�H[SHULHQFHV��HJRFHQWULF�YLHZ��E\�XVLQJ�
engaging technology that stimulates spatial orientation skills 
DQG�HPSRZHUV�XVHUV�ZLWK�ZHDN�QDYLJDWLRQDO�VNLOOV�DQG�SRVVLEO\�
DTD so they don't depend on technology for daily navigation.

$V�LQVSLUDWLRQ�WR�GHYHORS�FRQFHSWV�WR�IXOȴO�WKDW�GHVLJQ�JRDO��DQ�LQWHUDFWLRQ�
vision was ideated in which the navigation system should feel like a guided 
tour experience. In this analogy, the navigation system acts as a tour guide, 
RHULQJ�XVHUV�WKH�FKRLFH�WR�HLWKHU�FORVHO\�IROORZ�GHWDLOHG�JXLGDQFH�RU�VWHS�
EDFN�DQG�H[SORUH�DXWRQRPRXVO\��$V�VHHQ�LQ�ȴJXUH�����WKH�XVHU�ZLOO�IHHO�
guided, informed and committed to retain that newly learned information 
from a system that is entertaining and accurate but still allows autonomy 
from it. 

7KLV�ȵH[LEOH�DSSURDFK�HQVXUHV�WKDW�XVHUV�IHHO�VXSSRUWHG�EXW�QRW�
overwhelmed, allowing them to engage at their own pace. The system 
should make learning about one’s environment feel like a fun and rewarding 
process, rather than a stressful task.

Figure 28. Interaction Vision.

)LJXUH�����'HVLJQ�*RDO�
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І҅Ѕ�ÁŇĤ�áùǟǰűĝōűĿ�³ǟƪƸĤů

a. Overview

%DVHG�RQ�WKH�JHQHUDO�ZD\ȴQGLQJ�JXLGHOLQHV�SUHYLRXVO\�H[SORUHG�LQ�WKH�
literature review and the discussion of the results from the interviews done, 
QHZ�ZD\ȴQGLQJ�JXLGHOLQHV�DUH�SURSRVHG�WR�GHVLJQ�QDYLJDWLRQ�V\VWHPV�WKDW�
are apt for people with low navigational skills and people with DTD.
As outlined in the literature review, four key sources were examined to 
develop these guidelines. The purpose of combining these sources was to 
FUHDWH�D�FRPSUHKHQVLYH�DSSURDFK�WR�D�ZD\ȴQGLQJ�V\VWHP��LQFRUSRUDWLQJ�
inclusive design principles, accessibility considerations, technological 
DGYDQFHPHQWV��DQG�WKH�VSHFLȴF�QHHGV�RI�LQGLYLGXDOV�ZLWK�ORZ�QDYLJDWLRQDO�
skills.

The guidelines provide a comprehensive framework for designing an 
HHFWLYH�QDYLJDWLRQ�V\VWHP�WKDW�LQWHJUDWHV�HQYLURQPHQWDO�IDFWRUV��ZD\ȴQGLQJ�
elements, representation systems, and user interaction to support 
individuals with low navigational skills, such as those with DTD, in navigating 
WKHLU�VXUURXQGLQJV�ZLWK�JUHDWHU�DXWRQRP\�DQG�FRQȴGHQFH��7KH�VWUXFWXUH�RI�
WKH�IUDPHZRUN�FDQ�EH�REVHUYHG�LQ�ȴJXUH����

7KH�V\VWHP�FRQVLVWV�RI���HOHPHQWV��WKH�HQYLURQPHQW��WKH�ZD\ȴQGLQJ�
elements, the navigation system (also called the representation) and how the 
XVHU�VKRXOG�LQWHUDFW�ZLWK�WKHP��$OO�HOHPHQWV�LQ�WKH�ZD\ȴQGLQJ�V\VWHP�FDQ�
DOVR�EH�REVHUYHG�DV�D�ZKROH�LQ�ȴJXUH����

)LJXUH�����6RXUFHV�IRU�:D\ȴQGLQJ�6\VWHP�

)LJXUH�����7KH�:D\ȴQGLQJ�6\VWHP�

)LJXUH�����ΖOOXVWUDWLRQ�RI�WKH�:D\ȴQGLQJ�6\VWHP
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ĕ҅�JǀōĝĤŦōűĤƪ�ƟĤƢ�ĤŦĤůĤűƸ

Environment (physical space)

The physical environment consists of all the 
elements in the immediate surroundings 
of the user, including buildings, streets, 
sidewalks, street crossings, stoplights, and 
other objects such as advertisements. It 
should minimize competing stimuli and 
RHU�FOHDU�YLHZV�EHWZHHQ�ODQGPDUNV��ORJLFDO�
GHFLVLRQ�SRLQWV��DQG�ZD\ȴQGLQJ�HOHPHQWV�
to facilitate smooth navigation. Signage and 
cues must be consistent and positioned 
strategically at decision points and access 
points, ensuring users can easily transition 
between allocentric and egocentric views with 
accurate orientation.

)LJXUH�����ΖOOXVWUDWLRQ�RI�WKH�:D\ȴQGLQJ�6\VWHP��(QYLURQPHQW

7DEOH����:D\ȴQGLQJ�*XLGHOLQHV�IRU�'7'��(QYLURQPHQW

áùǟǰűĝōűĿ�0ŦĤůĤűƸƪ

:D\ȴQGLQJ�HOHPHQWV�UHIHU�WR�REMHFWV�DQG�
markers that help guide users through a 
space, such as signage, landmarks, or visual 
cues in the environment. These elements 
must be recognizable, contrasting with 
WKHLU�VXUURXQGLQJV��DQG�RHU�FRQVLVWHQW�
and progressive directional cues to prevent 
confusion. Signage should be positioned 
at eye-level and overhead, displaying only 
the most relevant information in a clear 
and standardized manner to guide users 
HɝFLHQWO\�

)LJXUH�����ΖOOXVWUDWLRQ�RI�WKH�:D\ȴQGLQJ�6\VWHP��(OHPHQWV

7DEOH����:D\ȴQGLQJ�*XLGHOLQHV�IRU�'7'��:D\ȴQGLQJ�(OHPHQWV
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Representation / Navigation System

The representation or navigation system 
includes any digital or physical tools that 
display a representation of the environment 
or the navigation instructions to take, such 
as maps, GPS interfaces, or augmented 
reality systems. The system must ensure a 
smooth translation between egocentric and 
DOORFHQWULF�YLHZV��UHȵHFWLQJ�WKH�UHDO�WLPH�VWDWH�
of the environment and providing users with 
segmented, customizable information. It 
VKRXOG�RHU�SHUVRQDOL]DWLRQ�IHDWXUHV��VXFK�DV�
interface customization and feedback options, 
allowing users to tailor the system to their 
needs and navigation patterns.

)LJXUH�����:D\ȴQGLQJ�6\VWHP��1DYLJDWLRQ�V\VWHP

7DEOH����:D\ȴQGLQJ�*XLGHOLQHV�IRU�'7'��1DYLJDWLRQ�6\VWHP

&RQWLQXDWLRQ�7DEOH����:D\ȴQGLQJ�*XLGHOLQHV�IRU�'7'��1DYLJDWLRQ�6\VWHP
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User interaction

This user interaction refers to the ways in 
which a person engages with the navigation 
V\VWHP�RU�HQYLURQPHQW�WR�ȴQG�WKHLU�ZD\��VXFK�
as choosing routes or responding to cues. 
Users should interact with the navigation 
system through adaptable decision-making 
options, anticipatory cues, and feedback 
mechanisms that empower them and reduce 
dependency on visual aids. The system should 
encourage spatial memory training while 
RHULQJ�LQWXLWLYH�VXSSRUW�DQG�UHDVVXUDQFH�
at critical points to foster autonomy and 
FRQȴGHQFH�LQ�QDYLJDWLRQ�

)LJXUH�����:D\ȴQGLQJ�6\VWHP��8VHU�LQWHUDFWLRQ

7DEOH����:D\ȴQGLQJ�*XLGHOLQHV�IRU�'7'��8VHU�LQWHUDFWLRQ

ĕ҅�!ùƪĤ�³Ƹǀĝǟѿ�JżżĿŦĤ�xùƟƪ

In order to verify that the proposed interaction guidelines are 
grounded in current technical capabilities, a review was done of 
one of the most popular existing navigation tools, such as Google 
Maps. The aim was to identify how well Google Maps has developed 
concepts around these guidelines and where could there be room for 
innovation.

Focusing on one of the most pressing topics of the user's given 
feedback about navigation, was the translation of the provided 
allocentric view (map) into the decision points that need to be taken 
in an egocentric point of view.

)LJXUH�����*RRJOH�0DSV�&DVH�6WXG\�RI�SURSRVHG�JXLGHOLQHV��$OORFHQWULF�WR�(JRFHQWULF�WUDQVODWLRQV�

Allocentric to Egocentric translations

*RRJOH�0DSV�RHUV�IHDWXUHV�WKDW�DOLJQ�ZLWK�HDFK�RI�WKH�DFFHVVLELOLW\�WUDLWV�
highlighted in the guidelines. A detailed comparison of these features can 
be found in Appendix __. Since the guidelines were shaped by user feedback 
IURP�TXDOLWDWLYH�UHVHDUFK��ZKHUH�WKH\�VKDUHG�WKHLU�H[SHULHQFHV�ZLWK�*RRJOH�
0DSV��LW�UDLVHV�DQ�LPSRUWDQW�TXHVWLRQ�
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ÁŇĤ�áùǟǰűĝōűĿ�³ǟƪƸĤů�ң�kĤǟ�XűƪōĿŇƸƪѿ

• 7KH�ZD\ȴQGLQJ�V\VWHP�FRQVLVWV�RI�HQYLURQPHQWDO�HOHPHQWV��ZD\ȴQGLQJ�
aids, representation systems (maps), and user interaction

• (DFK�HOHPHQW�LQ�WKH�ZD\ȴQGLQJ�V\VWHP�VKRXOG�IRFXV�RQ�RHULQJ�FOHDU��
progressive directional cues and logical decision points. Signage and 
navigation aids must be adapted for both allocentric and egocentric 
navigation 

• A case study of Google Maps was conducted to evaluate how well its 
IHDWXUHV�DOLJQ�ZLWK�WKH�SURSRVHG�ZD\ȴQGLQJ�JXLGHOLQHV��$OWKRXJK�*RRJOH�
Maps provides detailed guidance, users often do not engage with its full 
capabilities

)LJXUH�����*RRJOH�0DSV�&DVH�6WXG\�RI�SURSRVHG�JXLGHOLQHV��$OORFHQWULF�WR�(JRFHQWULF�WUDQVODWLRQV�

Adapting to the user’s mental map

if these features are already in place, why aren't users engaging with them?

3.3 Design directions

a. New interactions

+DYLQJ�GHȴQHG�WKH�LQWHUDFWLRQ�JXLGHOLQHV�IRU�SHRSOH�ZLWK�ORZ�QDYLJDWLRQDO�
skills, it was easy to already think of a few new interventions/features that 
could be applied to navigational aids in order to make them more inclusive. 
These new features could improve how much a person can remember of 
the route and also motivate them to use the navigational aid less by using 
JDPLȴFDWLRQ�HOHPHQWV��

+HUH�DUH�D�IHZ�H[DPSOHV�RI�GLHUHQW�PRGHV�IHDWXUHV�WKDW�FRXOG�LPSURYH�
UHWDLQDELOLW\��$�VSHFLȴF��FRQWH[W�RI�XVH��ZDV�FKRVHQ�DV�D�VWDUWLQJ�SRLQW�IRU�WKH�
ideation of an intervention.

Nonetheless, these features were the result of an initial brainstorming 
directly after the Case Study was done. They still rely mainly on the visual 
sense by showing the landmarks they need to remember. The design 
space could be further explored, which is why more concepts were further 
developed. 

Figure 38.  Ideation on navigation interactions 
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4. Develop4. Develop
4.1 Design concept

a. Ideation

a. Further research on memorization strategies

b. Creating an mnemonic aid for navigation 

c. Testing Mnemonics in the concept 

d. Pilot + iteration 

e. Final prototype 

b. Evaluation of ideas

c. Concept choice

4.2 Development & Prototyping

4.1 Design Concept 

a. Ideation

First Ideas
+DYLQJ�GHȴQHG�WKH�LQWHUDFWLRQ�JXLGHOLQHV�IRU�SHRSOH�ZLWK�ORZ�QDYLJDWLRQDO�VNLOOV��LW�
was easy to already think of a few new interventions/features that could be applied 
to navigational aids in order to make them more inclusive. These new features could 
improve how much a person can remember of the route and also motivate them to 
XVH�WKH�QDYLJDWLRQDO�DLG�OHVV�E\�XVLQJ�JDPLȴFDWLRQ�HOHPHQWV��

+HUH�DUH�D�IHZ�H[DPSOHV�RI�GLHUHQW�PRGHV�IHDWXUHV�WKDW�FRXOG�LPSURYH�
UHWDLQDELOLW\��$�VSHFLȴF��FRQWH[W�RI�XVH��ZDV�FKRVHQ�DV�D�VWDUWLQJ�SRLQW�IRU�WKH�
ideation of an intervention.

)LJXUH�����%UDLQVWRUPLQJ�ȴUVW�LGHDV
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Clustering Ideas
The previous concept ideas were clustered based on the attributes from the 
interaction vision, such as the level of user autonomy they promote, their 
entertainment value, and their reliance on technology. This allowed for a 
FOHDUHU�XQGHUVWDQGLQJ�RI�ZKLFK�VROXWLRQV�ZRXOG�EH�PRVW�HHFWLYH�LQ�HQJDJLQJ�
XVHUV�ZKLOH�IXOȴOOLQJ�WKH�GHVLJQ�JRDO�RI�IRVWHULQJ�LQGHSHQGHQFH�LQ�QDYLJDWLRQ�

Figure 40. Idea clustering

7KH�ȴUVW�FOXVWHU�KDV�DV�WKH�PRVW�
desirable attributes that the system 
is "entertaining" and that the user 
"feels guided". This is in line with the 
interaction vision as a tour guide 
analogy. Nonetheless, the practicality 
of the system is important so that it 
is easy and convenient for the user 
to use it and therefore increase the 
motivation.

The second cluster focuses on 
KLJKOLJKWLQJ�WKH�GLHUHQW�W\SHV�RI�
representation the system can have.

Ideally, the user will feel guided 
even when they are already on 
the road and will not depend 
only on remembering a visual 
representation. Although, guidance 
based on preparation could also be 
interesting to propose as a concept 
if users are motivated to spend 
additional time.

This third cluster, although less 
relevant, is to align the ideation 
process with the goals set from the 
beginning of this project. Creating 
technological innovation will follow 
the current design tendencies and 
providing personalization to the user 
can adapt the system to their own 
needs.

Highlighting the differences

)URP�WKH�SUHYLRXV�FOXVWHULQJ��LW�EHFDPH�FOHDUHU�KRZ�WKH�LGHDV�GLHUHG�
EHWZHHQ�WKHP��7KLV�GLHUHQWLDWLRQ�SURYLGHG�DQRWKHU�RSSRUWXQLW\�WR�IXUWKHU�
develop design concepts that adapt to the user needs.

These four opportunities provide the design directions to be developed 
in the following section. These approaches will be further detailed and 
evaluated to formulate the design concept.

)LJXUH�����'HYHORSLQJ�WKH�ȴUVW�FRQFHSWV
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Design Concept Approaches
The concepts developed represent various approaches to a navigational aid 
system. Each concept was then analyzed in greater depth, focusing on how 
closely they align with the attributes outlined in the interaction vision. Here 
DUH���GHVLJQ�DSSURDFKHV�

 Each concept demonstrates varying strengths across the attributes. For 
example, the "Personalized route songs" concept is more autonomous and 
guiding, while the "Engaging treasure hunt" is highly entertaining but low on 
providing guidance. Meanwhile, "Community route creation" emphasized 
commitment and user interaction, and the "Navigational device on bike" 
SURYLGHG�D�XQLTXH�EOHQG�RI�ERWK�SK\VLFDO�DQG�GLJLWDO�QDYLJDWLRQ�DLGV��H[FHOOLQJ�
in user autonomy but with moderate accuracy depending on its setup.

Figure 44. Concept 3 Community route creation

Figure 45.Navigational device on bike

)LJXUH�����&RQFHSW���3HUVRQDOL]HG�URXWH�VRQJV

Figure 43. Concept 2 Engaging treasure hunt
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b. Evaluation of ideas
To assess the potential of each proposed concept, two evaluations were done 
ZLWK�D�:HLJKWHG�6FRUH�WHFKQLTXH��9DQ�%RHLMHQ�HW�DO���������ZHUH�HPSOR\HG��
7KLV�DOORZV�IRU�DQ�REMHFWLYH�HYDOXDWLRQ�RI�KRZ�ZHOO�WKH�FRQFHSWV�IXOȴOOHG�WKH�
DWWULEXWHV�GHȴQHG�LQ�WKH�LQWHUDFWLRQ�YLVLRQ�DQG�DOVR�WKH�LQWHUDFWLRQ�JXLGHOLQHV�
proposed in the last chapter. Each concept was scored on a scale of 1 to 
��EDVHG�RQ�KRZ�ZHOO�LW�SHUIRUPHG�DJDLQVW�HDFK�DWWULEXWH�UHTXLUHPHQW��ΖW�
is worth noting that this evaluation was done to aid in choosing a design 
FRQFHSW��7KHVH�DSSURDFKHV��LI�IXUWKHU�GHYHORSHG�FRXOG�KDYH�SUREDEO\�IXOȴOOHG�
WKH�UHTXLUHPHQWV�DQG�VFRUHG�KLJKHU�EDVHG�RQ�WKH�VHW�DWWULEXWHV��

The Weighted Score analysis 
clearly highlights that 
the personalised route 
representation approach 
outperforms the other 
concepts. While other concepts, 
such as the engaging treasure 
hunt approach, score highly in 
entertainment, they fall short 
in critical areas like accuracy 
and guidance, making them 
less practical for everyday 
navigation.

This analysis based on the system 
JXLGHOLQHV�DV�UHTXLUHPHQWV�KLQWV�WKDW�
the Personalized Route Representation 
concept is the most comprehensive 
solution. This concept excels in critical 
areas such as Egocentric to Allocentric 
Translation, Indication of Location 
and Elements, and Error Recovery, 
making it a well-rounded choice for 
users with low navigational skills. It 
balances automation, autonomy, and 
XVHU�HQJDJHPHQW��RHULQJ�SHUVRQDOL]HG�
guidance while minimizing cognitive 
load.

7DEOH����:HLJKWHG�6FRUH���$WWULEXWHV

7DEOH����:HLJKWHG�6FRUH���ΖQWHUDFWLRQ�*XLGHOLQHV

Weighted score - Attributes

áĤōĿŇƸĤĝ�ƪĖżƢĤ�ң�XűƸĤƢùĖƸōżű�JǀōĝĤŦōűĤƪ

c. Concept choice

Personalized route song generation

System attributes: User attributes:

After the previous selection of a concept, the "Personalized Route Songs" 
FRQFHSW�ZDV�FKRVHQ�WR�EH�IXUWKHU�GHYHORSHG��$�VSHFLȴF�XVHU�FDVH�ZDV�
GHȴQHG�DV�WKH�FRQWH[W�WR�KDYH�D�VWDUWLQJ�SRLQW�IRU�WKH�GHVLJQ�DQG�VSHFLI\�WKH�
interaction.

Figure 46. Design Concept

• Provides accurate information 
at the precise time

• Allows autonomy to the user 
for them to choose whether 
they want this or not

• Entertains the user and  
captures their attention

• The user feels committed to retain 
that gained information

• The user feels like they are EHLQJ�
accurately guided to their 
destination

• The user feels like they are informed 
about something they didn't know
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User - system interactions

Table 9 outlines the general phases of the user journey for the Personalized 
Route Representation concept, which generates tailored audio navigation 
through music. It details how the user interacts with the system from the 
PRPHQW�WKH\�LQSXW�WKHLU�IUHTXHQW�GHVWLQDWLRQV�WR�WKH�FRPSOHWLRQ�RI�WKHLU�
journey, with a focus on minimising cognitive load and enhancing navigation 
enjoyment through an immersive and intuitive experience.

7DEOH����8VHU���6\VWHP�LQWHUDFWLRQV�

Conclusion

7KLV�FRQFHSW�FRXOG�IXOȴO�WKH�VHW�GHVLJQ�JRDO�DQG�PRWLYDWH�WKH�XVHU�WR�
remember better the navigational decisions that need to be made, 
regardless whether they have DTD or not. Nonetheless, looking back again 
at the set design goal, there is a problem. In order to allow user autonomy 
from the system, the user must not fully rely on it to know/remember all 
the navigational decisions to be made. Which is why the dilemma with this 
concepts lies on whether the user should be motivated to learn the lyrics of 
the song with the instruction well before going physically on the route.

As mentioned earlier, individuals with DTD often rely on memorizing 
landmarks to navigate, especially after encountering them a few times. But 
what if they could familiarize themselves with these landmarks in advance? 
Could this lessen their dependence on real-time navigation? Considering 
that most current GPS tools are visually focused, could a new approach that 
LQWHJUDWHV�DXGLWRU\�FXHV�SURYH�MXVW�DV�HHFWLYH�LQ�WUDQVODWLQJ�QDYLJDWLRQDO�
decisions from a map-based (allocentric) view to the real-world (egocentric) 
perspective, where decisions are actually made?

7R�DQVZHU�WKH�SUHYLRXV�TXHVWLRQV��PHPRUL]DWLRQ�VWUDWHJLHV�ZHUH�VWXGLHG�DQG�
are explained in the following chapter.

)LJXUH�����5HȵHFWLRQ�RQ�WKH�DOLJQPHQW�EHWZHHQ�WKH�'HVLJQ�&RQFHSW�DQG�WKH�'HVLJQ�*RDO

Design Concept - Key Insights:

• The ideation process focused on innovating for navigational retainability 
and traceability, for individuals with DTD through the integration of both 
auditory and visual aids.

• The chosen design concept involves using a song to help users 
remember navigation instructions. This concept was based on the idea 
WKDW�IDPLOLDU�PHORGLHV�FDQ�EH�WLHG�WR�VSHFLȴF�ZD\ȴQGLQJ�GHFLVLRQV��
enhancing memorability.
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4.2 Development & Prototyping 

a. Further research on 
memorization strategies

Mnemonics

1. Peg method

People use certain tricks in order to remember concepts, terms, a 
VHTXHQFH��RU�GDLO\�WDVNV��7KHVH��WULFNV��DUH�FDOOHG�PQHPRQLFV��"A mnemonic 
is an association between the information that needs to be recalled and 
LQIRUPDWLRQ�WKDW�LV�PRUH�HDVLO\�UHFDOOHG��VSHFLȴFDOO\��LQIRUPDWLRQ�WKDW�KDV�
previous ingrained meaning, such as personal or humorous information 
�6RDQHV�HW�DO�b�������

Most children learn in school songs that would help remember the order 
of terms, or the parts of the body, numbers in a foreign language, etc. 
Mnemonics are widely applied in current education with various methods. 
Here are 3 methods that were explored as a basis for this design concept.

This method is the most likely the one you have encountered in modern 
education. The peg method is "mnemonic technique used to enhance memory 
by associating information with a set of pre-memorized "peg words" that 
are easily recalled. Each peg word corresponds to a number and serves as a 
mental "hook" to which new information can be attached." (Higbee, 2001)

In the case of memorizing navigational instructions it could prove useful to 
associate the navigational instructions to the rhyming elements of the peg 
PHWKRG��)RU�H[DPSOH��

2QH�LV�D�EXQ� First, turn right at the residential building. A giant bun on top 
of the building can be imagined  or residents carrying buns to emphasize 
that it's a residential area.

Two is a shoe: Next, take the second exit at the roundabout. Visualize a giant 
shoe at the second exit of the roundabout, guiding you to take that exit"

2. Musical Mnemonics

7KH�SKHQRPHQRQ�RI�XVLQJ�WKH�VDPH�PHORG\�IRU�GLHUHQW�VHWV�RI�O\ULFV��OLNH�
with the "ABCD song" and "Twinkle Twinkle Little Star," is a great example 
of how musical mnemonics work. Our brains are capable of associating 
GLHUHQW�YHUEDO�FRQWHQW�ZLWK�WKH�VDPH�PHORG\�GXH�WR�D�IHZ�NH\�FRJQLWLYH�
processes.

7KLV�LV�SRVVLEOH�EHFDXVH�WKHVH�WZR�VRQJV�DUH�OHDUQHG�LQ�GLHUHQW�FRQWH[WV��
Familiarity with the context (learning the alphabet vs. a nursery rhyme) plays 
a role in how easily the brain can separate the lyrics. 
Wallace (1994) noted that familiar melodies used in mnemonic techniques 
increase the ease of recall because the brain processes familiar auditory 
VWUXFWXUHV�PRUH�HɝFLHQWO\�

Musical mnemonics are not only for children. They have been studied to 
establish if they have the potential of improving working memory in adults, 
with and without cognitive impairments. As 'HUNV�'LMNPDQ�HW�DO����������
VWXGLHG�WKDW�UK\WKP�VLJQLȴFDQWO\�LPSURYHG�ZRUNLQJ�PHPRU\�SHUIRUPDQFH�LQ�
both cognitively unimpaired young adults and older adults, supporting the 
idea that rhythmic mnemonics can enhance recall by chunking information in 
a structured way.

$�VLPLODU�DQG�SURPLVLQJ�HHFW�ZDV�VWXGLHG�LQ�LQGLYLGXDOV�ZLWK�FRJQLWLYH�
impairments such as Alzheimer’s Dementia. The literature review suggests 
that �0XVLF�PD\�IXQFWLRQ�DV�D�WHPSRUDO�VFDROG��WKHUHE\�VHOHFWLYHO\�GLUHFWLQJ�
attention, and thus reinforce and facilitate learning and memory." (Derks-
Dijkman, Schaefer, & Kessels, 2024).  

This shows that musical mnemonics is a promising direction for people with 
DTD and people with low navigational skills as well. That review also provides 
D�IRUPXOD�WR�FUHDWH�D�VXFFHVVIXO�PXVLFDO�PQHPRQLF�DLG�

0XVLFDO�VWLPXOXV���YHUEDO�PDWHULDO���SHUVRQDO�DVSHFWV� �UHPHPEHULQJ
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Musical mnemonics for navigation

1. Initial Prototype: Story-Based Mnemonic

Coming back to the scope of the project, using musical mnemonics for 
navigation is not a new concept. Aboriginal cultures from Australia still 
preserve to this day the concept of "Songlines". 

Victorian Aboriginal Heritage Council (2016). notes (as cited in Green, 1989) 
"Just like the GPS in your car gives you directions as to when and where to 
turn, Aboriginal people coded the directions for travel in a continuous song 
that was chanted as you went along." 

They would detail a story that took place linked to geographical features. Such as 
a how a warrior made a canoe out of a tree, referencing that the traveller must 
encounter a tree with a scar the size of a canoe. This is a direct reference of a 
cognitive map based on landmarking.

7KHVH�VRQJV��ZKLFK�DOVR�GHȴQH�JURXSV�DQG�ODZV�DQG�LPSDUW�FXOWXUDO�YDOXHV��KDYH�
been passed down from one generation to the next over thousands of years. (Cultural 
+HULWDJH��������

In summary, this concept of aboriginal Songlines can be translated into a 
modern day style of navigation, incorporating the auditory sense in a more 
engaging way than just listening to the directions spoken outloud by the 
voice of the GPS. This is the main inspiration for using musical mnemonics 
to help individuals with DTD improve spatial recall without relying on visual 
maps.

Songlines are sang stories with 
landmarks of the route, so they 
knew that they are going in the 
right direction. 

Songlines involve using 
dramatic story songs that First 
Nations people began creating 
long before the written word 
as a mnemonic and spiritual 
system to navigate Australia’s 
harsh terrain: they would do 
so by singing the songs as 
they walked across the land. 
�&XOWXUDO�+HULWDJH��������

b. Creating a mnemonic aid for 
navigation 

Figure 48. Illustration of Aboriginal Songlines related to navigation.

This phase aims to explore whether the use of musical mnemonic aids 
can improve the retainability and traceability of navigational instructions, 
particularly for individuals with low spatial orientation skills, such as those 
with DTD. Nonetheless, as the visual sense is still predominant, even 
in people with low navigational skills, the concept will merge the visual 
representation and the auditive mnemonic aid, so the user can use both 
mechanisms to remember the routes better.

7KH�VWDUWLQJ�SRLQW�WR�FUHDWH�D�0XVLFDO�0QHPRQLF�$LG���ZDV�ȴUVW�FKRRVLQJ�D�
memorable melody alongside an interesting story to go along with it.

ΖQ�WKH�ȴUVW�LWHUDWLRQ��WKH�IRFXV�ZDV�RQ�FUHDWLQJ�D�VWRU\�EDVHG�PQHPRQLF��
where participants would remember navigational instructions through 
D�FRKHUHQW�QDUUDWLYH�OLQNHG�WR�ODQGPDUNV��8VLQJ�VWRU\WHOOLQJ�WHFKQLTXHV�
inspired by the Aboriginal Songlines concept, which links stories to 
geographical features. For the melody, the starting point was thinking of 
which songs where the most memorable, and the result was children's 
songs. The chosen melody was Yankee Doodle, a familiar tune known (to 
me, the designer, from my childhood) used in the popular children's show 

Apart from the visual translation of an Allocentric to an Egocentric 
representation that is incorporated to the design concept, such as the 
H[DPSOH�VKRZQ�LQ�ȴJXUH�����WKH�GLUHFWLRQV�JLYHQ�E\�WKH�V\VWHP�ZLOO�EH�VKRZQ�
in a mnemonic based structure. 

What facilitates remembering directions more for people with low 
orientation skills, a musical mnemonic aid or a visual aid?

)LJXUH�����$OORFHQWULF�WR�HJRFHQWULF�UHSUHVHQWDWLRQ�RI�WKH�GHVLJQ�FRQFHSW
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Ѕ҅�³ĤĖżűĝ�¨ƢżƸżƸǟƟĤ�җǰƢƪƸ�ōƸĤƢùƸōżűҘѿ

System: Navigational aid

To simplify the memory load, the story-based mnemonic was transformed 
LQWR�VKRUWHU�YHUVHV�VHW�WR�UK\PH�DQG�ZLWK�WKH�VSHFLȴF�OHQJWK�RI�PHORG\��
The rhythmic and repetitive nature of the song made it a good candidate 
for enhancing memorability. However, during testing, it was discovered 
that the chosen melody "Yankee Doodle" was not as well-known among 
European participants. Its limited cultural relevance meant it did not provide 
WKH�IDPLOLDU�PQHPRQLF�VFDROG�QHHGHG�IRU�HHFWLYH�UHFDOO�DFURVV�D�ZLGHU�
audience, especially in Europe. 

The melody was changed to a universally recognized tune—Twinkle 
Twinkle Little Star/ABCD. This melody is known across cultures and already 
associated with multiple sets of lyrics (both the "Twinkle Twinkle" song 
and the alphabet song, ABCD). The advantage of this melody was that it 
allowed participants to easily remember the tune without needing additional 
FRJQLWLYH�HRUW��HQDEOLQJ�WKHP�WR�IRFXV�RQ�WKH�QHZ�QDYLJDWLRQDO�O\ULFV��

Additionally, using a well-known melody meant that participants would not 
need to learn anything new; they could simply focus on the lyrics.

7KH�V\VWHP�FRQVLVWV�RI�WZR�QDYLJDWLRQDO�HOHPHQWV�IRU�PHPRUL]DWLRQ�

7ZR�YHUVLRQV�ZHUH�GHYHORSHG�RI�WKH�YHUEDO�QDYLJDWLRQDO�DLG�IRU�HDFK�URXWH�

Figure 50. Iteration on the musical mnemonic aid. 

Figure 51. Navigation aid.

Figure 52. Versions of the musical mnemonic aid for navigation

"Barney". Even after years of not listening to it, both the melody and lyrics still 
remained in my memory.

+RZHYHU��LW�ZDV�VRRQ�UHDOL]HG�WKDW�WKLV�DSSURDFK�UHTXLUHG�WRR�PXFK�FRJQLWLYH�
HRUW��DV�SDUWLFLSDQWV�ZRXOG
YH�KDG�WR�UHPHPEHU�ORQJ��GHWDLOHG�QDUUDWLYHV�IRU�
just one route. �7KH�ȴUVW�LV�DQ allocentric 

UHSUHVHQWDWLRQ��D�PDS��that 
VKRZV�HJRFHQWULF�YLHZV�RI�VSHFLȴF�
landmarks where navigational 
decisions need to be made.

The second element are the�VWHSV��
or navigational instructions 
for the decisions that need to be 
WDNHQ�DW�WKDW�VSHFLȴF�ODQGPDUN��
They follow the same order and 
depending on the version in which 
they are presented have a rhyming 
lyrical structure.

9HUVLRQ����ZLWK�0XVLFDO�0QHPRQLF�
$LG�� This version includes an 
abstract version of the verbal 
directions accompanied by a musical 
mnemonic. The melody helps 
to reinforce recall by integrating 
key actions and landmarks into 
the rhythm or lyrics of the song. 
Participants listen to the song as 
they navigate, which is designed 
to support memory retention by 
providing cues through auditory 
stimuli.

9HUVLRQ����ZLWKRXW�00$�� This 
version presents the same route 
instructions purely in textual form, 
without any accompanying music. 
Participants must rely on written 
directions and visual representations 
of the route, which is the traditional 
approach to navigation.Both versions provide information such as street 

names, landmarks, and turn-by-turn instructions, 
with one incorporating a musical element to see 
whether it enhances memory.
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In order to test if the proposed concept could have a positive impact, an 
H[SHULPHQW�ZDV�GRQH�WR�HYDOXDWH�WKH�HHFW�RI�PQHPRQLF�DLGV�LQ�QDYLJDWLRQ��

)RU�WKLV��WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQ�ZDV�GHWHUPLQHG�

To systematically explore how musical mnemonics could aid navigation, a 
framework was developed that considers both retainability (the participant’s 
ability to remember decision points) and traceability (the participant’s ability 
to locate decision points in the environment). 

For retainability or saliency, factors such as the order of instructions, the 
medium (spoken, written, or auditory), and the type of visual representation 
were examined. For traceability, both egocentric and allocentric perspectives 
were considered, assessing how well participants could place landmarks on 
maps or recognize landmarks from descriptions.

%\�OLVWLQJ�WKH�GLHUHQW�SRVVLELOLWLHV�RI�YDULDEOHV�WKDW�FRXOG�EH�XVHIXO��
mediums, and objectives, this table outlines all potential ways to evaluate 
whether musical mnemonics could enhance spatial navigation. This 
exploration can be observed in Figure 54. 

*Further in this project traceability is also referred to as landmark saliency. 

b. Testing mnemonics for 
navigation 

*

Figure 53. Research question for the experiment.

Exploring the possibilities of testing musical 
mnemonics for navigation

Figure 54. Activity & Objective exploration for the experiment on navigation aided by mnemonics. 
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Evaluation material: Virtual environment (the 
routes)

Evaluation material: Subjective perception

ΖQ�RUGHU�WR�WHVW�WKH�HHFW�RI�WKH�PQHPRQLF�DLG�LQ�D�FRQWUROOHG�HQYLURQPHQW��
a virtual environment that simulates real-world routes being cycled was 
FUHDWHG��7KH�YLUWXDO�HQYLURQPHQW�RHUV�WZR�GLHUHQW�URXWHV�WKDW�SDUWLFLSDQWV�
must complete using the provided navigational aids. This immersive 
H[SHULHQFH�DOORZV�WR�PHDVXUH�KRZ�HHFWLYHO\�SDUWLFLSDQWV�FDQ�IROORZ�
instructions in a controlled but realistic setting. Ideally a 3D virtual reality 
environment would have been created, but in the time and scope allocated 
for this project, it was adapted using a recording of a journey on the bike.

$Q�RYHUYLHZ�RI�D�URXWH�GLVWULEXWLRQ�LV�LOOXVWUDWHG�LQ�ȴJXUH����

Both routes were recorded in residential areas of non popular 
neighbourhoods to avoid having a bias in participants because they already 
knew the area. The map representation was tampered in the non transited 
area so that it would be even less recognisable, by adding large park areas 
that don't really exist. But the video recording wasn't tampered, so all the 
navigation decisions correspond with the map representation.

For both routes a total of 6 landmarks needed to be remembered but in 
reality, up to 15 decisions need to be made in order to reach the correct 
landmarks. Each of these decisions has to be made when an alternative 
street is available on the map. If the participant would take the wrong 
decision, that is immediately perceived as the virtual environment only 
shows the correct path taken. Adding the alternative routes would have been 
ideal to notice "when does the participant realise they made a navigational 
mistake?". Nonetheless, this is out of the scope of the current experiment 
DQG�ZRXOG�KDYH�UHTXLUHG�JUHDWHU�WLPH�WR�GHYHORS�

$IWHU�FRPSOHWLQJ�WKH�URXWHV��SDUWLFLSDQWV�DUH�DVNHG�WR�ȴOO�RXW�HYDOXDWLRQ�
materials designed to measure their memory performance.

7KLV�HYDOXDWLRQ�IRFXVHV�RQ�WZR�PDLQ�RXWFRPHV��UHWDLQDELOLW\��WKH�DELOLW\�WR�
remember key decision points along the route) and saliency (the ability to 
recognize and act upon landmarks and cues in the virtual environment).

7KH�SDUWLFLSDQW�KDV�WR�ȴOO�D�IRUP�
for each route. These materials 
DVVHVV�

6XEMHFWLYH�HYDOXDWLRQ��
Participants rate their 
experiences using a Likert scale, 
DQVZHULQJ�TXHVWLRQV�DERXW�KRZ�
well they trusted the system, 
felt independent from it, and 
whether they were reassured 
that they were following the 
correct route.

What participants 
UHPHPEHUHG�PRVW��Categories 
include visual representation, 
RUGHU�LQ�WKH�VHTXHQFH��O\ULFV�
(for the MA version) or words, 
street names, and melody.

Figure 55. Overview of a route visual representation and it's virtual test environment.

Figure 56. Subjective evaluation form
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c. Pilot + Iteration 

Pilot

A pilot study tested the use of the 
melody "Twinkle Twinkle Little Star/
ABCD" with shorter, rhyming verses 
to aid a DTD participant's navigation. 
The verses referenced key landmarks 
or decision points and aimed to be 
concise and memorable, utilizing the 
familiar melody to help chunk the 
navigational steps. 

This approach proved particularly useful in environments that lacked distinct 
visual landmarks. Although the participant still made errors, they found 
the mnemonic aid surprisingly helpful in anticipating decisions based on 
the melody. However, feedback highlighted that the test routes were too 
PHPRUDEOH�GXH�WR�XQLTXH�ODQGPDUNV�OLNH�ZLQGPLOOV�DQG�FRORUIXO�VWDWXHV��7R�
better challenge the participant, the routes were revised to include more 
typical, less memorable residential streets. The lyrics were also adapted to 
include creative and humorous elements, helping participants recall steps in 
otherwise mundane environments.

ΖQ�VXPPDU\��WKH�ȴQDO�SURWRW\SH�SURYLGHG�DQ�HHFWLYH�EDODQFH�EHWZHHQ�
memorability and usability, leveraging a familiar melody and creative lyrics to 
improve navigational performance for individuals with low spatial orientation 
skills.

• The MMA version integrates�VKRUW��UK\PLQJ�YHUVHV�ZLWK�D�XQLYHUVDOO\�
UHFRJQL]HG�PHORG\ȃ7ZLQNOH�7ZLQNOH�/LWWOH�6WDU�$%&'—to enhance 
memory recall. 

• The non MMA version shows the�VWHSV�WR�WDNH�MXVW�DV�FRPPRQO\�XVHG�
navigational aid like "Google Maps" would show them.

If the participants manage to still remember well enough the route, it might 
EH�EHFDXVH�WKH�PQHPRQLF�DLG�GRHVQ
W�KDYH�D�VLJQLȴFDQW�HHFW�LQ�LPSURYLQJ�
the retainability and traceability of routes such as this one. Also, since 
already a more descriptive visual description of the landmark is given, thanks 
to its graphic representation of an eye level view, it is also possible that just 
WKDW�LQWHUYHQWLRQ�LV�DOUHDG\�HQRXJK�WR�HHFWLYHO\�WUDQVODWH�DQ�DOORFHQWULF�PDS�
view to the egocentric decisions that need to be made while navigating.

d. Final Prototype

Figure 58. Changes to the prototype after pilot testing.

)LJXUH�����)LQDO�SURWRW\SH�RI�WKH�PQHPRQLF�DLG�IRU�QDYLJDWLRQ�

)LJXUH�����3LORW�WHVW

Prototyping - Key Insight:

• After pilot testing, it was evident that simple, rhyming and unexpected 
lyric choices worked better for users. As a result, the routes were 
DGMXVWHG�WR�UHȵHFW�PRUH�UHDOLVWLF��HYHU\GD\�VWUHHW�HQYLURQPHQWV��
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5.1 Experiment Set Up

5.2 Results

5.3 Discussion of Results

5.4 Conclusions on the experiment

5.5 Design Implications

a. Method

b. Materials

c. Hypothesis

5. Deliver: 5. Deliver: 
0ǘùŦǀùƸōżű0ǘùŦǀùƸōżű

5.1 Experiment Set Up

7KH�H[SHULPHQW�FRPSDUHV�WZR�YHUVLRQV�RI�QDYLJDWLRQDO�DLGV�

���9HUVLRQ����ZLWK�00$���one incorporating a musical mnemonic aid (MMA) 
to the visual system and includes directions accompanied by a musical 
mnemonic. The melody is linked with key actions and landmarks, designed to 
chunk information and reinforce memory through auditory cues.

���9HUVLRQ����QR�00$���This version presents the same navigational steps in 
written format, without any musical accompaniment, relying solely on textual 
and visual cues.

The core objective is to determine if adding a musical stimulus enhances 
participants' ability to remember and follow the given navigational 
instructions. Participants were shown the route on a virtual map and guided 
through a simulated environment. The virtual environment served as a testing 
ground to immerse the participants and simulate real-life navigation scenarios.

$V�VHHQ�LQ�WKH�GLDJUDP�RI�ȴJXUH�����SDUWLFLSDQWV�ZHUH�DOORFDWHG�D�YHUVLRQ�RI�WKH�
experiment to achieve a within subjects approach (AB, CD). Each participant 
does the two versions of the prototype, one without a MMA and the other with 
a MMA. Half of the group does route 1 with MA and the other route 2 with MA.

• *URXS�$&�%'�JHWV�ȴUVW�URXWH���ZLWKRXW�00$�DQG�WKHQ�GRHV�URXWH���ZLWK�00$�
• *URXS�$'�%&�JHWV�ȴUVW�URXWH���ZLWKRXW�00$�DQG�WKHQ�GRHV�URXWH���ZLWK�00$�
• *URXS�%&�$'�JHWV�ȴUVW�URXWH���ZLWK�00$�DQG�WKHQ�GRHV�URXWH���ZLWKRXW�00$�
• *URXS�%'�$&�JHWV�ȴUVW�URXWH���ZLWK�00$�DQG�WKHQ�GRHV�URXWH���ZLWKRXW�00$

a. Method

Control group & randomization

Figure 60. Distribution of participants .
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Target group & Recruitment process:

Possible limitations of this approach that were 
taken into consideration:

Both the target sample of participants and the recruitment process were the 
VDPH�DV�WKH�ȴUVW�SKDVH�RI�WKLV�SURMHFW�

7KH�WDUJHW�JURXS�FRQVLVWHG�LQ����SDUWLFLSDQWV�ZKLFK�DUH�
• TU Delft students or recent graduates
• Between 20-30 y.o.
• 7KDW�VHOI�LGHQWLȴHG�DV�KDYLQJ�ZHDN�QDYLJDWLRQDO�VNLOOV�
• 7KDW�IXOȴO�WKH�VHOHFWLRQ�FULWHULD�VHW�E\�%XUOHV�	�ΖDULD���������YLD�D�VFUHHQHU�

previously explained in section 2 of this report.

Choosing a within subjects approach instead of a between groups one, 
DOORZHG�WR�GUDZ�VLJQLȴFDQW�FRQFOXVLRQV�ZLWK�OHVV�SDUWLFLSDQWV�DQG�OHVV�ULVN�RI�
FRQIRXQGLQJ�YDULDEOHV�WR�DHFW�WKH�VWXG\��1RQHWKHOHVV��XVLQJ�WKLV�DSSURDFK�
also has the following limitations.

• 0HPRU\�2YHUORDG�DQG�&RPSOH[LW\��Participants need to remember 
two distinct routes, which can cause cognitive overload and memory 
interference, leading to confusion between the two sets of instructions. 
This may make it harder for participants to accurately recall each route's 
directions.

• &DUU\�2YHU�(HFWV��&RPSOHWLQJ�RQH�URXWH�PD\�LQȵXHQFH�KRZ�
participants perform on the second route. For example, strategies 
RU�ODQGPDUNV�UHPHPEHUHG�IURP�WKH�ȴUVW�URXWH�PD\�FDUU\�RYHU�WR�
WKH�VHFRQG��DHFWLQJ�WKH�DELOLW\�WR�PHDVXUH�WKH�XQLTXH�LPSDFW�RI�WKH�
mnemonic aid.

• Fatigue: Navigating two routes back-to-back could cause participants 
to become fatigued, which can reduce their engagement and cognitive 
performance. Fatigue may result in poorer performance on the second 
URXWH��PDNLQJ�LW�KDUGHU�WR�DVVHVV�WKH�WUXH�HHFW�RI�WKH�PQHPRQLF�DLG�

• No Forward and Backward Testing with MMA: The study does not test 
participants on the same route both forward and backward using the 
mnemonic aid. This limits the ability to assess whether the mnemonic 
DLG�LV�HHFWLYH�IRU�ERWK�IRUZDUG�QDYLJDWLRQ�DQG�UHWUDFLQJ�VWHSV��ZKLFK�LV�
common in real-world navigation. 

7KH�HHFW�RI�WKHVH�OLPLWDWLRQV�LV�VHYHUHO\�UHGXFHG�E\�WKH�UDQGRPL]DWLRQ�
RI�ZKLFK�YHUVLRQ�WKH�SDUWLFLSDQWV�SHUIRUPV�ȴUVW�DQG�DGGLQJ�DQ�DGGLWLRQDO�
control route as part of the test.

$V�LOOXVWUDWHG�LQ�ȴJXUH�����WKH�PDWHULDOV�XVHG�IRU�WKH�H[SHULPHQW�DUH�
VWUXFWXUHG�DURXQG�WZR�NH\�FRPSRQHQWV��WKH�SURWRW\SH�RI�QDYLJDWLRQDO�DLGV�
and the evaluation materials, designed to asses how participants retain and 
trace navigational instructions. 

Based on the observations of the pilot test, the following are the expected 
UHVXOWV�WR�FRPH�RXW�RI�WKLV�H[SHULPHQW� 

• In the versions without MMA there will be more errors and more time 
spent per landmark.

• MMA Lyrics will help the participant "guess" better what the next 
landmark can be.

• Even if the MMA helps, participants will rely more on the visual 
representation of the landmark than the mnemonic.

• Participants might be sceptical about remembering the directions with 
"twinkle twinkle".

• Street names will be ignored (because you can't see them in the video).
• 7KH�WLPH�VSHQW�UHPHPEHULQJ�ZLOO�HTXDO�WKH�OHYHO�RI�GLɝFXOW\�SHUFHLYHG�
• The system will not be perceived as trustworthy because it doesn't 

correct your mistakes.
• The user will not want to spend additional time learning the song, so 

having the option to "listen as you go" adapted to a rhythm/music genre 
they like will be more useful than a children's song.

b. Materials

c. Hypothesis 

Figure 61. Created materials for this experiment. 
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5.2 Results

1 3 5 6 7 10 11 12

b

bb

b

b

ConȴGHQFHb
level

1DYLJDWLRQb
mistakes

1

0

2

3

4

Route 1: Regentesse

Remarks & Quotes per step

3DUWLFLSDQWV�IRFXVHGb
PDLQO\�RQ�WKH�VL]H�RIb
WKH�VWUHHW�WR�GHFLGHb
not to turn here.

�:DLWLQJ�IRU�WKHb
boulevard"

7KH�VL]H�RI�WKH�VWUHHW�DQGb
WKH�DOLJQPHQW�RI�WKH�WUHHVb
ZHUH�WKH�PDLQ�LQGLFDWRUV�b
(YHQ�WKRXJK�WKH\b
UHPHPEHU�WKH�ZRUGb
�NLQJ��IURP�WKH�VRQJb
YHUVH��WKH�NLQJ�LV�DOZD\Vb
ULJKW���WKH\�GLGQ
Wb
DVVRFLDWH�LW�ZLWKb
�5HJHQWHVVHODDQ���ZKLFKb
caused errors.

7KH�YLVXDO�UHSUHVHQWDWLRQb
DQG�WKH�VRQJ�YHUVH�ZULWWHQb
LQVWUXFWLRQV�ZHUH�YHU\b
PHPRUDEOH���2EHOLVN��LV�QRWb
D�FRPPRQO\�XVHG�ZRUG�VR�LWb
LPSURYHG�WKH�VDOLHQF\�RIb
the landmark.

�.LQJ�GRHVQ
W�VD\b
anything to me"
�Ζ�IHHO�OLNH�WKLV�LV�WKHb
VWUHHW�EHFDVXH�WKHUHb
are trees"

�5RXQGDERXW�ZLWKb
REHOLVN��DOWKRXJK�WKLVb
URXQGDERXW�LV�QRW�DQb
actual circle"

�ΖW�GRHV�KHOS�WKDW�LW�VDLGb
�QG�WXUQ�EHFDXVH�Ζb
ZRXOG�KDYH�JRQHb
straight"

7KH�SUHYLRXV�VWHS�DQG�WKLVb
RQH�DUH�VHHQ�DV�RQH�DFWLRQ�b
0LVWDNHV�ZHUH�PDGH�LQ�WKHb
VWHS�EHIRUH�RQO\�EHFDXVH�LW�LVb
PRUH�RI�D�VTXDUH�WKDQ�Db
URXQGDERXW�VR�WKHb
GLPHQVLRQV�VHHPHG�OLNHb
taking the ȴUVW�H[LW�ZDV�JRLQJb
straight.

�Ζ�GRQW�VHH�DQ\WKLQJ�VRb
still straight"

�7KHUH�ZDV�ZDWHU�RQ�WKHb
PDS��VR�JR�VWUDLJKW�XQWLOb
the water"

0RVW�SDUWLFLSDQWV�UHPHPEHUHGb
WR�NHHS�JRLQJ�VWUDLJKW�XQWLO�WKH\b
VHH�WKH�QH[W�ODQGPDUN��2QHb
PLVWDNH�ZDV�PDGH�EHFDXVH�WKHb
SHUVRQ�FRPSOHWHO\�IRUJRW�ZKDWb
was after the roundabout.

6DPH�DV�ODVW�VWHS��1R�PLVWDNHVb
were made.

+HUH�VRPH�SDUWLFLSDQWVb
FRXOG�DOUHDG\�VHH�D�EULGJHb
RU�WKH�VWRSOLJKW��ZKLFK�ZDVb
PHQWLRQHG�LQ�WKH�ZULWWHQb
LQVWUXFWLRQV���7KH\�PRVWO\b
DQWLFLSDWHG�WXUQLQJ�OHIW�EXWb
VWLOO�ZHUH�ZDLWLQJ�WRb
HQFRXQWHU�WKH�VPDOO�VWDWXHb
of a woman.

%HFDXVH�WKH�VWDWXH�ZDV�DW�WKHb
RWKHU�VLGH�RI�WKH�VWUHHW�DQG�LWb
ZDV�VPDOO�LQ�VL]H�IURP�WKH�SRLQWb
RI�YLHZ�LQ�ZKLFK�WKH�GHFLVLRQ�WRb
WXUQ�OHIW��PRVW�SDUWLFLSDQWVb
H[FHSW�IRU���GLGQ
W�VHH�LW��7KLVb
FDXVHG�D�ORW�RI�FRQIXVLRQ�DQGb
SDUWLFLSDQWV�H[SUHVVHG�WKDW�LWb
aHFWHG�WKHLU�UHPHPEHUHGb
RUGHU��7KH�VXQJ�LQVWUXFWLRQVb
ZHUH�UHPHPEHUHG�ZHOO�EHFDXVHb
"stone woman" was mentioned.

�+HUH�LW�VD\V�ODDQ�YDQb
PHHUGHUYRRUW��Ζ�GRQW�VHHb
the statue"

7KH�YLVXDO�UHSUHVHQWDWLRQ�RIb
WKH�KRXVH�ZDV�YHU\�VLPLODU�WRb
LWV�UHDO�YHUVLRQ��7KLV�ZDV�Db
JRRG�ODQGPDUN�FKRLFHb
EHFDXVH�LW�LV�D�ELJ��VWDQGb
DORQH�REMHFW�WKDW�FRQWUDVWVb
ZLWK�LWV�LPPHGLDWHb
HQYLURQPHQW��3DUWLFLSDQWVb
DOVR�UHPHPEHUHG�ZHOO�WKHb
sung instructions.

�6WRQH�ZRPDQ�VKRXOG�EHb
EHIRUH�WKLV�EXW�PD\EH�Ζb
missed it"
�7KH�IDQF\�KRXVH�ORRNVb
OLNH�WKH�LPDJH�VR�QRZ�Db
slight right"

%HFDXVH�WKH�ODVW�VWHS�ZDV�YHU\b
PHPRUDEOH��LW�PLJKW�KDYHb
RYHUVKDGRZHG�WKLV�QH[W�VWHS�b
0RVW�SDUWLFLSDQWVb
UHPHPEHUHG�WKDW�WKH\�QHHGHGb
WR�JR�OHIW�DW�WKH�EURZQ�KRXVH�b
EXW�HLWKHU����WKH�YLVXDOb
UHSUHVHQWDWLRQ�ZDV�QRW�FOHDUb
HQRXJK�RU����WKHUH�DUH�PDQ\b
VLPLODU�UHG�EULFN�KRXVHV�ZKLFKb
makes it not distinguishable.

�7KHUH�DUH�D�ORW�RI�UHGb
houses"
"Was it the ȴUVW�RQH"�ΖPb
just guessing now"

$IWHU�WKH�VKRFN�RI�WKH�ODVWb
VWHS�PRVW�SDUWLFLSDQWV�WRRNb
reȵHFWHG�RQ�WKH�IDFW�WKDW�UHGb
KRXVH�ODQGPDUN�ZDV�QRW�VRb
HDUO\��6RPH�VWDUWHG�WKLQNLQJb
RI�WKH�PDS�DQG�UHFDOOHG�WKDWb
LW�ZDV�FRQWLQXLQJ�VWUDLJKWb
XQWLO�LW�ZDV�QRW�SRVVLEOHb
DQ\PRUH�EHFDXVH�RI�WKHb
landmark.

�Ζ�ORVW�RQH�LPDJH�RI�ZKDWb
Ζ
P�ORRNLQJ�IRU�DQG�WKHQb
the rest is gone"
"Another brown house"
�2QH�RI�WKH�VWHSV�VDLGb
until you can't anymore"

6LQFH�LW�LV�WKH�VDPH�DFWLRQb
DV�WKH�SUHYLRXV�VWHS��DQGb
FRXOG�DOVR�VHH�WKH�7b
LQWHUVHFWLRQ�DW�WKH�HQG�RIb
WKH�URDG�WKHQ�WKH\�ZHUHb
more conȴGHQW�RQb
FRQWLQXLQJ�VWUDLJKW��6WLOO��b
SDUWLFLSDQWV�PDGH�D�PLVWDNHb
EHFDXVH�WKHUH�ZHUH�VWLOO�Db
ORW�RI�UHG�KRXVHV�DURXQGb
WKDW�ORRNHG�OLNH�WKH�RQH�RIb
the visual representation.

�7KLV�ORRNV�OLNH�WKHb
brown house"
�*R�VWUDLJKW�XQWLO�\RXb
can't no more"

$V�WKH�ODQGPDUN�EHIRUH�WKHb
ODVW�LW�LV�H[SHFWHG�WKDWb
SDUWLFLSDQWV�ZRXOG�JHWb
FRQIXVHG�RQ�WKH�GLUHFWLRQ�WRb
FKRRVH��6RPH�SDUWLFLSDQWVb
PHQWLRQHG�UHPHPEHULQJb
WKH�PDS�WR�PDNH�WKHb
GHFLVLRQ�UDWKHU�WKDQ�WKHb
LQVWUXFWLRQV��JRLQJ�ULJKWb
ZRXOG�PHDQ�JRLQJ�EDFN�WRb
the area full of water).

�Ζ�UHPHPEHU�WKHVHb
KRXVHV�EXW�Ζ�DQWLFLSDWHGb
them dierently"
�&DQ
W�JR�VWUDLJKW�b
should not go right"

6RPH�SDUWLFLSDQWV�KDG�IXOO\b
IRUJRWWHQ�WKH�ODVW�VWHS��SUREDEO\b
EHFDXVH�WKHUH�ZDV�D�DOUHDG\�Db
VWRSOLJKW�LQ�WKH�ZD\�RQ�VWHS�����%XWb
VWLOO�PRVW�PDQDJHG�WR�PDNH�WKHb
FRUUHFW�GHFLVLRQ��ΖW�ZDV�PHQWLRQHGb
WKDW�EHFDXVH�FURVVLQJ�WKH�VWUHHWb
seemed like a more diɝFXOW�DFWLRQb
WKHQ�WKH\�ZRXOG�KDYH�SUREDEO\b
UHPHPEHUHG�LW�VR�ULJKW�LV�WKH�SDWKb
RI�OHDVW�UHVLVWDQFH��7KH�FKRLFH�RIb
wording traɝF�OLJKW�YV�VWRS�OLJKWVb
is interesting.

�Ζ�KRQHVWO\�WKRXJKW�Ζ�ZDVb
GRQH��Ζ�GRQ
W�UHPHPEHU�WKLVb
street"
"What was it at the traɝFb
lights?"

Navigation error distribution

:ULWWHQb
instruction

Sang
instruction

1 2 (right) 3 4 (straight) 5 6 7 8 (left) 9 (right) 10 13 (left) 14 (right)11 12

�Ζ�WKLQN�VWLOO�VWUDLJKWb
because of the traɝFb
lights at the end"

Observation

&RPPHQWVb
IURPb
participants

Timeline of navigation

'XUDWLRQ�b5 minutes
7RWDO�GHFLVLRQ�SRLQWV�b����ZLWK���NH\�VWHSV��LQVWUXFWLRQV��WKDW�UHTXLUHG�UHPHPEHULQJ�GXHb
to a change in direction or obstacle.
2YHUDOO�SHUIRUPDQFH�b
���RXW�RI�����SRVVLEOH�HUURUV��3DUWLFLSDQWV�PDGH�DQ�DYHUDJH�RI������HUURUV�ZLWK�Db
deviation of 0.84. This is fewer than expected.
7KH�FRPELQDWLRQ�RI�WKLV�URXWH�EHLQJ�LQVWUXFWHG�ZLWKRXW�WKH�00$�DQG�KDYLQJ�GRQH�LW�DVb
the second route in the experiment resulted in no errors made.
Most salient landmarks:

Roundabout (Step 4):�+LJKO\�FRQWUDVWLQJ�ZLWK�LWV�HQYLURQPHQW��PDNLQJ�LWb
memorable.
:KLWH�+RXVH��6WHS����bA distinct object that also stood out visually.

Main insights:
Musical Mnemonic Aid (MMA): Participants with the song- EDVHG�QDYLJDWLRQ�DLGb
PDGH�IHZHU�PLVWDNHV�RQ�WKH�LQVWUXFWHG�VWHSV��EXW�PDGH�PRUH�HUURUV�DW�RWKHU�WKHb
other non- instructed decision points.
Overshadowing Eect��ΖQ�FDVHV�OLNH�WKH�:KLWH�+RXVH��SDUWLFLSDQWV�RIWHQ�IRUJRWb
what followed immediately after a highly salient landmark.
&UHDWLRQ�RI�D�PHQWDO�PDS�b3DUWLFLSDQWV�VHHPHG�WR�UHPHPEHU�ZHOO�WKH�JHQHUDOb
URXWH�RQ�WKH�PDS�DQG�WKDW�JDYH�WKHP�WKH�WRRO�WR��JXHVV��ZKHUH�WKH\�QHHGHG�WR�JR�LIb
WKH\�GLGQ
W�UHPHPEHU�WKH�LQVWUXFWLRQ��7KLV�LQGLFDWHV�D�QRWLRQ�RI�HJRFHQWULFb
orientation that was not expected in the design of this experiment.

In this preliminary results 
section, the analysis is structured 
to provide a clear and detailed 
breakdown of participant 
performance and navigation 
behavior across various decision 
points in the routes. Each route 
is discussed with attention to 
both the navigational errors 
made and the elements that 
contributed to successful 
decision-making.

7KH�ȴUVW�VHFWLRQ�KLJKOLJKWV�WKH�
key insights from each decision 
point, supported by participant 
remarks and observations. 

Following this, a detailed timeline 
of navigation provides context 
RQ�WKH�VHTXHQFH�RI�DFWLRQV�
participants took, focusing on 
performance at each critical 
step. In this way, the results 
outline both the successes 
and challenges in navigational 
aids, such as the use of Musical 
Mnemonic Aids (MMAs), and 
how elements like landmarks, 
song verses, and visual cues 
LQȵXHQFHG�WKH�RYHUDOO�QDYLJDWLRQ�
experience.

Finally there is a description of 
the observations/comments 
made by the participants 
on each step adding to the 
TXDOLWDWLYH�YDOXH�RI�WKLV�
experimental approach.  

Figure 62. Results of route 1.
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Route 2: Frederik

Remarks & Quotes per step

Navigation error distribution

:ULWWHQb
instruction

Sang
instruction

1 2 3 4 (left) 5 (right) 6 (left) 7 8 (right) 9 10 13 (straight) 1411 12

Observation

&RPPHQWVb
IURPb
participants

Timeline of navigation

1 7 10 11 122 3 149

ConȴGHQFHb
level

1DYLJDWLRQb
mistakes

1

0

2

3

4

b b b

b

b

5

'XUDWLRQ�b5 minutes
7RWDO�GHFLVLRQ�SRLQWV�b����ZLWK���NH\�VWHSV��LQVWUXFWLRQV��WKDW�UHTXLUHG�UHPHPEHULQJ�GXH�WR�D�FKDQJH�LQb
direction or obstacle.
Overall performance:
���RXW�RI�����SRVVLEOH�HUURUV��ZLWK�DQ�DYHUDJH�RI������HUURUV�SHU�SHUVRQ�DQG�D�GHYLDWLRQ�RI�������7KLV�LVb
fewer than anticipated, showing that participants generally performed well.
Most salient landmarks:

ΖFH�FUHDP�VKRS��6WHS����b7KH�PRVW�PHPRUDEOH�GXH�WR�LWV�DVVRFLDWLRQ�ZLWK�D�IDPLOLDU�DQG�HQMR\DEOHb
concept (eating an ice cream) and its strong contrast with the surrounding environment.
7UDVK�ELQV��6WHSV���DQG����b7KH�WUDVK�ELQV�ZHUH�UHFDOOHG�DV�RQH�GHFLVLRQ�SRLQW�E\�SDUWLFLSDQWV�GXHb
to the repetition in the object but noting the dierence in color and navigation direction.

Main insights:
8VH�RI�HJRFHQWULF�QDYLJDWLRQ�b$V�VHHQ�LQ�5RXWH����VRPH�SDUWLFLSDQWV�UHOLHG�RQ�D�JHQHUDO�VHQVH�RIb
WKH�URXWH�DQG�PDS��ZKLFK�ZDV�QRW�DQWLFLSDWHG�LQ�WKH�H[SHULPHQW�GHVLJQ��7KLV�DOORZHG�WKHP�WRb
make educated guesses about their next move, even when they didn’t remember speciȴFb
instructions.
+LJK�UHOLDQFH�LQ�RUGHU�bΖQ�WKH�HDUO\�VWHSV��6WHSV���DQG�����D�VPDOO�QXPEHU�RI�HUURUV�ZHUH�PDGH�GXHb
to participants not correctly remembering when the ȴUVW�ODQGPDUN�ZRXOG�DSSHDU��ZKLFK�ZRXOGb
distract them from the order they were remembering and therefore forgetting the next steps.
0XVLFDO�0QHPRQLF�$LG�b7KH�SUHVHQFH�RI�WKH�00$�ZDV�YHU\�LPSDFWIXO�RQ�UHGXFLQJ�PLVWDNHV�DW�WKHb
last step because the sang instructions warned speciȴcally about not taking the ȴUVW�VOLJKW�ULJKW�b
1RQHWKHOHVV�WKH�VDPH�DPRXQW�RI�PLVWDNHV�ZHUH�PDGH�LQ�WKH�ODVW�VWHS�HYHQ�ZLWK�WKH�00$�EHFDXVHb
they were focusing on the landmark of the park that was only mentioned in the sung instructions.

15 (right)

The ȴUVW�GHFLVLRQ�SRLQWb
ZDV�DIWHU���VWHSV�ZKLFK�LVb
ZK\�FRQWLQXLQJ�VWUDLJKWb
ZDV�HDV\�WR�UHPHPEHU�IRUb
most participants.
7KH�RQO\�HUURU�RFFXUUHGb
EHFDXVH�RQH�SDUWLFLSDQWb
IRFXVHG�WRR�PXFK�RQb
OHDUQLQJ�WKH�LQVWUXFWLRQVb
DQG�GLGQȇW�VSHQG�HQRXJKb
WLPH�UHYLHZLQJ�WKH�PDS�b
OHDGLQJ�WR�XQFHUWDLQW\b
DERXW�KRZ�PDQ\�VWUHHWVb
to pass before the ȴUVWb
ODQGPDUN�b

�QR�KRXVH�\HW�VRb
continue straight"

7KH�SUHVHQFH�RI��RWKHU�b
WUDVK�ELQV�RQ�WKH�VLGH�RIb
WKH�VWUHHW�DGGHG�VRPHb
FRQIXVLRQ��EXWb
SDUWLFLSDQWV�ZKRb
UHPHPEHUHG�WKH�RUGHU�RIb
WKH�ODQGPDUNV�NQHZ�WKLVb
ZDVQȇW�WKH�FRUUHFW�VWHS�IRUb
a turn.

�Ζ�DOUHDG\�ZHQW�SDVWb
VRPH�ELQV�VR�WKDW�LVb
FRQIXVLQJ�EHFDXVH�LWb
is not yet"
�DUH�WKRVH�WKH�ELQV�Ζb
need?"

ΖQ�WKLV�GHFLVLRQ�SRLQW�WKHb
ODQGPDUN�EHFRPHV�YLVLEOHb
DW�WKH�HQG�RI�WKH�VWUHHW�VRb
LW�LV�HDVLHU�WR�DQWLFLSDWH�b
2QH�PLVWDNH�ZDV�PDGHb
EHFDXVH�VHHLQJ�WKHb
ODQGPDUN��HYHQ�IURP�IDU�b
SURPSWHG�WKH�XVHU�WRb
DOUHDG\�WXUQ��7KH�RWKHUb
PLVWDNH�ZDV�PDGH�IURPb
WKH�VDPH�SDUWLFLSDQW�ZKRb
PDGH�WKH�PLVWDNH�RQ�WKHb
step before.

�LW�LV�WKDW�EXLOGLQJb
DIWHU�WKH�FDU�EXW�LW�LVb
still far"
�WU\LQJ�WR�UHPHPEHUb
the building I saw"

$OO�SDUWLFLSDQWV�WRRN�WKHb
FRUUHFW�GHFLVLRQ�DQG�WXUQ�OHIWb
DW�WKH�7�MXQFWLRQ��$�IHZ�VDLGb
WKDW�WKH\�UHFRJQL]HG�WKHb
EXLOGLQJ��EXW�PRVW�GHFLVLRQVb
ZHUH�WDNHQ�EHFDXVH�RI�WKHb
JHQHUDO�GLUHFWLRQ�RI�WKH�URXWH�b
+HUH�WKH�6WUHHW�1DPH�ZDVb
YLVLEOH�VR���SDUWLFLSDQWVb
LQGLFDWHG�WKH\�XVHG�LW�WRb
ORFDWH�WKHPVHOYHV�DQG���RIb
WKHP�VDLG�WKH\�UHPHPEHUHGb
the lyrics/written instructions.

�QRW�IURP�WKH�VRQJ�EXWb
from the map"
�WKLV�LV�WKH�EXLOGLQJ��7b
reference "until no more"

0RVW�SDUWLFLSDQWV�LQGLFDWHG�WKDW�WKH\�UHPHPEHUHGb
WKLV�VWHS�DQG�WKH�QH[W�RQH�DV�RQH��7KLV�EHFDXVH�WKHb
ODQGPDUN�LV�WKH�VDPH�REMHFW��WUDVK�ELQV��ZLWK�D�FOHDUb
diHUHQFH��RQH�KDV�FRORUV�DQG�WKH�RWKHU�GRHVQ
W�b
and opposite directions. The ȴUVW�ELQV�KDG�QRb
PLVWDNHV��QRQHWKHOHVV���SDUWLFLSDQWV�PDGH�Db
PLVWDNH�LQ�WKH�VHFRQG�VHW�RI�ELQV��2QH�PLVWDNH�ZDVb
PDGH�EHFDXVH�RQH�SDUWLFLSDQW�IRUJRW�WKHUH�ZHUH��b
VHWV�RI�ELQV�DQG�WKH�RWKHU�PLVWDNH�ZDV�EHFDXVH�WKHb
SDUWLFLSDQW�UHPHPEHUHG�PRUH�WKH�ZRUGV�WKDQ�WKHb
YLVXDO�RI�WKH�PDS��2QH�SDUWLFLSDQW�LJQRUHG�WKHb
ZULWWHQ�LQVWUXFWLRQV�DQG�GLGQ
W�NQRZ�WKH\�ZHUH�WUDVKb
ELQV�DQG�MXVW�UHIHUUHG�WR�WKLV�ODQGPDUN�DV�WKH��WKUHHb
small blocks with colors" and got both right.

�ELQV�ULJKW��ELQV�OHIW�b
alternating
�WKLV�LV�D�ELJ�VWUHHW�VRb
JLYHV�PRUH�WKH�YLEHb
where I need to move"

�Ζ�VHH�ERWK�ELQVb
decision as one"
�ELQV�ZLWK�QRb
color"
�Ζ�VHH�WKH�ELQV�b
GLG�Ζ�KDYH�WR�JRb
left or right?"

0RVW�SDUWLFLSDQWV�HDVLO\b
UHPHPEHUHG�WKH�LFHb
FUHDP�VWDWXH��OLNHO\b
EHFDXVH�LW�VWRRG�RXW�IURPb
WKH�HQYLURQPHQW�DQGb
WULJJHUHG�DVVRFLDWLRQV�ZLWKb
LFH�FUHDP��HQJDJLQJ�WKHLUb
PHPRU\�RI�DQ�HQMR\DEOHb
DFWLYLW\��+RZHYHU��WZRb
SDUWLFLSDQWV�PLVVHG�WKHb
VWDWXH�HQWLUHO\��IRFXVLQJ�RQb
WKH�VL]H�DQG�DSSHDUDQFH�RIb
the street instead.

7KLV�GHFLVLRQ�SRLQW�LVb
ZKHUH�WKH�URDG�LV�FXUYHGb
VR�LW�PDNHV�D�WXUQb
ZLWKRXW�D�GHFLVLRQb
QHHGLQJ�WR�EH�PDGH��%XWb
ULJKW�DIWHU�WKLV�WXUQ�WKHUHb
LV�D�SRVVLELOLW\�WR�JR�OHIW�b
ZKLFK�FDXVHG�RQHb
SDUWLFLSDQW�WR�IRUJHW�LIb
WKH\�KDG�DOUHDG\�WXUQHGb
OHIW�DQG�WKHUHIRUH�PDGHb
D�PLVWDNH��0RVWb
SDUWLFLSDQWV�ZHUH�DOUHDG\b
WKLQNLQJ�RI�WKH�IROORZLQJb
landmark.

�WKLV�ZDV�WKH�EHQGb
WKDW�ZDV�QRW�Db
decision point"
�Ζ�H[SHFW�WR�JR�OHIWb
without choosing"
�Ζ�GRQW�VHH�WKH�LFHb
FUHDP�VR�Ζ�MXVWb
continue straight"

>GRHV�QRW�VHH�LFHb
FUHDP@��ULJKW�DW�VRPHb
SRLQW��GR�Ζ�VHHb
Frederik?"
"ice cream right"
�VWUDLJKW�DW�WKH�LFHb
cream"

)RU�WKLV�DQG�WKH�IROORZLQJb
VWHSV�WKHUH�LV�RQH�VKDUHGb
LQVWUXFWLRQ�ZKLFK�LV�WRb
VWD\�VWUDLJKW�IRU���VWUHHWV�b
:KHQ�SKUDVHG�LQ�D�VXQJb
LQVWUXFWLRQ��)UHGHULN�LV�VRb
YHU\�ORQJ��WKH�VDOLHQF\b
ZDV�QRWHG��0RVWb
SDUWLFLSDQWV�PHQWLRQHGb
WKDW�WKH�VWUHHW�ZDV�ORQJb
HYHQ�LI�WKH\�GLGQ
Wb
UHPHPEHU�WKH�QDPH�RIb
the street.

�Ζ�UHPHPEHU�EOXHb
VLJQ�ZLWK�)�EXW�QRWb
the whole name"
�YHU\�ORQJ�ZD\��QRWb
remember the name"

�$OVR�QRW�D�GHFLVLRQb
LQ�WKH�PDS��DIWHU�LFHb
FUHDP�WKHUH�ZDVb
frederik is so long"
�Ζ�GR�VHH�D�ORQJb
VWUHHW�QDPH�EXWb
WKDW�LV�QRW�WKH�RQHb
ZH�ZHUH�WDONLQJb
about"

+HUH�SDUWLFLSDQWV�ZHUHb
more curious to ȴQG�WKHb
VLJQ�ZLWK�WKH�VWUHHWb
QDPH�LQ�WKH�YLUWXDOb
HQYLURQPHQW��%HFDXVHb
WKH�VLJQV�DUH�SODFHGb
SDUDOOHO�WR�WKH�SRLQW�RIb
YLHZ�RI�WKH�YLUWXDOb
HQYLURQPHQW�WKH\�RQO\b
KDG�D�VHFRQG�WR�ORRN�DW�LWb
VKDUSO\�ZKLFK�LV�WKHb
SDUWLFLSDQWV�GLG�QRW�VHHb
the street sign.

�Ζ
P�MXVW�FRQWLQXLQJb
VWUDLJKW�XQWLO�Ζb
UHFRJQL]H�VRPHWKLQJb
EHFDXVH�Ζ�GRQWb
know"
�Ζ�GRQCW�UHPHPEHU�b
"past 4 gets diɝcult"
�)HHOV�OLNH�ZH�DUHb
going in circles"

6RPH�SDUWLFLSDQWVb
H[SUHVVHG�WKDW�WKH\�ZHUHb
DOUHDG\�QRW�UHPHPEHULQJb
WKH�LQVWUXFWLRQV�RU�WKHb
VKDSH�RI�WKH�PDS�b
'HVSLWH�WKHVH�FRPPHQWV�b
QR�PLVWDNHV�ZHUH�PDGHb
and the conȴGHQFH�OHYHOb
was at its maximum.

ΖQ�WKLV�VWHS��SDUWLFLSDQWVb
XVHG�DQ�LQGLUHFW�ODQGPDUNb
�D�SDUN�YLVLEOH�RQ�WKH�PDSb
DQG�RQO\�PHQWLRQHG�LQ�WKHb
VXQJ�LQVWUXFWLRQV��DV�Db
UHIHUHQFH�SRLQW��0DQ\b
FRQWLQXHG�VWUDLJKW�XQWLOb
WKH\�VDZ�WKH�SDUN�b
VKRZLQJ�WKH\b
UHPHPEHUHG�WKH�VXQJb
LQVWUXFWLRQV��:KLOH�QRb
PLVWDNHV�ZHUH�PDGH�b
SDUWLFLSDQWV�ZHUH�OHVVb
conȴGHQW�FRPSDUHG�WR�WKHb
previous step.

+HUH�D�VRUW�RI�JUHHQb
DUHD�LV�YLVLEOH��ZKLFKb
VRPH�SDUWLFLSDQWVb
associated with a park.
7KH�VL]H�RI�WKH�URDG�DOVRb
ZDV�XVHG�DV�UHIHUHQFHb
WR�PDNH�WKH�GHFLVLRQ�b
VLQFH�WKH�LQVWUXFWLRQVb
VDLG��VOLJKW�ULJKW��WKLVb
IRXU�ZD\�FURVVLQJ�ZDVb
WRR�ELJ�WR�IROORZ�WKHb
instruction.

"Is this the park?"
Ζ�NQRZ�Ζ�KDYH�WRb
ORRN�IRU�WUHHV�EXWb
WKHUH�DUH�D�ORW�RIb
trees
�QRW�IXOO\�FOHDU�EXW�Ζb
UHPHPEHU�VOLJKWO\b
WR�WKH�ULJKW�VR�LW�LVb
not something big"

�Ζ�DOUHDG\�IRUJRW�ZKDWb
is after"
"still no park"

7KLV�VWHS�SURYHG�WR�EH�WKHb
PRVW�FKDOOHQJLQJ�GXH�WR�DQb
LQWHUVHFWLRQ�WKDW�PDWFKHGb
WKH�ODQGPDUN�GHVFULSWLRQ�b
except for a diHUHQFH�LQb
GLVWDQFH�IURP�WKH�SUHYLRXVb
step and a diHUHQW�EURZQb
EXLOGLQJ��)LYH�SDUWLFLSDQWVb
PDGH�PLVWDNHV�E\�WDNLQJ�Db
VOLJKW�ULJKW�WXUQ��EXW�WKRVHb
ZLWK�WKH�VXQJ�LQVWUXFWLRQ�b
"not the ȴUVW�DIWHU�WKHb
SDUN���DYRLGHG�WKLV�HUURU�b
7KHUH�ZHUH�QR�HUURUV�LQb
WKLV�VWHS�IURP�WKH�YHUVLRQb
with the MMA.

�WKLV�PLJKW�EH�WKHb
KRXVH��LV�WKLV�WKH�VOLJKWb
right?"
"not the ȴUVW�Ζb
UHPHPEHU�IURP�WKHb
instructions"

3DUWLFLSDQWV�ZKR�PDGH�Db
PLVWDNH�LQ�WKH�SUHYLRXV�VWHSb
FRUUHFWHG�WKHPVHOYHV�KHUH�b
However, another ȴYHb
SDUWLFLSDQWV�FRQWLQXHGb
VWUDLJKW�LQVWHDG�RI�WXUQLQJ�b
DV�WKH\�ZHUH�RYHUO\�IRFXVHGb
RQ�WKH�SDUN��7KH\�H[SHFWHG�Db
PRUH�IRUPDO�SDUN��ZKHUHDVb
WKH�YLUWXDO�HQYLURQPHQWb
VKRZHG�D�VPDOOHU�JUHHQb
DUHD��*LYHQ�WKDW�WKLV�VWHSb
IROORZHG�VHYHUDO�VWUDLJKWb
GHFLVLRQV��WKHVH�HUURUV�ZHUHb
anticipated.

�Ζ�ZDV�ZRQGHULQJ�LI�WKLVb
is a park, I missed it"
�\HV�UHPHPEHUHG�WKHb
95�EXW�GLGQ
W�UHFRJQL]Hb
it in the video"
�GRQ
W�UHPHPEHU�ZKDWb
the building looked like"

)LJXUH�����5HVXOWV�RI�URXWH���
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5.3 Results & Discussion

Comparison of performance between routes:

Saliency of navigation elements (per participant):

7KLV�VHFWLRQ�RXWOLQHV�WKH�ȴQGLQJV�IURP�WKH�QDYLJDWLRQ�H[SHULPHQW�FRQGXFWHG�DFURVV�
WZR�GLVWLQFW�URXWHV��5HJHQWHVVH�DQG�)UHGHULN��$V�GHWDLOHG�LQ�WKH�SULRU�FKDSWHU��
participants were introduced to navigation steps either via written instructions or 
through a song-based mnemonic format. They were then tasked with navigating 
a virtual environment where they encountered several decision points, some 
directly tied to the provided instructions and others designed to observe whether 
SDUWLFLSDQWV�ZRXOG�PLVWDNHQO\�FRQIXVH�WKHP�IRU�RɝFLDO�VWHSV��7KHVH�LQVWUXFWHG�
GHFLVLRQ�SRLQWV�UHTXLUHG�PHPRU\�UHFDOO�GXH�WR�GLUHFWLRQDO�FKDQJHV�RU�WKH�SUHVHQFH�
of obstacles. 

To mitigate bias and account for cognitive load, participants were divided into 
JURXSV�DQG�H[SRVHG�WR�GLHUHQW�FRPELQDWLRQV�RI�URXWH�YHUVLRQV�ZLWK�ERWK�ZULWWHQ�
and sung instructions presented in varying orders. This approach was intended to 
SUHYHQW�SRWHQWLDO�FDUU\�RYHU�HHFWV�WKDW�PLJKW�LQȵXHQFH�WKHLU�SHUIRUPDQFH�ZKHQ�
learning two sets of navigation instructions within a short time.

Participants performed very similar in both routes. The mean number of errors for Route 1 
("Regentesse") was 1.06 per participant, with a standard deviation of 0.84. For Route 2 ("Frederik"), the 
mean was slightly higher at 1.31 errors per participant, with a deviation of 0.97.

$V�VKRZQ�LQ�ȴJXUH�����IHZHU�HUURUV�ZHUH�PDGH�GXULQJ�WKH�VHFRQG�URXWH�IRU�ERWK�5HJHQWHVVH�DQG�
Frederik, irrespective of the presence of the Musical Mnemonic Aid (MMA). This was anticipated, as 
participants were already familiar with the process. While introducing a practice route might have 
SURYLGHG�DGGLWLRQDO�SUHSDUDWLRQ��LWV�LPSDFW�LV�XQFHUWDLQ��DV�LW�FRXOG�KDYH�FDXVHG�FDUU\�RYHU�HHFWV��
LQȵXHQFLQJ�SHUIRUPDQFH�LQ�WKH�DFWXDO�WHVW�URXWHV�

$Q�HTXDO�QXPEHU�RI�HUURUV�����ZHUH�REVHUYHG�RQ�LQVWUXFWHG�VWHSV�ZKHQ�5RXWH����5HJHQWHVVH�LQFOXGHG�
00$�DQG�ZKHQ�5RXWH����)UHGHULN�IHDWXUHG�00$�DQG�ZDV�SUHVHQWHG�VHFRQG�

6HYHUDO�IDFWRUV�FRQWULEXWHG�WR�WKH�QDYLJDWLRQ�HUURUV��

• ΖQ�ERWK�URXWHV��KLJKO\�VDOLHQW�ODQGPDUNV�FDXVHG�DQ��RYHUVKDGRZLQJ��HHFW��OHDGLQJ�SDUWLFLSDQWV�WR�
IRUJHW�VXEVHTXHQW�VWHSV�DIWHU�HQFRXQWHULQJ�WKHVH�SURPLQHQW�ODQGPDUNV��

• After the fourth landmark (decision point 9 or 10), participants’ retainability of further landmarks 
GHFUHDVHG��0DQ\�UHSRUWHG�WKDW�WKH\�ZHUH�DOUHDG\�DQWLFLSDWLQJ�WKH�ȴQDO�ODQGPDUN��ZKLFK�UHGXFHG�
WKHLU�DELOLW\�WR�UHWDLQ�WKH�ȴIWK�VWHS��

• 7KH�PHWDSKRUV�XVHG�LQ�WKH�VXQJ�LQVWUXFWLRQV�ZHUH�QRW�DOZD\V�HHFWLYH��)RU�LQVWDQFH��WKH�SKUDVH�
"Here the king is always right, he is the regent of his land," meant to reference Regentesselaan, 
was less useful because the street sign for Regentesselaan was not easily visible, preventing 
participants from making the association.

Although the sample size consists of 16 participants, several patterns can be observed in 
Table 10, which shows the levels of saliency distributed per participant rather than per step, 
particularly related to the level of vivid visual imagery. 

Participants with highly visual memories (hyperphantastics) tended to recall the visual 
UHSUHVHQWDWLRQ�RI�ODQGPDUNV�DVVRFLDWHG�ZLWK�QDYLJDWLRQ�GHFLVLRQV�PRUH�HHFWLYHO\��$OO�
hyperphantastic participants indicated that they relied on the visual representation for over 
50% of the decisions made.

Additionally, hyperphantastics were more likely to recall the written instructions compared to 
other phantastic groups, with an average of 43% recall among hyperphantastics, in contrast 
to 23% for phantastics, and 0% for both hypophantastics and aphantastics.

In comparison, participants with lower levels of vivid visual imagery (aphantastics and 
hypophantastics) did not recall the written instructions at all. Instead, these participants relied 
PRUH�KHDYLO\�RQ�WKH�VHTXHQWLDO�RUGHU�RI�ODQGPDUNV�DQG�LQVWUXFWLRQV��7KLV�UHOLDQFH�LV�HYLGHQW�LQ�
the combined 69% saliency score for low vivid visual imagery participants, compared to 53% 
for phantastics and 46% for hyperphantastics.

Hyperphantastics, in particular, demonstrated a stronger reliance on street names for 
navigation, using the combination of visual and textual information to enhance their spatial 
awareness.

In contrast, hypophantastics were less inclined to use the general line of direction from the 
map as their primary navigational tool. Instead, they relied more on direct landmarks and 
other cues. Due to the limited number of aphantastic participants (only one in this study), 
IXUWKHU�UHVHDUFK�LV�UHTXLUHG�WR�H[SORUH�WKHLU�VSHFLȴF�QDYLJDWLRQ�VWUDWHJLHV�DQG�WHQGHQFLHV�

1RWH��EHFDXVH�WKH�SUHVHQFH�RI�WKH�00$�JUHDWO\�DHFWHG�LI�DQ�HUURU�ZDV�PDGH�LQ�WKH�5RXWH����)UHGHULN�LQ�WKH�LQVWUXFWHG�VWHS�
6, the decision points 14 and 15 of this route are seen as the combination of step 6.

Figure 64. Navigation errors made in instructed steps of both routes, divided by order of randomization of routes. 

Table 10.  Saliency of navigation elements per participant distributed in order of visual vividness of their imagination. 
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7KH�FRUUHODWLRQDO�KHDWPDS�LQ�ȴJXUH����UHYHDOHG�VHYHUDO�NH\�ȴQGLQJV�UHODWHG�WR�QDYLJDWLRQ�
SHUIRUPDQFH��3DUWLFLSDQWV�PDGH�IHZHU�QDYLJDWLRQ�HUURUV�ZKHQ�WKH\�HHFWLYHO\�UHPHPEHUHG�
sung instructions (correlation of -0.54) or written instructions (-0.48), with a slight advantage 
for sung instructions. A better recall of visual representations was also associated with 
reduced mistakes (-0.42), indicating the importance of clear visual cues.

For participants with lower Visual Vivid Imagination and stronger egocentric navigation, street 
names were not helpful (-0.58), while map visualization had a small negative correlation with 
HUURUV����������VXJJHVWLQJ�OLPLWHG�HHFWLYHQHVV�

Unexpectedly, Order saliency shows a weaker positive correlation with mistakes made 
��������LQGLFDWLQJ�WKDW�UHO\LQJ�RQ�WKH�RUGHU�RI�ODQGPDUNV�PLJKW�QRW�KDYH�EHHQ�DV�HHFWLYH�LQ�
preventing errors as other aids. This makes sense because those participants who scored 
higher on the Leiden Navigation Test's egocentric navigation task have more probability of 
having DTD and therefore they rely more on the Order saliency than the map visualization 
saliency, because they can't visualize a mental map. 

In contrast, participants who performed well on allocentric tasks (Leiden Navigation Test) 
made fewer mistakes, supported by a weak negative correlation (-0.11), highlighting their 
reliance on map-based cues.

These insights suggest that visual and mnemonic aids (sung and written instructions) were 
PRUH�HHFWLYH�DW�UHGXFLQJ�QDYLJDWLRQ�HUURUV�WKDQ�UHOLDQFH�RQ�WKH�RUGHU�RI�ODQGPDUNV�RU�PDS�
visualizations. But, the saliency of the navigation elements can be highly related to the levels 
RI�HJRFHQWULF�DQG�DOORFHQWULF�QDYLJDWLRQ��PHDQLQJ�WKDW�WKH�HHFWLYHQHVV�YDULHV�EDVHG�RQ�WKH�
participant's navigation style.

Of the 16 participants, only 4 reported that they did not rely on the map and instead 
QDYLJDWHG�VROHO\�EDVHG�RQ�WKH�UHFRJQLWLRQ�RI�ODQGPDUNV�DQG�WKH�VHTXHQFH�RI�LQVWUXFWLRQV��7KLV�
indicates that, for the majority, the map played a crucial role in navigation, highlighting the 
importance of both visual cues and the structure of the map for successful route planning. 
The reliance on landmarks and ordered instructions alone was less common, underscoring 
the limitations of this strategy without the additional support of a map. All participants 
indicated reliance on the visual representation of landmarks to some degree, which 
reinforces the importance of distinct and easily recognizable landmarks in navigation tasks.

Correlation heatmap of Navigation Experiment Variables

5HG�IRU�QHJDWLYH�FRUUHODWLRQV

(more occurrences)

Blue for positive correlations

(less occurrences)

Figure 65. Correlation heatmap of Navigation Experiment Variables 

Saliency of navigation elements (per route step):

7KH�IROORZLQJ�UDQNHG�OLVW��IURP�PRVW�WR�OHDVW�VDOLHQW��UHȵHFWV�WKH�LPSDFW�RI�
each element on the participants’ ability to navigate the route successfully. 
A distribution per step is illustrated in Figure 66. More in depth analysis is 
available at Appendix 7.

1. [VR] Visual representation: The participants consistently relied on the 
given visual representation of the landmark that was given prior to start 
the navigation.

2. [O] Order:�3DUWLFLSDQWV�XVHG�WKH�VHTXHQFH�LQ�ZKLFK�ODQGPDUNV�ZRXOG�
appear to guide their navigation, and more distinctively the order of 
cardinal direction that needed to be taken (ex. left, right, right)

3. [Map] Map visualization: Most participants were able to remember 
the "blue line" and the shape of this in combination with the size of the 
streets and other indirect landmarks such as green areas and canals of 
water.

4. [L] Lyrics:�7KH�VXQJ�LQVWUXFWLRQV�KHOSHG�SDUWLFLSDQWV�UHFDOO�VSHFLȴF�
ODQGPDUNV�EXW�ZHUH�OHVV�HHFWLYH�IRU�UHPHPEHULQJ�GLUHFWLRQDO�FKDQJHV�

��� [W] Words��:ULWWHQ�LQVWUXFWLRQV�ZHUH�VRPHZKDW�XVHIXO�EXW�OHVV�
impactful than visual or auditory cues, with some participants not 
relying heavily on them or even completely ignoring them.

6. [SN] Street names:�/HVV�IUHTXHQWO\�XVHG��DV�SDUWLFLSDQWV�RIWHQ�PLVVHG�
or overlooked street signs. (the virtual environment also didn't allow to 
stop freely whenever a street sign was encountered. When used, street 
QDPHV�SURYLGHG�FRQȴUPDWLRQ�EXW�ZHUH�JHQHUDOO\�OHVV�PHPRUDEOH��7KH�
ȴUVW�OHWWHU�RU�D�VSHFLȴF�QDPH�DUH�PRUH�PHPRUDEOH�

��� [Melo] Melody: The least salient element, as the few participants that 
indicated actively using the melody for navigation did it only at the 
beginning of the routes.

)LJXUH�����6DOLHQF\�RI�:D\ȴQGLQJ�HOHPHQWV
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Impact of the Musical Mnemonic Aid :

Phrasing the instructions for each step in a song verse format enhanced the 
participants' ability to retain landmark information. However, this approach did 
QRW�GHPRQVWUDWH�D�VLPLODUO\�FOHDU�HHFW�RQ�WKHLU�DELOLW\�WR�UHFDOO�WKH�FRUUHVSRQGLQJ�
directional changes. Notably, participants did not comment on a discernible pattern 
LQ�WKH�SKUDVLQJ�RI�WKH�VXQJ�LQVWUXFWLRQV��6SHFLȴFDOO\��YHUVHV�DVVRFLDWHG�ZLWK�ULJKW�
turns typically concluded with a rhyming word on a high note, while those for left 
turns ended on a lower note.

Analogies or metaphors related to street names proved useful as prompts for 
recalling instructions, provided that the street sign was visible. Street names were 
SDUWLFXODUO\�HHFWLYH�EHFDXVH�WKH\�FRXOG�EH�DVVRFLDWHG�ZLWK�WKH�FDUGLQDO�RULHQWDWLRQ�
RI�WKH�VWUHHW�LWVHOI��RHULQJ�DQ�DGGLWLRQDO�QDYLJDWLRQDO�FXH�

Although the presence of the Musical Mnemonic Aid (MMA) combined with visual 
representations slightly improved the traceability and retainability of instructed 
steps, it did not reduce the overall number of navigation errors. These errors 
primarily occurred at non-instructed decision points.

ΖQ�ȴJXUH������DQ�H[DPSOH�RI�ZKLFK�YHUVLRQ�RI�DQ�LQVWUXFWLRQ�ZDV�UHPHPEHUHG�WKH�
most, either in a song verse format or as written instructions.

Another example of this is the phrase "Frederik is so very long" functioned as 
DQ�HHFWLYH�PQHPRQLF��KHOSLQJ�SDUWLFLSDQWV�PHQWDOO\�FRXQW�KRZ�PDQ\�WLPHV�WR�
continue straight. Its rhythmic and repetitive nature reinforced the concept of a long, 
uninterrupted stretch, aiding spatial awareness and making it easier for participants 
to anticipate the next decision point.

6LPLODUO\���QRW�WKH�ȴUVW�DIWHU�WKH�SDUN��DFWHG�DV�D�GLUHFW�ZDUQLQJ��LQFUHDVLQJ�WKH�VWHS
V�
memorability by highlighting a potential mistake. By signalling the need for extra 
attention after passing the park, this instruction heightened participants' focus and 
helped them avoid turning too early, making it both practical and easy to recall.

Subjective evaluation on interaction principles

6LQFH�WKLV�ZDV�DQ�H[SHULPHQWDO�VWXG\�UDWKHU�WKDQ�D�ȴQDOL]HG�FRQFHSW�RU�SURGXFW��
the focus was not on achieving the maximum possible scores in each category, but 
rather on gaining insights into participants' subjective experiences and feelings 
when using a musical mnemonic aid (MMA) for navigation decision points, and make 
independent decisions.

)URP�WKH�WDEOH�����WKH�VFRUHV�IURP�WKH�/LNHUW�VFDOH�UHȵHFW�WKH�SDUWLFLSDQWV
�UHVSRQVHV�
collected during the evaluation after each route, providing insights into their 
subjective experiences with and without the Musical Mnemonic Aid (MMA).

Motivation:
With the MMA, participants felt motivated to remember the route without consulting 
the map, scoring an average of 0.9375, showing good usability. However, without the 
MMA, motivation increased slightly, with a higher average score of 1.3125, indicating 
that participants found the system easier to use and relied more on their own recall 
when the song was not present.

Independency from the system:
7KH�ORZ�VFRUH�IRU�LQGHSHQGHQF\�ZLWKRXW�WKH�00$�UHȵHFWV�SDUWLFLSDQWVȇ�WHQGHQF\�WR�
feel somewhat reliant on external aids like maps or visual cues during navigation, 
even in the absence of a musical mnemonic. Without the MMA, participants scored 
-0.75 on feeling "independent from the system to remember the route," indicating 
that despite the lack of an auditory aid, they still felt tied to the system for guidance, 
rather than fully trusting their own memory or decision-making skills.

Figure 67. Rhyming tone of mnemonic aid.

Table 11. Likert scale scores  of subjective evaluation over interaction principles.

Figure 68. Comparison of saliency of Words vs Lyrics
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&RQWURO�DQG�)HHGEDFN�
In terms of control, participants felt less in charge of their navigation with the MMA, 
UHȵHFWHG�E\�D�ORZ�VFRUH�RI��������OLNHO\�GXH�WR�UHOLDQFH�RQ�DXGLWRU\�FXHV��ΖQ�FRQWUDVW��
without the MMA, participants felt marginally more in control, scoring 0.1875, 
though both versions scored relatively low, indicating room for improvement in 
fostering user autonomy in both setups.

Empowerment:
The MMA system made participants feel reasonably empowered to make navigation 
decisions, scoring 0.875. However, without the MMA, empowerment increased 
slightly, with an average score of 1.0625, suggesting that participants felt more 
FRQȴGHQW�DQG�DXWRQRPRXV�ZKHQ�WKH\�ZHUH�QRW�UHO\LQJ�RQ�DXGLWRU\�LQVWUXFWLRQV�

1DYLJDWLRQ�(ɝFLHQF\�
With the MMA, participants found the system to be intuitive and helpful in informing 
them of upcoming decision points, scoring 0.5625 for decision point clarity and 
1.1875 for intuitive guidance. Without the MMA, these scores were higher, at 0.875 
for decision points and 1.25 for intuitive guidance, indicating that participants found 
QDYLJDWLRQ�PRUH�VWUDLJKWIRUZDUG�DQG�HɝFLHQW�ZKHQ�WKH\�UHOLHG�RQ�WKHLU�VSDWLDO�
memory rather than auditory prompts.

Importantly, the relatively low scores in certain areas, such as control and feedback, 
do not necessarily indicate a failure of the system but highlight areas where the 
musical aid changed the way participants interacted with the navigation system. 
These results suggest that while the MMA helped with route recall, it may have 
slightly reduced participants' sense of autonomy, as they became more reliant 
on the auditory cues. Thus, the experiment was designed to explore how musical 
PQHPRQLFV�FRXOG�VXSSRUW�QDYLJDWLRQ�LQ�VSHFLȴF�ZD\V��UDWKHU�WKDQ�VHUYH�DV�D�IXOO\�
optimized solution for every aspect of the user experience.

Overall, the non-MMA version scored higher across all aspects, demonstrating 
that participants felt more motivated, in control, empowered, and navigated more 
HɝFLHQWO\�ZLWKRXW�WKH�VRQJ�FXHV��ZKLOH�WKH�00$�YHUVLRQ�ZDV�KHOSIXO�EXW�VOLJKWO\�
reduced user autonomy.

8OWLPDWHO\��WKHVH�ȴQGLQJV�SURYLGH�DQ�LPSRUWDQW�IRXQGDWLRQ�IRU�XQGHUVWDQGLQJ�KRZ�
mnemonic aids could be integrated into future navigation systems, while leaving 
URRP�IRU�IXUWKHU�UHȴQHPHQWV�WKDW�FRXOG�EDODQFH�WKH�XVH�RI�VXFK�DLGV�ZLWK�XVHU�
autonomy and control.

5.4 Experiment conclusions

Improving the translation between an allocentric map perspective to real 
environment egocentric perspective can be highly improved just by showing a 
EHWWHU�YLVXDO�RI�D�VHOHFWHG�ODQGPDUN�WKDW�QHHGV�WR�EH�LGHQWLȴHG��)RFXVLQJ�RQ�RQH�
YHU\�QRWLFHDEOH�REMHFW�DQG�VLPSOLȴHG�LQVWUXFWLRQV��$GGLQJ�D�PXVLFDO�PQHPRQLF�DLG�
GLG�QRW�FDXVH�D�VLJQLȴFDQW�LPSURYHPHQW�LQ�ERWK�WKH�WUDFHDELOLW\�DQG�UHWDLQDELOLW\�RI�
landmarks.

Mnemonic Aid for Spatial Orientation
The use of the Musical Mnemonic Aid (MMA) showed mixed results regarding spatial 
orientation. While the MMA improved the recall of landmarks (retainability), it did 
QRW�KDYH�WKH�VDPH�HHFW�RQ�UHPHPEHULQJ�GLUHFWLRQV��WUDFHDELOLW\���7KH�DLG�KHOSHG�
participants better guess upcoming landmarks based on the lyrics, but their ability to 
associate those landmarks with the correct directional changes was less consistent. 
The aid's impact was mainly seen in reducing mistakes during key steps but was less 
HHFWLYH�DW�QRQ�LQVWUXFWHG�GHFLVLRQ�SRLQWV�

6DOLHQF\���5HWDLQDELOLW\
Participants demonstrated a strong ability to remember decision points with the 
help of the MMA, especially for highly memorable landmarks like the "roundabout" 
or "ice cream shop." The presence of the mnemonic aid enhanced their recall of 
VSHFLȴF�IHDWXUHV��WKRXJK�WKH��RYHUVKDGRZLQJ�HHFW��VKRZHG�WKDW�RYHUO\�PHPRUDEOH�
ODQGPDUNV�VRPHWLPHV�FDXVHG�SDUWLFLSDQWV�WR�IRUJHW�VXEVHTXHQW�VWHSV��2YHUDOO��
retainability was better when landmarks were linked to strong visual or auditory 
cues.

7UDFHDELOLW\
Traceability, or the ability to locate decision points in the environment, was 
somewhat lower with the use of the MMA. Participants often struggled to link the 
mnemonic with precise directional changes. This suggests that while the MMA made 

Figure 69. Experiment overview.
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UHFDOOLQJ�ODQGPDUNV�HDVLHU��LW�ZDV�OHVV�HHFWLYH�DW�KHOSLQJ�SDUWLFLSDQWV�SLQSRLQW�WKHLU�
location and next action. They relied more on visual and spatial memory when it 
came to choosing directions.

&RJQLWLYH�/RDG
The experiment revealed that participants experienced a greater cognitive load 
when the MMA is present, causing more navigation errors. Despite learning two 
VHWV�RI�LQVWUXFWLRQV�LQ�D�VKRUW�WLPH��SDUWLFLSDQWV�DGDSWHG�WR�WKH�GLHUHQW�URXWHV��
showing that the overall load of the experiment (using a 5 min route with 15 max 
decision points) is achievable. Participants made fewer mistakes as they became 
more familiar with the process, indicating that cognitive load decreased with 
H[SHULHQFH���)RU�WKLV�H[SHULPHQW�FDUU\�RYHU�HHFWV�ZHUH�REVHUYHG��ERWK�SRVLWLYH�DQG�
negative. The cognitive load of remembering a second route after already having 
OHDUQHG�DQRWKHU�URXWH�EHIRUH�ZDV�PHQWLRQHG�DV�GLɝFXOW��DOWKRXJK�WKHUH�ZDV�QRW�D�
VLJQLȴFDQW�HHFW�REVHUYHG�LQ�WKH�DPRXQW�RI�PLVWDNHV�

Most of the points mentioned in chapter 4 were shown as correct hypothesis, except 
for the following. 

1. More errors without MMA: Contrary to the hypothesis, participants did not 
consistently make more errors without the MMA. The results showed that the 
adding an MMA increased the cognitive load and therefore the participant had 
more to focus on. The non-MMA version allowed participants to rely more on 
visual and spatial memory, which helped reduce mistakes in some cases. 

2. /DFN�RI�V\VWHP�IHHGEDFN�LPSDFWLQJ�WUXVWZRUWKLQHVV��The hypothesis that 
WKH�V\VWHP�ZRXOG�QRW�EH�SHUFHLYHG�DV�WUXVWZRUWK\�ZDV�SDUWLDOO\�FRQȴUPHG��
Participants felt that without corrective feedback when they made a mistake, 
the system seemed less reliable, though the absence of feedback did not 
VLJQLȴFDQWO\�LPSDFW�WKHLU�RYHUDOO�SHUIRUPDQFH� 

3. Reluctance to learn the song: Participants did not express a strong desire to 
learn the song in its entirety beforehand, specially because in general they would 
not spend time learning the route before and would just glance the map once 
and then glance it again everytime that is needed. They favored an approach 
where they could "listen as they go." A more personalized or engaging musical 
genre might have made the process more appealing, but this was not tested in 
during this experiment.

Hypothesis and Assumptions check

Designing the navigation system

5.5 Design Implications

After the insights from the experiment there is a more integral perspective of the 
type of mental map and navigation strategies from a DTD and low navigational skills 
SRLQW�RI�YLHZ��ΖW�LV�QRZ�NQRZQ�WKDW�SURYLGLQJ�D�YLVXDO�UHSUHVHQWDWLRQ�RI�D�VSHFLȴF�
element as a landmark improved the saliency of the decision points of the route. 

This in contrast of the current approach which shows the entire environment and 
OHDYHV�LW�WR�WKH�XVHU�WR�ȴQG�VRPHWKLQJ�WR�SODFH�WKHLU�IRFXV�RQ�DQG�UHPHPEHU�ZKDW�
to do there. Taking a look back at the proposed design guidelines from chapter 
���WKH�IROORZLQJ�JXLGHOLQHV�LQ�WDEOH����DUH�LPSURYHG�DQG�IXUWKHU�VSHFLȴHG�WR�VKRZ�
landmarks in the most salient way.

7DEOH�����8SGDWHG�:D\ȴQGLQJ��*XLGHOLQHV��1DYLJDWLRQ�6\VWHP�
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Choosing a salient route:

Users with low navigational skills will prefer to go through easy routes with few 
decision points or those that have landmarks that they already know the route to 
DQG�IURP�ZHOO��3ODFHV�OLNH�WKH�KRPH��VXSHUPDUNHW��ZRUNSODFH��FHQWHU�VTXDUH�RI�WKH�
FLW\��VSHFLȴF�VWRUHV��KLVWRULF�PRQXPHQWV�DQG�D�SXEOLF�WUDQVSRUWDWLRQ�VWDWLRQ�DUH�JRRG�
starting points for landmarks.

If users are in a hurry they will choose the most know route, even if it is not the 
TXLFNHVW�

When users are not in a hurry then they are open to explore more scenic routes with 
memorable landmarks as long as they are easy to remember and the route still feels 
HɝFLHQW�

$V�PHQWLRQHG�LQ�FKDSWHU����QDYLJDWLRQ�V\VWHPV�VKRXOG�RHU�DW�OHDVW��WKH�HDVLHVW�
URXWH�RSWLRQ��D�PRVW�PHPRUDEOH�RSWLRQ�DQG�WKH�PRVW�HɝFLHQW�URXWH�XVLQJ�
previously known places.

)RU�ORQJHU�URXWHV��WKH�XVHU�ZLOO�FKRRVH�WR�GLYLGH�LW�LQ�VHFWLRQV�DQG�ȴUVW�OHDUQ�KRZ�WR�
get to one place that seems reachable, a checkpoint, without a navigation aid and 
once that place is reached they will learn the new route towards the next checkpoint. 
The ideal checkpoints should be already known destinations for the user.

Choosing a salient landmark:

An ideal landmark for visual representation is one that is highly distinct and 
contrasts strongly with its surroundings, making it easy to retain in the memory and 
recognize in the environment. 

$Q�DFFHSWDEOH�ODQGPDUN�FDQ�EOHQG�PRUH�VXEWO\�LQWR�WKH�HQYLURQPHQW�EXW�VWLOO�RHUV�
HQRXJK�GLHUHQWLDWLRQ��OLNH�D�EULGJH�RU�D�URZ�RI�WUHHV��D�URZ�RI�WUDVK�ELQV��D�VSHFLȴF�
store or temporary elements such as the ice cream cone statue that is outside to 
show that the ice cream shop is open. Although, those not permanent ones must be 
taken chosen carefully to ensure it is actually in place when needed. 

In contrast, a poor landmark is one that lacks distinctiveness or is easily confused 
with its surroundings, such as a generic brown brick house surrounded by other 
brown bricked houses. Or, a hard-to-see / far away statue, which can lead to 
confusion and navigation errors.

8VLQJ�QDWXUDO�HOHPHQWV�DV�ODQGPDUNV�LV�HHFWLYH�RQO\�ZKHQ�WKHUH�LV�D�FOHDU��
distinguishable alignment that participants can easily interpret from both an 
egocentric and allocentric perspective. For instance, the presence of a tree-lined 
ERXOHYDUG�SURYLGHG�D�XVHIXO�VSDWLDO�FXH��DV�WKH�DOLJQPHQW�RI�WKH�WUHHV�RHUHG�D�
FRQVLVWHQW�YLVXDO�SDWWHUQ��6LPLODUO\��WUHHV�ZHUH�EHQHȴFLDO�ZKHQ�XVHG�WR�LQGLFDWH�
a park, where the distinctive boundary between the park and surrounding 
streets served as a reliable landmark. However, in cases where the trees lacked a 
XQLTXH�DUUDQJHPHQW�RU�FRQWH[W��SDUWLFLSDQWV�VWUXJJOHG�WR�XVH�WKHP�HHFWLYHO\�DV�
navigational aids.

7KH�ȴQDO�GHVWLQDWLRQ�VKRXOG�DOVR�EH�VKRZQ�DV�D�ODQGPDUN�VR�WKH�XVHU�NQRZV�ZKDW�WR�
look out for.

)LJXUH�����&ODVVLȴFDWLRQ�RI�LGHDO�ODQGPDUNLQJ�IRU�HDV\�:D\ȴQGLQJ�

)LJXUH�����&ODVVLȴFDWLRQ�RI�LGHDO�URXWLQJ�IRU�HDV\�:D\ȴQGLQJ�

Landmark

Landmark

Landmark

Landmark
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Choosing a salient instruction: 
3ULPDU\�LQVWUXFWLRQV�VKRXOG�EH�RQO\�DERXW�GHFLVLRQ�SRLQWV�ZLWK�VSHFLȴF�FKDQJHV�LQ�
direction. There can also be secondary instructions which reassure the user that 
they are indeed in the correct path.

For users with DTD and low navigational skills, using allocentric references such as 
North and South do not bring as much orientation value as direct references of their 
egocentric position (left and right of their current position).

6WUHHW�QDPHV�DUH�RQO\�XVHG�DV�D�ZD\ȴQGLQJ�HOHPHQW�LQ���VLWXDWLRQV�
• Decision point landmark: when there are no other more salient landmarks 

with enough contrast at the decision point
• Final destination saliency:��LI�WKH�XVHU�LV�ORRNLQJ�IRU�WKH�ȴQDO�GHVWLQDWLRQ�ZKLFK�

involves a street name and number
• Reassurance: When the route goes along a street for a long time and the user 

had multiple chances to see the street sign.

If users have to learn street names to complete their route, they will only choose to 
remember one or two street names alongside other landmarks. This depending on 
WKH�OHQJWK�RI�WKH�URXWH�RI�FRXUVH��ORQJHU�URXWHV�PLJKW�UHTXLUH�WR�OHDUQ�PRUH�VWUHHW�
names, but as mentioned before longer routes will most likely be split into sections 
by the user. If split into sections the maximum amount of streets that should be 
remembered is one or two per section.

6WUHHW�QDPHV�FDQ�EH�VKRZQ�DV�D�ODQGPDUN��EULQJLQJ�HPSKDVLV�WR�WKH�ȴUVW�OHWWHU�RI�
the name. Details such as whether it is a street, avenue or way are not necessary. 
For example, in the context of the Netherlands if a street name is "Delftselaan" or 
�'HOIWVHZHJ���XVHU�ZLOO�PRVW�OLNHO\�UHPHPEHU�WKH�ZRUG�'HOIW�EXW�QRW�VSHFLȴFDOO\�WKH�
type of street unless those two options are within close distance to each other and a 
navigation decision needs to be made depending on that information.

)LJXUH�����&ODVVLȴFDWLRQ�RI�LGHDO�LQVWUXFWLRQV�IRU�QDYLJDWLRQ�

6. Outcome6. Outcome

6.2 Limitations

6.1 Conclusions

6.3 Recommendations

Љ҅Ї�«ĤǱĤĖƸōżű

6.5 Further reading

6.6 References
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6.1 Conclusions on the project

This project provided a deep dive into "how do people navigate?" and 
PRUH�VSHFLȴFDOO\��WKH�GDLO\�QDYLJDWLRQDO�FKDOOHQJHV�IDFHG�E\�SHRSOH�ZLWK�
Developmental Topographical Disorientation, but also, those who consider 
themselves not good with navigation. From an initial exploration of the 
clinical topic of DTD, to the development of design guidelines, this project 
aimed to bridge the gap between navigation technology and the real-world 
HQYLURQPHQW�IRU�DOO�WKRVH�XVHUV�ZKR�IDFH�GLɝFXOWLHV�ZLWK�VSDWLDO�RULHQWDWLRQ��

7KURXJK�LQWHUYLHZV��DQ�H[SHULPHQW��DQG�WKH�GHVLJQ�RI�D�ZD\ȴQGLQJ�
framework, the study has highlighted the ways in which people navigate 
their environments, indoors as well but mostly outdoors. While, also bringing 
attention to the cognitive processes that underlie these interactions. 

$V�WKLV�ZRUN�KDV�VKRZQ��HHFWLYH�QDYLJDWLRQ�JRHV�EH\RQG�MXVW�WHFKQRORJLFDO�
solutions. It’s about creating systems that empower individuals to feel 
FRQȴGHQW�DQG�LQGHSHQGHQW��HYHQ�ZKHQ�WKH�VXUURXQGLQJV�DUH�GLɝFXOW�IXOO�
of houses that look all the same or buildings with endless corridors. Overall 
WKHVH�DUH�WKH�JHQHUDO�FRQFOXVLRQV�RI�WKH�HQWLUH�SURMHFW�

• The original focus on Developmental Topographical Disorientation 
�'7'��ZDV�EURDGHQHG�WR�LQFOXGH�LQGLYLGXDOV�ZKR�VHOI�LGHQWLȴHG�DV�
having low navigational skills. This adjustment not only made it easier 
for participant recruitment but also raised awareness about DTD among 
a wider audience. Many participants were able to recognize that their 
QDYLJDWLRQDO�FKDOOHQJHV�GLG�QRW�UHȵHFW�D�ODFN�RI�LQWHOOLJHQFH��%\�H[SDQGLQJ�
the scope of the study, it became possible to develop inclusive design 
JXLGHOLQHV�DLPHG�DW�FUHDWLQJ�DFFHVVLEOH�ZD\ȴQGLQJ�V\VWHPV�IRU�D�GLYHUVH�
range of users.

• Even though DTD is not a high risk condition, there are still multiple 
PRPHQWV�RI�GLVWUHVV�FDXVHG�E\�WKH�LQDELOLW\�WR�RULHQW�LQ�WKH�
HQYLURQPHQW��DQG�HYHQ�ȴQDQFLDO�FRQVHTXHQFHV�LI�WKH�SHUVRQ�JHWV�FDXJKW�
E\�WKH�SROLFH�IRU�XVLQJ�WKH�SKRQH�ZKLOH�F\FOLQJ��7KH�HɝFLHQF\�RI�IDVW�
paced environments represent an extra stress factor for those with DTD 
and others as well. The best example of this is at hospitals, known for 
KDYLQJ�FRPSOLFDWHG�OD\RXWV��ZKHUH�HYHU\�PLQXWH�PDNHV�D�GLHUHQFH�

• Even though the second half of this study primarily focused on outdoor 
QDYLJDWLRQ��WKH�ȴQGLQJV�KDYH�VLJQLȴFDQW�LPSOLFDWLRQV�IRU�LQGRRU�
ZD\ȴQGLQJ��7KH�HPSKDVLV�RQ�FOHDU�LQVWUXFWLRQV�DQG�YLVXDOO\�GLVWLQFW�
ODQGPDUNV�FRXOG�EHQHȴW�XVHUV�QDYLJDWLQJ�FRPSOH[�LQGRRU�HQYLURQPHQWV��
7KH�JXLGHOLQHV�SURSRVHG�FDQ�DOVR�WUDQVODWH�WR�LQGRRU�ZD\ȴQGLQJ, 

DOWKRXJK�LW�ZRXOG�EH�XVHIXO�WR�GHYHORS�D�VSHFLȴF�VHW�IRU�LQGRRU�
ZD\ȴQGLQJ��'HVLJQ�EDVHG�RQ�WKHVH�LQVLJKWV�FDQ�KHOS�LQGLYLGXDOV��ERWK�
with DTD and without, to better orient themselves.

• The research also EURDGHQHG�WKH�XQGHUVWDQGLQJ�RI�WKH�PHQWDO�PDSV�
IRUPHG�E\�LQGLYLGXDOV�ZLWK�'7', and it hints at revealing a spectrum of 
navigational abilities even though there isn't much literature available yet 
RQ�D�VSHFLȴF�FODVVLȴFDWLRQ�RI�QDYLJDWLRQDO�DELOLWLHV��

• Future Co-creation sessions with individuals who have weak navigational 
skills or DTD could provide�YDOXDEOH�LQVLJKWV�LQWR�ZKLFK�HOHPHQWV�DUH�
HDVLHVW�WR�UHPHPEHU�DQG�ZK\. This would contribute to the design of 
IXWXUH�ZD\ȴQGLQJ�V\VWHPV�EHWWHU�WDLORUHG�WR�WKLV�SRSXODWLRQ��

• Additionally, UDLVLQJ�DZDUHQHVV�DERXW�'7'�KDV�EHHQ�D�NH\�RXWFRPH�
of the study, empowering both individuals and designers to address 
navigational challenges with more inclusive tools.

• Since DTD and spatial aphantasia are relatively new areas of research, 
VFLHQWLȴF�GHYHORSPHQWV�SURJUHVVHG�DORQJVLGH�WKLV�VWXG\��New 
ȴQGLQJV��SDUWLFXODUO\�WKH�SRVVLEOH�FRUUHODWLRQ�EHWZHHQ�OHYHOV�RI�
YLVXDO�LPDJHU\�DQG�QDYLJDWLRQDO�SURȴFLHQF\��SURPSWHG�QHFHVVDU\�
DGMXVWPHQWV�WR�WKH�PHWKRGRORJ\��7KHVH�ȴQGLQJV�KLJKOLJKW�WKH�QHHG�IRU�
IXUWKHU�UHVHDUFK�LQWR�KRZ�YLVXDO�LPDJHU\�LQȵXHQFHV�QDYLJDWLRQ�VWUDWHJLHV��
especially in processing visual and auditory cues. This could provide a 
basis for designing personalized navigation aids tailored to cognitive 
SURȴOHV�

• &UHDWLQJ�:D\ȴQGLQJ�*XLGHOLQHV�VSHFLȴFDOO\�WDLORUHG�IRU�SHRSOH�ZLWK�'7'�
RU�ZHDN�QDYLJDWLRQDO�VNLOOV�SURYHG�WR�EH�D�FKDOOHQJH�VLQFH�ZD\ȴQGLQJ�
happens in all kinds of environments with multiple routes daily, and 
SHUVRQDOL]LQJ�HDFK�GHFLVLRQ�SRLQW�ZRXOG�GHPDQG�FRQVLGHUDEOH�HRUW�
from developers and motivation from users. While AI could help by 
adapting routes to user preferences,�SDUWLFLSDQWV�GLG�QRW�H[SUHVV�D�
VWURQJ�GHVLUH�WR�SUH�VWXG\�URXWHV��LQGLFDWLQJ�D�SRWHQWLDO�EDUULHU�WR�
motivate the strengthening of navigational skills.
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6.2 Limitations

1. Lack of Awareness of Developmental Topographical Disorientation 
�'7'���A major limitation was the public's unfamiliarity with DTD, potentially 
DHFWLQJ�SDUWLFLSDQWV
�XQGHUVWDQGLQJ�RI�WKH�VWXG\ȇV�JRDOV�DQG�QDYLJDWLRQ�DLGV
�
UHOHYDQFH��6LQFH�'7'�LV�D�UHODWLYHO\�QRYHO�UHVHDUFK�DUHD��QHZ�ȴQGLQJV��VXFK�DV�
the connection between visual vividness imagery and DTD, were integrated 
halfway through, limiting their consideration in early phases of the study.

���&OLQLFDO�$SSURDFK�WR�'7'��The study's controlled, clinical setting, though 
useful for isolating variables, did not fully capture the real-world navigation 
challenges faced by individuals with DTD. Factors like spontaneous route 
changes and environmental distractions, crucial for understanding mnemonic 
DLGVȇ�HHFWLYHQHVV��ZHUH�QRW�UHSOLFDWHG�LQ�WKH�YLUWXDO�HQYLURQPHQW�

���5HFUXLWPHQW�&KDOOHQJHV��5HFUXLWLQJ�SDUWLFLSDQWV�ZDV�GLɝFXOW��UHVXOWLQJ�
in a small, homogeneous sample that did not fully represent a broad range 
RI�QDYLJDWLRQ�DELOLWLHV�RU�FRJQLWLYH�SURȴOHV��OLPLWLQJ�WKH�JHQHUDOL]DELOLW\�RI�WKH�
ȴQGLQJV�

4. Virtual Environment Prototyping: The use of a 2D video-based 
environment restricted participants’ ability to engage with street signs, which 
ZRXOG�KDYH�UHTXLUHG�D��'�95�VHWXS��+RZHYHU��SURWRW\SLQJ�95�WHFKQRORJ\�
within the time constraints was not feasible.

���7LPH�&RQVWUDLQWV��The project was constrained by limited time, which 
DHFWHG�WKH�GHYHORSPHQW�RI�WKH�YLUWXDO�HQYLURQPHQW�DQG�WKH�RYHUDOO�OHQJWK�RI�
the study. A longer timeline could have allowed for more iterations, participant 
training, and follow-up assessments.

6. Scope of Prototyping:�7KH�H[SHULPHQWȇV�QDUURZ�IRFXV�RQ�D�VSHFLȴF�VHW�RI�
routes limited its ability to capture the wide range of real-world navigational 
challenges. This also restricted the exploration of alternative designs for the 
00$�V\VWHP��VXFK�DV�XVLQJ�GLHUHQW�PXVLFDO�JHQUHV�RU�FXVWRPL]HG�DXGLWRU\�
cues.

1. 6SHFLI\�ZKHQ�XVLQJ�WKH�:D\ȴQGLQJ�4XHVWLRQQDLUH�ZKLFK�TXHVWLRQV�VKRXOG�EH�
answered from the perspective of "using a GPS".

2. )RU�DQ�LWHUDWLRQ�RI�WKH�H[SHULPHQW�

a. Repeat the navigation of the routes in the virtual environment, 3 days after 
(without showing the navigation system the second time) to see how many 
decision points are accurately remembered, simulating that you are learning 
the route to go somewhere close in your new neighbourhood that you will 
IUHTXHQWO\�JR�WR��

b. Incorporate a task that is doing the learned route "in reverse" to see how the 
�RUGHU��DV�D�QDYLJDWLRQ�HOHPHQW�LV�DHFWHG�

c. 7HVW�ZLWK�DQ�ROGHU�DQG�\RXQJHU�VDPSOH�SRSXODWLRQ��HPSKDVL]LQJ�WKH�GLHUHQFH�
between those who have learned to navigate without a constant GPS and those 
who almost never experience navigating on their own without GPS.

d. Adapt the experiment to indoor navigation of a complex environment such as a 
hospital, airport or shopping center.

e. Have the participants draw what they remember after being exposed to the 
navigation system and the virtual environment, to see what type of mental map 
is created after the exposure of the route.

f. Create routes with varying degrees of cognitive load (e.g., a simple grid layout 
YHUVXV�D�PRUH�ZLQGLQJ��LUUHJXODU�SDWK��WR�H[DPLQH�KRZ�00$�LQȵXHQFHV�
GHFLVLRQ�PDNLQJ�XQGHU�GLHUHQW�OHYHOV�RI�QDYLJDWLRQDO�FRPSOH[LW\�

g. 7HVW�WKH�WUDFHDELOLW\�DQG�VDOLHQF\�RI�ODQGPDUNV�LQ�GLHUHQW�VLWXDWLRQV��VXFK�DV�
with a change of weather or even at night.

h. Go out into the real world. Do the experiment but instead of using a virtual 
environment have participants navigate a real-world version of the route 
to compare how well they transfer knowledge from a virtual environment 
WR�UHDOLW\��7KLV�ZRXOG�KHOS�JDXJH�WKH�HHFWLYHQHVV�RI�95�WUDLQLQJ�LQ�UHDO�OLIH�
scenarios.

3. 5HVHDUFK�WKH�LPSDFW�RI�FXOWXUDO�GLHUHQFHV�RQ�ODQGPDUN�UHFRJQLWLRQ��&RQGXFW�FURVV�
FXOWXUDO�VWXGLHV�WR�GHWHUPLQH�KRZ�LQGLYLGXDOV�IURP�GLHUHQW�FXOWXUDO�EDFNJURXQGV�
recognize and prioritize landmarks, and how these insights can inform more inclusive 
navigation system designs.

4. Facilitate co-creation sessions with people with DTD and low navigational skills to 
identify what type of landmarks are the most salient to them and to create routes 
based on their own navigation and coping strategies.

5. Municipalities and City makers should promote local artists to create art (especially 
statues and murals) on objects that could work as a navigational landmark so citizens 
depend less on seeing their phones while cycling to look at the map. 

6.3 Recommendations
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Љ҅Ї�«ĤǱĤĖƸōżű 6.5 Further Reading

1. Lack of Awareness of Developmental Topographical Disorientation 
�'7'���A major limitation was the public's unfamiliarity with DTD, potentially 
DHFWLQJ�SDUWLFLSDQWV
�XQGHUVWDQGLQJ�RI�WKH�VWXG\ȇV�JRDOV�DQG�QDYLJDWLRQ�DLGV
�
UHOHYDQFH��6LQFH�'7'�LV�D�UHODWLYHO\�QRYHO�UHVHDUFK�DUHD��QHZ�ȴQGLQJV��VXFK�DV�
the connection between visual vividness imagery and DTD, were integrated 
halfway through, limiting their consideration in early phases of the study.

���&OLQLFDO�$SSURDFK�WR�'7'��The study's controlled, clinical setting, though 
useful for isolating variables, did not fully capture the real-world navigation 
challenges faced by individuals with DTD. Factors like spontaneous route 
changes and environmental distractions, crucial for understanding mnemonic 
DLGVȇ�HHFWLYHQHVV��ZHUH�QRW�UHSOLFDWHG�LQ�WKH�YLUWXDO�HQYLURQPHQW�

���5HFUXLWPHQW�&KDOOHQJHV��5HFUXLWLQJ�SDUWLFLSDQWV�ZDV�GLɝFXOW��UHVXOWLQJ�
in a small, homogeneous sample that did not fully represent a broad range 
RI�QDYLJDWLRQ�DELOLWLHV�RU�FRJQLWLYH�SURȴOHV��OLPLWLQJ�WKH�JHQHUDOL]DELOLW\�RI�WKH�
ȴQGLQJV�

4. Virtual Environment Prototyping: The use of a 2D video-based 
environment restricted participants’ ability to engage with street signs, which 
ZRXOG�KDYH�UHTXLUHG�D��'�95�VHWXS��+RZHYHU��SURWRW\SLQJ�95�WHFKQRORJ\�
within the time constraints was not feasible.

���7LPH�&RQVWUDLQWV��The project was constrained by limited time, which 
DHFWHG�WKH�GHYHORSPHQW�RI�WKH�YLUWXDO�HQYLURQPHQW�DQG�WKH�RYHUDOO�OHQJWK�RI�
the study. A longer timeline could have allowed for more iterations, participant 
training, and follow-up assessments.

6. Scope of Prototyping:�7KH�H[SHULPHQWȇV�QDUURZ�IRFXV�RQ�D�VSHFLȴF�VHW�RI�
routes limited its ability to capture the wide range of real-world navigational 
challenges. This also restricted the exploration of alternative designs for the 
00$�V\VWHP��VXFK�DV�XVLQJ�GLHUHQW�PXVLFDO�JHQUHV�RU�FXVWRPL]HG�DXGLWRU\�
cues.

Double Diamond Framework for Innovation 

Developmental Topographical Disorientation

Vividness of Visual Imagery

áùǟǰűĝōűĿ�(ĤƪōĿű

(ĤŦľƸ�(ĤƪōĿű�JǀōĝĤ

• 'HVLJQ�&RXQFLO���Q�G����7KH�GRXEOH�GLDPRQG��'HVLJQ�&RXQFLO��KWWSV���ZZZ�
designcouncil.org.uk/our-resources/the-double-diamond/

• The Neurological Alliance. (2024). What is a neurological condition? – The 
Neurological Alliance. The Neurological Alliance. Retrieved May 10, 2024, from 
KWWSV���ZZZ�QHXUDO�RUJ�XN�DERXW�XV�DERXW�QHXURORJLFDO�FRQGLWLRQV�

• KWWSV���YDQGHUKDPODE�FRP�
• KWWSV���OXISURWRW\SH�QDYLJDWLHWUDLQLQJ�FRP�
• KWWSV���ZZZ�LQIR�JHWWLQJORVW�FD�

• Zeman, A., Milton, F., Della Sala, S., Dewar, M., Frayling, T., Gaddum, J., Hattersley, 
A., Heuerman-Williamson, B., Jones, K., MacKisack, M., & Winlove, C. (2020, May 
����3KDQWDVLD�Ȃ�7KH�SV\FKRORJLFDO�VLJQLȴFDQFH�RI�OLIHORQJ�YLVXDO�LPDJHU\�YLYLGQHVV�
H[WUHPHV��&RUWH[����������������������(OVHYLHU��KWWSV���GRL�RUJ���������M�
cortex.2020.04.003

• KWWSV���DSKDQWDVLD�FRP�VWXG\�YYLT�"VUVOWLG $IP%2RUO\0M��(��MF�-\�
d7v4DAmoGsAvC3iaJUCnzjsuuAA-EPQVbL

• $SHOW��5���	�&UDZIRUG��-����������:D\ȴQGLQJ�GHVLJQ�JXLGHOLQHV��4XHHQVODQG�
University of Technology. 

• 0DUTXDUGW��*����������:D\ȴQGLQJ�IRU�SHRSOH�OLYLQJ�ZLWK�GHPHQWLD��'HPHQWLD��
���������������KWWSV���GRL�RUJ�������������������������

• 1HWZRUN�5DLO����������'HVLJQ�0DQXDO��:D\ȴQGLQJ��15�*1�&Ζ9����������1HWZRUN�
5DLO��KWWSV���ZZZ�QHWZRUNUDLO�FR�XN

• Van Boeijen, A., Daalhuizen, J., Zijlstra, J., & van der Schoor, R. (2013). Delft Design 
*XLGH��'HVLJQ�VWUDWHJLHV�DQG�PHWKRGV��%Ζ6�3XEOLVKHUV�



112 113

6.6 References

1. Aphantasia Network. (n.d.). What is aphantasia? Aphantasia Network. Retrieved October 
����������IURP�KWWSV���DSKDQWDVLD�FRP�ZKDW�LV�DSKDQWDVLD�

2. $SHOW��5���&UDZIRUG��-���	�+RJDQ��'����������:D\ȴQGLQJ�GHVLJQ�JXLGHOLQHV��&RRSHUDWLYH�
Research Centre for Construction Innovation.

3. Bainbridge, W. A., Pounder, Z., Eardley, A. F., & Baker, C. I. (2021, February). Quantifying 
DSKDQWDVLD�WKURXJK�GUDZLQJ��7KRVH�ZLWKRXW�YLVXDO�LPDJHU\�VKRZ�GHȴFLWV�LQ�REMHFW�
EXW�QRW�VSDWLDO�PHPRU\��&RUWH[����������������(OVHYLHU��KWWSV���GRL�RUJ���������M�
cortex.2020.11.014

4. Blazhenkova, O., & Kozhevnikov, M. (2016). Types of creativity and visualization in teams 
RI�GLHUHQW�HGXFDWLRQDO�VSHFLDOL]DWLRQ��&UHDWLYLW\�5HVHDUFK�-RXUQDO������������������KWWSV���
doi.org/10.1080/10400419.2016.1162564

5. %OD]KHQNRYD��2���	�3HFKHQNRYD��(����������7KH�WZR�H\HV�RI�WKH�EOLQG�PLQG��2EMHFW�YV��
spatial aphantasia? Russian Journal of Cognitive Science, 6(4), 51–65. Sabanci University 
5HVHDUFK�'DWDEDVH��KWWS���G[�GRL�RUJ����������������

6. Brügger, A., Richter, K. F., & Fabrikant, S. I. (2019). How does navigation system behavior 
LQȵXHQFH�KXPDQ�EHKDYLRU"�&RJQLWLYH�5HVHDUFK��3ULQFLSOHV�DQG�ΖPSOLFDWLRQV�����������
KWWSV���GRL�RUJ���������V����������������

7. &DORUL��&���	�9DQGHQ�(\QGHQ��'����������6LJQDJH�DQG�ZD\ȴQGLQJ�GHVLJQ��$�FRPSOHWH�JXLGH�
to creating environmental graphic design systems (2nd ed.). Wiley.

8. Claessen, M. H. G., & van der Ham, I. J. M. (2017). Navigation impairments in 
developmental topographical disorientation. Neuropsychology Review, 27(3), 248-263. 
KWWSV���GRL�RUJ���������V�����������������

9. Conson, M., Bianchini, F., Quarantelli, M., Boccia, M., Salzano, S., Di Vita, A., & Guariglia, 
&����������6HOHFWLYH�PDS�IROORZLQJ�QDYLJDWLRQ�GHȴFLW��$�QHZ�FDVH�RI�GHYHORSPHQWDO�
topographical disorientation. Journal of Clinical and Experimental Neuropsychology, 40(9), 
���Ȃ�����(SXE��KWWSV���GRL�RUJ�������������������������������

10. Cultural Heritage. (2023, June 16). Ancient Indigenous songlines match long-sunken 
ODQGVFDSH�R�$XVWUDOLD��6FLHQWLȴF�$PHULFDQ��KWWSV���FXOWXUDOKHULWDJH�RUJ�DX�DQFLHQW�
LQGLJHQRXV�VRQJOLQHV�PDWFK�ORQJ�VXQNHQ�ODQGVFDSH�R�DXVWUDOLD�VFLHQWLȴF�DPHULFDQ�

11. Dahmani, L., & Bohbot, V. D. (2020). Habitual use of GPS negatively impacts spatial 
PHPRU\�GXULQJ�VHOI�JXLGHG�QDYLJDWLRQ��6FLHQWLȴF�5HSRUWV������������KWWSV���GRL�
org/10.1038/s41598-020-62877-0 

12. Dey, A., Billinghurst, M., Lindeman, R. W., & Swan, J. E. (2018). A systematic review of 10 
\HDUV�RI�DXJPHQWHG�UHDOLW\�XVDELOLW\�VWXGLHV�������WR�������)URQWLHUV�LQ�5RERWLFV�DQG�$Ζ��
��������Ȃ����KWWSV���GRL�RUJ���������IUREW�����������

13. Derks-Dijkman, Z., Schaefer, R. S., & Kessels, R. P. C. (2023). Rhythmic mnemonics improve 
ZRUNLQJ�PHPRU\�LQ�\RXQJ�DQG�ROGHU�DGXOWV��$�WHPSRUDO�SURFHVVLQJ�SHUVSHFWLYH��0HPRU\�
	�&RJQLWLRQ������������������KWWSV���GRL�RUJ���������V����������������\

14. 'HUNV�'LMNPDQ��=���6FKDHIHU��5��6���	�.HVVHOV��5��3��&����������0XVLF�DV�D�WHPSRUDO�VFDROG�
IRU�PHPRU\�LQ�$O]KHLPHUȇV�GHPHQWLD��$�UHYLHZ��)URQWLHUV�LQ�$JLQJ�1HXURVFLHQFH����������
�����KWWSV���GRL�RUJ���������IQDJL�����������

15. Ekstrom, A. D., Arnold, A. E. G. F., & Iaria, G. (2014). A critical review of the use of virtual 
UHDOLW\�LQ�QHXURSV\FKRORJ\��1HXURSV\FKRORJ\������������������KWWSV���GRL�RUJ���������
neu0000052

16. Farran, E. K., Courbois, Y., Van Herwegen, J., & Blades, M. (2015). How useful are 
landmarks when learning a route in a virtual environment? Evidence from typical 
development and Williams syndrome. Journal of Experimental Child Psychology, 134, 21-
����KWWSV���GRL�RUJ���������M�MHFS������������

17. Faryadras, F., Burles, F., Iaria, G., & Davidsen, J. (2024). Increased inter-network 
connectivity in developmental topographical disorientation. Journal of Cognitive 
1HXURVFLHQFH������������������KWWSV���GRL�RUJ���������MRFQBDB�����

18. Hegarty, M. (2010). Chapter 7 - Components of spatial intelligence. In B. H. Ross (Ed.), The 
3V\FKRORJ\�RI�/HDUQLQJ�DQG�0RWLYDWLRQ��9RO������SS������������(OVHYLHU�6FLHQFH��KWWSV���GRL�
org/10.1016/S0079-7421(10)52007-3 

19. +LJEHH��.��/����������<RXU�PHPRU\��+RZ�LW�ZRUNV�DQG�KRZ�WR�LPSURYH�LW���QG�HG����0DUORZH�
& Company.

20. Iaria, G., Arnold, A. E., Burles, F., Liu, I., Slone, E., Barclay, S., ... & Levy, R. M. (2014). 
Developmental topographical disorientation and decreased hippocampal functional 
FRQQHFWLYLW\��+LSSRFDPSXV���������������������KWWSV���GRL�RUJ���������KLSR������

21. ΖDULD��*���	�%DUWRQ��-��-��6���������$SULO������'HYHORSPHQWDO�WRSRJUDSKLFDO�GLVRULHQWDWLRQ��
A newly discovered cognitive disorder. Experimental Brain Research, 206, 189–196. 
6SULQJHU��KWWSV���GRL�RUJ���������V����������������

22. Iaria, G., Bogod, N., Fox, C. J., & Barton, J. J. (2009). Developmental topographical 
GLVRULHQWDWLRQ��&DVH�RQH��1HXURSV\FKRORJLD����������������KWWSV���GRL�RUJ���������M�
neuropsychologia.2008.08.021

23. Iaria, G., & Burles, F. (2016, October). Developmental Topographical Disorientation. Trends 
LQ�&RJQLWLYH�6FLHQFHV�������������������KWWSV���GRL�RUJ���������M�WLFV������������

24. ΖDULD��*���	�%XUOHV��)����������'HYHORSPHQWDO�WRSRJUDSKLFDO�GLVRULHQWDWLRQ��$�GHFDGH�RI�
UHVHDUFK��1DWXUH�5HYLHZV�1HXURVFLHQFH��KWWSV���GRL�RUJ���������V���������������\

25. ΖVKLNDZD��7���	�0RQWHOOR��'��5����������6SDWLDO�NQRZOHGJH�DFTXLVLWLRQ�IURP�GLUHFW�H[SHULHQFH�
LQ�WKH�HQYLURQPHQW��ΖQGLYLGXDO�GLHUHQFHV�LQ�WKH�GHYHORSPHQW�RI�PHWULF�NQRZOHGJH�DQG�
WKH�LQWHJUDWLRQ�RI�VHSDUDWHO\�OHDUQHG�SODFHV��&RJQLWLYH�3V\FKRORJ\�����������Ȃ�����KWWSV���
doi.org/10.1016/j.cogpsych.2005.08.003

26. .HRJK��5���	�3HDUVRQ��-����������7KH�EOLQG�PLQG��1R�VHQVRU\�YLVXDO�LPDJHU\�LQ�DSKDQWDVLD��
&RUWH[��������������KWWSV���GRL�RUJ���������M�FRUWH[������������

27. Kray, C. (2003). Situated interaction on spatial topics. GMD – Forschungszentrum 
Informationstechnik GmbH.

28. Lynch, K. (1960). The image of the city. MIT Press.

29. 0DUTXDUGW��*����������:D\ȴQGLQJ�IRU�SHRSOH�OLYLQJ�ZLWK�GHPHQWLD��'HPHQWLD������������
�����KWWSV���GRL�RUJ��������������������������

30. McLaren-Gradinaru, M., Burles, F., Dhillon, I., Retsinas, A., Umiltà, A., Hannah, J., Dohlan, 
.���	�ΖDULD��*����������$�QRYHO�WUDLQLQJ�SURJUDP�WR�LPSURYH�KXPDQ�VSDWLDO�RULHQWDWLRQ��
3UHOLPLQDU\�ȴQGLQJV��)URQWLHUV�LQ�+XPDQ�1HXURVFLHQFH������������KWWSV���GRL�RUJ���������
fnhum.2020.00005

31. 0ROOHUXS��3����������:D\VKRZLQJ�!�:D\ȴQGLQJ��%DVLF�DQG�LQWHUDFWLYH��/DUV�0¾OOHU�
Publishers.

32. 0RQWHOOR��'��5����������6SDWLDO�FRJQLWLRQ�DQG�DUFKLWHFWXUDO�VSDFH��5HVHDUFK�SHUVSHFWLYHV��ΖQ�
G. Franck & A. Kohlhase (Eds.), Cognitive psychology of architectural space (pp. 147-175). 
Birkhäuser.

33. 0RQWHOOR��'��5���/RYHODFH��.��/���*ROOHGJH��5��*���	�6HOI��&��0����������6H[�UHODWHG�GLHUHQFHV�
and similarities in geographic and environmental spatial abilities. Annals of the 
$VVRFLDWLRQ�RI�$PHULFDQ�*HRJUDSKHUV������������Ȃ�����KWWSV���GRL�RUJ��������������
5608.00160

34. 1HWZRUN�5DLO����������'HVLJQ�0DQXDO��:D\ȴQGLQJ��15�*1�&Ζ9����������1HWZRUN�5DLO��
KWWSV���ZZZ�QHWZRUNUDLO�FR�XN

35. Palermo, L., Piccardi, L., Bianchini, F., Nemmi, F., Giorgio, V., Incoccia, C., Sabatini, 
U., & Guariglia, C. (2014, April). Looking for the compass in a case of developmental 
WRSRJUDSKLFDO�GLVRULHQWDWLRQ��D�EHKDYLRUDO�DQG�QHXURLPDJLQJ�VWXG\��-RXUQDO�RI�&OLQLFDO�DQG�
([SHULPHQWDO�1HXURSV\FKRORJ\������������Ȃ�����(SXE��KWWSV���GRL�RUJ������������������
2014.904843 

36. 3DVVLQL��5����������:D\ȴQGLQJ�LQ�DUFKLWHFWXUH��9DQ�1RVWUDQG�5HLQKROG�

37. 3HUURWWD��*���������-XO\������$JQRVLD��'HȴQLWLRQ��FOLQLFDO�FRQWH[WV��QHXURELRORJLFDO�SURȴOHV�



114 115

DQG�FOLQLFDO�WUHDWPHQWV��$UFK�*HURQWRO�*HULDWU�5HV�����������������3HHUWHFK]��KWWSV���GRL�
org/10.17352/aggr.000023

38. Piccardi, L., Palmiero, M., Boccia, M., Verde, P., & Nori, R. (2022). Where am I? A snapshot of 
developmental topographical disorientation among young Italian adults. PLOS ONE, 17(3), 
H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

39. 3VDWKDV��*����������7KH�VWXG\�RI�QDYLJDWLRQ��-RXUQDO�RI�1DYLJDWLRQ������������������KWWSV���
doi.org/10.1017/S0373463300036820

40. Rusconi, E., Burles, F., & Iaria, G. (2021). Functional connectivity in developmental 
WRSRJUDSKLFDO�GLVRULHQWDWLRQ��%UDLQ�&RQQHFWLYLW\������������������KWWSV���GRL�RUJ���������
brain.2020.0801

41. 6W¸IVHO��0����������&ODULȴFDWLRQ�RI�'HYHORSPHQWDO�7RSRJUDSKLFDO�'LVRULHQWDWLRQ��'7'���
$�UHGHȴQLWLRQ�RI�GLDJQRVWLF�FULWHULD��/HLGHQ�8QLYHUVLW\�6WXGHQW�5HSRVLWRU\��KWWSV���
studenttheses.universiteitleiden.nl/handle/1887/3769393

42. 9DQ�%RHLMHQ��$���'DDOKXL]HQ��-���=LMOVWUD��-���	�YDQ�GHU�6FKRRU��5����������'HOIW�'HVLJQ�*XLGH��
Design strategies and methods. BIS Publishers.

43. van der Ham, I. J. M., & Claessen, M. H. G. (2016). Developmental topographical 
GLVRULHQWDWLRQ��ΖQWHJUDWLQJ�FXUUHQW�NQRZOHGJH�LQWR�D�QRYHO�IUDPHZRUN��1HXURVFLHQFH�	�
%LREHKDYLRUDO�5HYLHZV���������������KWWSV���GRL�RUJ���������M�QHXELRUHY�������������

44. van der Ham, I. J. M., Claessen, M. H. G., Evers, A. W. M., & van der Kuil, M. N. A. (2020). 
/DUJH�VFDOH�DVVHVVPHQW�RI�KXPDQ�QDYLJDWLRQ�DELOLW\�DFURVV�WKH�OLIHVSDQ��6FLHQWLȴF�5HSRUWV��
����������������KWWSV���GRL�RUJ���������V������������������

45. van der Ham, I. J. M., & Claessen, M. H. G. (2024 - Unpublished manuscript). Always getting 
ORVW��'HȴQLQJ�GHYHORSPHQWDO�WRSRJUDSKLFDO�GLVRULHQWDWLRQ�Ȃ�D�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ��
Leiden University, Department of Health Medical and Neuropsychology.

46. Victorian Aboriginal Heritage Council. (2016). Toward the municipal mapping of traditional 
$ERULJLQDO�ODQG�XVH��'HDGO\�6WRU\��KWWSV���GHDGO\VWRU\�FRP�LFPVBGRFV�������B7RZDUGB
the_Municipal_Mapping_of_Traditional_Aboriginal_Land_Use.pdf

47. :DOODFH��:��7����������0HPRU\�IRU�PXVLF��(HFW�RI�PHORG\�RQ�UHFDOO�RI�WH[W��-RXUQDO�RI�
([SHULPHQWDO�3V\FKRORJ\��/HDUQLQJ��0HPRU\��DQG�&RJQLWLRQ��������������������KWWSV���GRL�
org/10.1037/0278-7393.20.6.1471

Appendix 1:
Technology for DTD diagnostics.

/HLGHQ�1DYLJDWLRQ�WHVW

7KLV�QDYLJDWLRQ�WHVW�ZDV�GHYHORSHG�E\�D�WHDP�RI�VFLHQWLVWV�IURP�/HLGHQ�8QLYHUVLW\�DQG�80&�8WUHFKW�OHG�E\�YDQ�GHUb
+DP��HW�DO���WR�GHWHFW�QDYLJDWLRQDO�FRJQLWLYH�LPSDLUPHQW�WKURXJK�WKH�DQDO\VLV�RI�XQGHUSHUIRUPDQFH�LQ�QDYLJDWLRQDOb
DQG�RULHQWDWLRQ�WDVNV�FRPSDUHG�WR�������VXEMHFWV�ZLWK�QR�HYLGHQFH�RI�QDYLJDWLRQ�LPSDLUPHQW��7KLV�WHVW�FRPSDUHVb
the results divided by age, sex and educational level achieved. After watching a ȴUVW�SHUVRQ�SHUVSHFWLYH�RI�Db
person walking in an unknown environment, the participant has to answer the questions shown below:

/DQGPDUN�UHFRJQLWLRQ

/RFDWLRQ���HJRFHQWULF

/RFDWLRQ���DOORFHQWULF

3DWK���URXWH

3DWK���VXUYH\

$VVHVVHV�WKH�DELOLW\�WR�SURFHVV��VWRUH�DQG�UHFRJQL]H�UHOHYDQWb
ODQGPDUNV�LQ�WKH�HQYLURQPHQW��7KLV�DELOLW\�LV�YLWDO�IRU�RULHQWDWLRQ�DQGb
QDYLJDWLRQ�LQ�ERWK�IDPLOLDU�DQG�XQIDPLOLDU�HQYLURQPHQWV�b

&RQFHUQV�WKH�DELOLW\�WR�SRLQW�WR�WKH�HQGSRLQW�RI�WKH�URXWH�VWDQGLQJ�DWb
WKH�ORFDWLRQ�RI�D�SDUWLFXODU�ODQGPDUN��ΖQ�WKLV�ZD\��NQRZOHGJH�RI�WKHb
UHODWLYH�SRVLWLRQV�RI�ODQGPDUNV�LV�PHDVXUHG�EDVHG�RQ�WKH�SHUVSHFWLYHb
IURP�WKH�URXWH�LWVHOI��7KLV�DELOLW\�LV�UHDOWHG�WR�VHQVH�RI�GLUHFWLRQ�b

Concerns the strategy to ȴQG�WKH�ZD\�E\�XVLQJ�D�PHQWDO�PDS�RI�WKHb
HQYLURQPHQW��IURP�D�ELUG
V�H\H�YLHZ���7KLV�VXEWHVW�DGGUHVVHV�WR�ZKDWb
H[WHQW�WKH�SDUWLFLSDQW�LV�DEOH�WR�LQGLFDWH�WKH�SRVLWLRQV�RI�UHOHYDQWb
ODQGPDUNV�ZLWKLQ�D�PDS�RI�WKH�HQYLURQPHQW�b

A particular strategy for navigation is to remember speciȴF�URXWHV��ΖQb
WKLV�UHVSHFW��LW�FDQ�EH�KHOSIXO�WR�UHPHPEHU�LQIRUPDWLRQ�DERXW�WKHb
DFWLRQV��L�H���OHIW��VWUDLJKW�DKHDG��ULJKW��WKDW�DUH�UHTXLUHG�DW�Db
SDUWLFXODU�ODQGPDUN��7KLV�VXEWHVW�LV�FRQFHUQHG�ZLWK�PHDVXULQJ�WKLVb
DELOLW\�b

0HDVXUHV�WKH�NQRZOHGJH�RI�KRZ�ORFDWLRQ�DUH�FRQQHFWHG�UHDOWLYH�WRb
HDFK�RWKHU�ZLWKLQ�WKH�HQYLURQPHQW��7KLV�DELOLW\�UHOLHV�RQ�KDYLQJ�Db
PHQWDO�PDS�DQG�LV�LPSRUWDQW�IRU�KDYLQJ�D�VHQVH�RI�GLUHFWLRQ��:KLOHb
/RFDWLRQ���DOORFHQWULF�LV�DERXW�UHODWLYH�ORFDWLRQV�RI�ODQGPDUNV��3DWK��b
VXUYH\�FRQFHUQV�WKH�SDWKV�ZKLFK�FRQQHFW�WKHVH�ORFDWLRQV�b

7KH�UHVXOWV�RI�WKLV�WHVW�FDQ�VKRZ�DQ�LQGLFDWLRQ�RI�'HYHORSPHQWDO�7RSRJUDSKLFDO�'LVRULHQWDWLRQb
based on the results of speciȴF�WDVNV��+LJKHU�VFRUHV�RQ�/DQGPDUN�5HFRJQLWLRQ�DQG�/RFDWLRQ��b
HJRFHQWULF�FRPSDUHG�WR�ORZHU�VFRUHV�RQ�WKH�UHVW�RI�WKH�WDVNV�FDQ�EH�LQWHUSUHWHG�DV�WKHb
SDUWLFLSDQW�UHO\LQJ�PDLQO\�RQ�LWV�RZQ�SHUVSHFWLYH�WR�QDYLJDWH�WKH�HQYLURQPHQW��7KH�WUDQVODWLRQb
from an egocentric to an allocentric point of view is usually where DTD participants struggle.

:D\ILQGLQJ�4XHVWLRQQDLUH
2ULJLQDOO\�GHYHORSHG�E\�BBBB�LQ������WR�DVVHVV�WKH�VXEMHFWLYHb
QDYLJDWLRQ�FRPSODLQWV�RQ�VWURNH�SDWLHQWV��WKLV�TXHVWLRQQDLUHb
allows the detection of navigational diɝFXOWLHV�E\�VHOI�UHSRUW�b
7KLV�FOLQLFDOO\�YDOLGDWHG�WRRO�DOORZV�D�SRVVLEOH�GHWHFWLRQ�RIb
DTD based on the participant's self evaluation.

de Rooij, N. K., Claessen, M. H. G., van der Ham, I. J. M., Post, M. W. M., & Visser- Meily, J. M. A. (2019). The WayȴQGLQJ�4XHVWLRQQDLUH��$�FOLQLFDOO\�XVHIXOb
self- UHSRUW�LQVWUXPHQW�WR�LGHQWLI\�QDYLJDWLRQ�FRPSODLQWV�LQ�VWURNH�SDWLHQWV�b1HXURSV\FKRORJLFDO�UHKDELOLWDWLRQ�b�����������Ȃ�����b
https://doi.org/10.1080/09602011.2017.1347098

The Wayȴnding Questionnaire measures 3 subscales:

1DYLJDWLRQ�	�2ULHQWDWLRQ�b0HDVXUHV�WKH�SDUWLFLSDQW
Vb
subjective estimate of their ability to navigate (ȴQG�WKHLUb
way around) and orient.

6SDWLDO�$Q[LHW\�b0HDVXUHV�WKH�SDUWLFLSDQW
V�VXEMHFWLYHb
GHJUHH�RI�WHQVH�DQG�DQ[LRXV�IHHOLQJV�H[SHULHQFHG�ZKHQb
navigating in both familiar and unfamiliar environments.

'LVWDQFH�(VWLPDWLRQ�b0HDVXUHV�WKH�SDUWLFLSDQW
Vb
subjective ability to estimate distances, a speciȴF�DELOLW\b
that can contribute to accurate navigation.

Example of results
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Appendix 2:
áùǟǰűĝōűĿ�ƸĤĖŇűżŦżĿǟ҅

3URGXFW�QDPH�	�LPDJH Description Type of support 
provided

Reference

WeWalk smart cane

The smart cane project is designed to assist visually impaired 
individuals with navigation through features like enhanced obstacle 
detection via haptic feedback and an intelligent AI voice assistant. It 
RHUV�HɝFLHQW�URXWH�SODQQLQJ��LQWHJUDWHV�SXEOLF�WUDQVSRUWDWLRQ�GDWD�
�YLD�0RRYLW���DQG�SURYLGHV�ORZ�YLVLRQ�PDSSLQJ��ZKLOH�DOVR�LQFRUSRUDWLQJ�
information about neighborhood landmarks to improve interaction 
with the surroundings.

Automatic, semi 
automatic, manual

KWWSV���ZHZDON�LR�HQ�
product/

Aira

A service connects visually impaired users with agents who assist in 
QDYLJDWLRQ�YLD�YLGHR�FDOOV��SURYLGLQJ�YLVXDO�LQWHUSUHWLQJ�WR�PDNH�YLVXDO�
LQIRUPDWLRQ�DFFHVVLEOH��$JHQWV�YHUEDOO\�GHVFULEH��H[SODLQ��DQG�QDYLJDWH�
LQ�UHDO�WLPH�IRU�EOLQG�RU�ORZ�YLVLRQ�XVHUV��RHULQJ�HVVHQWLDO�JXLGDQFH�
through verbal communication. This service enables visually impaired 
individuals to access critical visual details and navigate environments 
PRUH�HHFWLYHO\�

Automatic KWWSV���DLUD�LR�

Microsoft soundscapes

$�PRELOH�DSS�RHUV�DXGLR�FXHV�WR�KHOS�YLVXDOO\�LPSDLUHG�XVHUV�QDYLJDWH��
)HDWXUHV�LQFOXGH�D��'�VWUHHW�SUHYLHZ��XVHU�SODFHG�EHDFRQV��DQG�PRGHV�
like "Around Me" and "Ahead of Me" to identify nearby points of 
LQWHUHVW��ΔW�FRQQHFWV�WR�ZLUHOHVV�HDUEXGV�ZLWK�D�J\URVFRSH�IRU�UHDO�WLPH�
RULHQWDWLRQ�DQG�SURYLGHV�SUR[LPLW\�DOHUWV�WR�ODQGPDUNV��7KH�DSS�DOVR�
JLYHV�LQIRUPDWLRQ�RQ�ORFDO�DFWLYLWLHV�DORQJ�WKH�URXWH��HQKDQFLQJ�WKH�
QDYLJDWLRQ�H[SHULHQFH�

Automatic, semi 
automatic, manual

KWWSV���ZZZ�PLFURVRIW�
com/en-us/research/
product/soundscape/

OpenStreetMap

OpenStreetMap is a place for mapping things that are both real and 
FXUUHQW���LW�LQFOXGHV�PLOOLRQV�RI�EXLOGLQJV��URDGV��DQG�RWKHU�GHWDLOV�DERXW�
SODFHV��<RX�FDQ�PDS�ZKDWHYHU�UHDO�ZRUOG�IHDWXUHV�DUH�LQWHUHVWLQJ�WR�
you.
:KDW�LW�GRHVQ
W�LQFOXGH�LV�RSLQLRQDWHG�GDWD�OLNH�UDWLQJV��KLVWRULFDO�RU�
K\SRWKHWLFDO�IHDWXUHV��DQG�GDWD�IURP�FRS\ULJKWHG�VRXUFHV��8QOHVV�\RX�
KDYH�VSHFLDO�SHUPLVVLRQ��GRQ
W�FRS\�IURP�RQOLQH�RU�SDSHU�PDSV�

Manual KWWSV���ZZZ�
openstreetmap.org/

Bitlab

%OLWDE�LV�DQ�$QGURLG�WDEOHW�ZLWK�D�VPDUW�%UDLOOH�VXUIDFH��IHDWXULQJ����
URZV�RI������GRW�%UDLOOH�FHOOV��ΔW�DOORZV�XVHUV�WR�UHDG�PDSV�LQ�%UDLOOH��
while the bottom portion operates as a regular Android screen for 
DSSV��(TXLSSHG�ZLWK�:L�)L�DQG�%OXHWRRWK��%OLWDE�RHUV�D�XQLTXH�ZD\�
WR�LQWHUDFW�ZLWK�ERWK�WDFWLOH�FRQWHQW�DQG�GLJLWDO�DSSOLFDWLRQV��SURYLGLQJ�
inspiration for accessible navigation technologies.

Manual KWWSV���ZZZ�SHUNLQV�
org/resource/blitab-
android-tablet-14-row-
braille-display/

Touch Mapper

7RXFK�0DSSHU�LV�D�GLHUHQW�ZD\�RI�VKRZLQJ�QDYLJDWLRQ�EXW�QRW�D�QDYL�
JDWLRQ�GHYLFH�LWVHOI��RQO\�IRU�LQVSLUDWLRQ
A 3D representation of the street

Manual KWWSV���WRXFK�PDSSHU�
org/en/

TomTom

7RP7RP�*36�GHYLFHV�DQG�VRIWZDUH�WKDW�SURYLGH�UHDO�WLPH�WUDɝF�LQIRU�
PDWLRQ�DQG�URXWH�JXLGDQFH�IRU�GULYHUV��F\FOLVWV��DQG�SHGHVWULDQV��ΔW�DOVR�
RHUV�GLJLWDO�PDSV��ORFDWLRQ�EDVHG�VHUYLFHV��DQG�QDYLJDWLRQ�VROXWLRQV�
IRU�PRELOH�DSSV��DXWRPRWLYH��DQG�HQWHUSULVH�XVH�

Automatic, semi 
automatic

KWWSV���DLUD�LR�

3URGXFW�QDPH�	�LPDJH Description Type of support 
provided

Reference

MapsPeople

0DSV3HRSOH�KDV��'�	��'�PDSV�RI�LQGRRU�VSDFHV��RQO\�RQ�UHTXHVW�E\�
DQ�RUJDQL]DWLRQ��LW�GRHVQ
W�GLUHFW�ZKHUH�WR�JR�

Manual KWWSV���ZZZ�PDSVSHR-
ple.com/mapsindoors

Pointr

3RLQWU�SURYLGHV��'�DQG��'�LQGRRU�PDSV�RQ�UHTXHVW�IURP�RUJDQL]DWLRQV��
RHULQJ�SUHFLVH�QDYLJDWLRQ�ZLWKLQ�LQGRRU�VSDFHV��7KHLU�VROXWLRQ�XVHV�
Bluetooth Low Energy (BLE) technology for an accurate "blue dot" navi�
JDWLRQ�H[SHULHQFH��ZKLFK�UHTXLUHV�PLQLPDO�XVHU�VHWXS�DQG�LV�VFDODEOH�

Semi automatic KWWSV���ZZZ�SRLQWU�
tech/solutions/loca-
tion-based-services/
indoor-positioning

Visation (biomedical student 
project)

:HDUDEOH�QDYLJDWLRQ�EDQG�IRU�WKH�EOLQG��XQLYHUVLW\�VWXGHQW�SURMHFW Automatic for 
object detection
Manual for orien-
tation

KWWSV���ZZZ�EPH�
cornell.edu/spotlights/
wearable-navigation-de-
vice-blind

Wearworks

Haptic app and armband for the blind. Vibrates when the user deviates 
IURP�WKH�GLUHFWLRQ��RQO\�ZRUNV�RXWGRRUV

Automatic KWWSV���ZZZ�\RXWXEH�
FRP�ZDWFK"DSS GHVN-
WRS	Y \M�N=4E24OF

MIT navigation device for the blind

9LEUDWHV�ZKHQ�WKH�XVHU�LV�IDFLQJ�DQ�REVWDFOH��IURP�WKH�0Δ7�&RPSXWHU�
6FLHQFH�DQG�$UWLȴFLDO�LQWHOOLJHQFH�ODE

Automatic for 
object detection
Manual for orien-
tation

KWWSV���ZZZ�\RXWXEH�
FRP�ZDWFK"Y 5�3MEN-
9w2Jk

Sewio

Sewio indoor visualization system (beacons)  2D & 3D maps of indoor 
VSDFHV�DQG�REMHFWV�LQ�LW��ZLWK�PRYHPHQW�WUDFNLQJ���RQO\�RQ�UHTXHVW�E\�
DQ�RUJDQL]DWLRQ�

Semi automatic KWWSV���ZZZ�VHZLR�QHW�
indoor-location-track-
ing-and-positioning/

Averos Navibees

$YHURV�1DYLEHHV��LQGRRU�QDYLJDWLRQ�V\VWHP���'�	��'�PDSV�RI�LQGRRU�
VSDFHV�DQG�WKH�PRYHPHQW�ZLWKLQ��RQO\�RQ�UHTXHVW�E\�DQ�RUJDQL]DWLRQ��LW�
does direct where to go

Semi automatic KWWSV���DYHURV�FRP�
solutions/navibees/

Geocaching

5HDO�ZRUOG�WUHDVXUH�KXQWV��8VXDOO\�UHO\�RQ�PDSV�EXW�VRPHWLPHV�KDYH�
alternative ways of directing users towards a destination.

Semi automatic KWWSV���ZZZ�JHRFDFK-
ing.com/blog/2018/03/
what-is-geocaching/

:D\ȴQGLQJ�)DVKLRQ

Bluetooth enabled clothing with haptic feedback to give directions. 
8UEDQ�ZD\ȴQGLQJ�MDFNHW�DQG�YLEUDWLQJ�VKRHV�IURP�(DV\-HW��

Automatic KWWSV���JHRDZHVRPH�
FRP�XUEDQ�ZD\ȴQG-
ing-jacket-navigate-fash-
ion/ 
KWWSV���ZZZ�ZLUHG�
com/2016/05/easy-jet-
sneakairs-smart-shoes/



118 119

Appendix 3:
áùǟǰűĝōűĿ�ĿǀōĝĤŦōűĤ�ùűùŦǟƪōƪ҅

Appendix 4:
Screener for participant recruitment.

6FUHHQLQJ�VXUYH\

4XHVWLRQQDLUH 6XPPDU\�RI�UHVXOWV

3HRSOH�ZLWK�GHPHQWLD�KDYH�VLPLODU�ZD\ȴQGLQJ�GLɝFXOWLHV�VLQFH�WKH\b�PD\�HQFRXQWHUb
JUHDW�GLɝFXOW\�LQ�UHWULHYLQJ�D�PHQWDO�YLVXDO�LPDJH�RI�D�SODFH�WKDW�WKH\�FDQQRW�VHH�b
UHQGHULQJ�WKHP�XQDEOH�WR�JHQHUDWH��PDLQWDLQ��DQG�XVH�D�FRJQLWLYH�PDS����0DUTXDUGW�b
������b�0DUTXDUGW��DIWHU�UHYLHZLQJ�H[LVWLQJ�VWXGLHV�RI�ZD\ȴQGLQJ�IRU�SHRSOH�OLYLQJ�ZLWKb
GHPHQWLD��SURSRVHG�WKH�IROORZLQJ�GHVLJQ�JXLGHOLQHV�

No need for new or higher skills.
The navigation of the ȵoor plan of a dementia- IULHQGO\�VHWWLQJ�VKRXOG�QRW�UHTXLUH�KLJKHU�VNLOOV��VXFK�DVb
reading and interpreting signage. A simple, clear layout of the ȵoor plan and well- deȴQHG��JHRPHWULFDOO\b
simple rooms are structural prerequisites to successful orientation and wayȴnding in nursing homes.

Allow visual access and overview.
%HFDXVH�RI�WKH�GHJHQHUDWLRQ�RI�WKHLU�EUDLQV��SHRSOH�ZLWK�GHPHQWLD�FDQQRW�PHQWDOO\�UHSUHVHQW�VSDWLDOb
VLWXDWLRQV�WKDW�WKH\�FDQQRW�VHH�GLUHFWO\��7KHUHIRUH��DOO�SODFHV�UHOHYDQW�WR�WKHP�VKRXOG�DOORZ�IRU�YLVXDOb
access, and it should be possible for them to oversee their entire immediate living environment.

5HGXFH�GHFLVLRQ�PDNLQJ��b
People should be led intuitively and not be required to choose from diHUHQW�RSWLRQV�WR�SODQ�D�URXWH��ΖI�Db
ȵRRU�SODQ�W\SRORJ\�WKDW�IHDWXUHV�FKDQJHV�LQ�WKH�GLUHFWLRQ�RI�WKH�FLUFXODWLRQ�V\VWHP�LV�WKH�RQO\�GHVLJQb
RSWLRQ�DW�D�VLWH��D�PHDQLQJIXO�UHIHUHQFH�SRLQW�VKRXOG�EH�LQFRUSRUDWHG��)XUWKHU��WR�LGHQWLI\�DQG�ORFDWHb
URRPV�ZLWK�D�VLPLODU�PHDQLQJ�RU�IXQFWLRQ��GLVWLQFWLRQV�LQ�VL]H��VKDSH��FRORU��DQG�OLJKWLQJ�PXVW�EHb
articulated.

ΖQFUHDVH�DUFKLWHFWXUDO�OHJLELOLW\�b
7KH�IXQFWLRQ�RI�URRPV�DQG�RWKHU�VSDFHV��DV�ZHOO�DV�WKH�EHKDYLRU�WKDW�LV�H[SHFWHG�DQG�DSSURSULDWH�WKHUH�b
FDQ�EH�PDGH�FOHDUO\�OHJLEOH�E\�PHDQV�RI�VL]H��SURSRUWLRQ��PDWHULDOV��DQG�IXUQLVKLQJV��ΖQ�WKLV�PDQQHU�b
GLVWLQFWLYH�SODFHV�WKDW�FDQ�EHWWHU�EH�PHPRUL]HG�DQG�ORFDWHG�DUH�FUHDWHG��WKXV�SURPRWLQJ�UHVLGHQWV
�VSDWLDOb
orientation and wayȴnding.

:KLOH�WKHVH�JXLGHOLQHV�DUH�VSHFLȴFDOO\�WDLORUHG�IRU�ZD\ȴQGLQJ�LQ�QXUVLQJ�KRPHV��WKH\�FDQ�DOVRb
EH�D�JXLGLQJ�SRLQW�IRU�DGDSWDWLRQV�WR�H[LVWLQJ�ZD\ȴQGLQJ�VWUDWHJLHV�IRU�WKH�JHQHUDOb
SRSXODWLRQ��PDNLQJ�WKHP�PRUH�DFFHVVLEOH�IRU�SHRSOH�ZLWK�'7'��8QOLNH�SHRSOH�OLYLQJ�ZLWKb
GHPHQWLD��SHRSOH�ZLWK�'7'�GR�QRW�KDYH�LPSDLUHG�ORJLF�RU�UHDVRQLQJ�DELOLWLHV�DQG�FDQ�OLYHb
KLJKO\�IXQFWLRQDO�OLYHV�ZLWK�QRUPDO�RU�KLJK�Ζ4V��7KHLU�VKDUHG�FKDOOHQJH�OLHV�LQ�YLVXDOL]LQJ�Db
PHQWDO�PDS�RI�WKHLU�HQYLURQPHQW��&RQVHTXHQWO\��ZKLOH�WKH\�FRXOG�EHQHȴW�IURP�VRPHb
VLPSOLȴFDWLRQ��LW�LV�QRW�QHFHVVDU\�WR�FRPSOHWHO\�HOLPLQDWH�QDYLJDWLRQ�GHFLVLRQV�RU�RYHUO\b
VLPSOLI\�WKHLU�HQYLURQPHQW��DV�WKH\�FDQ�VWLOO�DGDSW�DQG�GHYHORS�HHFWLYH�QDYLJDWLRQ�VWUDWHJLHV�

:D\ȴQGLQJ�IRU�GHPHQWLD�FRQVLGHUV�KRZ�WR�GHVLJQ�IRU�SHRSOHb
ZKR�FDQ
W�FUHDWH�D�PHQWDO�PDS�

WayȴQGLQJ�GHVLJQ�JXLGHOLQHVb
(Apelt & Crawford, 2007, 4)

���$QDO\]H�DFFHVV�SRLQWV�FRQVLGHULQJ�WKH�SK\VLFDOb
and aesthetic characteristics of the building or site.

2. Divide large- VFDOH�VLWHV�LQWR�GLVWLQFWLYH�VPDOOHUb
]RQHV�ZKLOH�PDLQWDLQLQJ�FRQQHFWLYLW\�DQG�D�VHQVHb
of place.

���2UJDQL]H�]RQHV�ZLWK�D�ORJLFDO�DQG�UDWLRQDOb
structure through a well- devised zonation plan.

���3URYLGH�IUHTXHQW�GLUHFWLRQDO�FXHV��HVSHFLDOO\�DWb
GHFLVLRQ�SRLQWV��IRU�FOHDU�QDYLJDWLRQ�LQ�ERWKb
directions.

���(QVXUH�GHFLVLRQ�SRLQWV�DUH�ORJLFDO��REYLRXV��DQGb
GLUHFWO\�UHODWHG�WR�WKH�VSDFH��ZLWK�FOHDU�VHTXHQFLQJb
and grouping of message signs.

6. Design a ȵH[LEOH�DQG�PHPRUDEOH�QDPLQJb
SURWRFRO�XVLQJ�FXOWXUDOO\�GLYHUVH�QDPHV�DQGb
symbols.

���8VH�D�FRQVLVWHQW��ORJLFDO�QDPLQJ�SURWRFRO�IRUb
master- SODQQHG�SODFHV�OLNH�KRVSLWDOV�RUb
educational institutions.

8. Ensure alpha- QXPHULF�FRGLQJ�V\VWHPV�DUHb
consistent, such as "building B, level 3, room 7."

���ΖQFRUSRUDWH�PXOWLSOH�ODQJXDJHV�RU�SLFWRJUDPVb
into the naming protocol.

����(QVXUH�VLJQV�DUH�SK\VLFDOO\�SODFHG��LQVWDOOHG�b
DQG�LOOXPLQDWHG�IRU�DOO�XVHUV
�YLVLELOLW\�DQGb
accessibility.

)URP�WKH�4XHHQVODQG�8QLYHUVLW\�RI�7HFKQRORJ\�LQ�$XVWUDOLD��5��$SHOW�DQG�-��&UDZIRUG�SURSRVHGb
WayȴQGLQJ�GHVLJQ�JXLGHOLQHV�FRQVLGHULQJ�LQFOXVLYH�GHVLJQ�DQG�WKH�SULQFLSOHV�RI�8QLYHUVDOb
Design. This list oHUV�D�YHU\�FRPSOHWH�FKHFNOLVW�WKDW�LQFOXGHV�UHFRPPHQGDWLRQV�IRU�VSDFHV�LQb
ZKLFK�SHRSOH�ZLWK�YDU\LQJ�ODQJXDJHV��DQG�YDULRXV�OHYHOV�RI�SK\VLFDO�DELOLWLHV�FDQ�QDYLJDWHb
through a physical environment.

:KLOH�WKHVH�JXLGHOLQHV�DUH�PDLQO\�WDUJHWHG�WRZDUGV�SK\VLFDO�VSDFHV��WKH\�VHUYH�DV�D�JRRGb
parting point for wayȴnding guidelines to be applied on technology.

1. Ensure app or website entry points are user- 
IULHQGO\�DQG�YLVXDOO\�DSSHDOLQJ��SURYLGLQJ�FOHDUb
access to primary functions and features.

Adaptation towards wayȴQGLQJ�WHFKQRORJ\b
design

���6HJPHQW�GLJLWDO�FRQWHQW�LQWR�VPDOOHU�VHFWLRQVb
ZKLOH�PDLQWDLQLQJ�ORJLFDO�FRQQHFWLRQV��HQVXULQJb
XVHUV�FDQ�HDVLO\�QDYLJDWH�WKURXJK�ODUJHb
amounts of information.

���ΖPSOHPHQW�LQWXLWLYH�LQIRUPDWLRQ�DUFKLWHFWXUHb
in digital platforms.

���8VH�QDYLJDWLRQDO�DLGV�OLNH�EUHDGFUXPEV�DQGb
arrows at key points.

���'HVLJQ�FOHDU��FRQWH[WXDOO\�UHOHYDQW�RSWLRQV�IRUb
seamless navigation.

���8VH�PHPRUDEOH��FXOWXUDOO\�UHOHYDQW�QDPHVb
and symbols in interfaces.

���0DLQWDLQ�FRQVLVWHQW�ODEHOLQJ�DFURVV�DOO�GLJLWDOb
systems.

8. Implement clear alpha- QXPHULF�FRGLQJ�IRUb
easy identiȴcation and retrieval.

���6XSSRUW�PXOWLSOH�ODQJXDJHV�DQG�XQLYHUVDOb
icons on digital platforms.

����'HVLJQ�YLVLEOH��DFFHVVLEOH�GLJLWDO�VLJQV�DQGb
notiȴcations.

WRb

ons
se
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Appendix 5:
Consent Form

Appendix 6:
0ǞƸĤűƪōżű�żľ�ĖùƪĤ�ƪƸǀĝǟ�JżżĿŦĤ�xùƟƪ

New table

Theme Summary Guideline

5HSUHVHQWDWLRQ��b
Navigation System

(JRFHQWULF�WR�$OORFHQWULFb
translation

Representation of the physical space should oHUb
HJRFHQWULF�WR�DOORFHQWULF�YLHZ�WUDQVODWLRQV��ZLWKb
DQ�LQGLFDWLRQ�RI�WKH�RULHQWDWLRQ�RI�WKH�XVHU�LQ�WKHb
physical space.

0DWFKLQJ�VWDWH�RIb
landmark

&XUUHQW�SK\VLFDO�VWDWH�RI�D�ODQGPDUN�VKRXOGb
PDWFK�LQ�ERWK�YLHZV�RI�WKLV�WUDQVODWLRQ��HJRFHQWULFb
- allocentric).

(JRFHQWULF�YLHZ�RI�UHSUHVHQWDWLRQ�VKRXOG�VKRZb
representation of landmarks as seen at eye level.

Eye- /HYHOb
representation

ΖQIRUPDWLRQ�SUHVHQWHGb
in segments

7KH�LQIRUPDWLRQ�VKRZQ�LQ�ERWK�YLHZV�VKRXOG�EHb
VHJPHQWHG�LQ�OHYHOV�RI�GHWDLO�DQG�RQO\�VKRZ�WKHb
most relevant information for navigation ȴrst.

7KH�V\VWHP�VKRXOG�LQGLFDWH�ZKHUH�WKH�XVHU�LVb
FXUUHQWO\�ORFDWHG�LQ�WKH�UHSUHVHQWDWLRQ�DQG�WKHb
physical space.

Indication of location

Matching orientation 7KH�FDUGLQDO�RULHQWDWLRQ�RI�WKH�UHSUHVHQWDWLRQb
should match the current one the user has.

$YRLG�LQLWLDO�PHQWDOb
rotation tasks

Mental rotation tasks should be avoided as a ȴUVWb
VWHS�WR�XQGHUVWDQG�WKH�WUDQVODWLRQ�EHWZHHQ�WKHb
allocentric and the egocentric view.

Location of wayȴQGLQJb
elements

The precise location of the wayȴQGLQJ�HOHPHQWVb
should be shown in the representation.

ΖQWHUSUHWDWLRQV�DGDSWHGb
to users mental map

The representation should oer diHUHQW�W\SHV�RIb
interpretations to ȴW�WKH�XVHUV
�PHQWDOb
representation.

&RQVLGHUDWLRQ�RI�XVHUb
navigation patterns

7KH�V\VWHP�VKRXOG�FRQVLGHU�XVHU�QDYLJDWLRQb
patterns and deȴQH�NH\�QRGHV�VXFK�DV�GHFLVLRQb
points according to that.

$SSURSLDWHb
DQQRXQFHPHQW�RIb
decision points

$QWLFLSDWLRQ�RI�GHFLVLRQ�SRLQWV�VKRXOG�EHb
DQQRXQFHG�RQFH�WKH�GHFLVLRQ�SRLQW�LV�YLVLEOH�RQb
WKH�KRUL]RQ�EXW�ZLWK�HQRXJK�WLPH�WR�DQWLFLSDWHb
the decision point.

Adapt to user 7KH�V\VWHP�VKRXOG�DGDSW�WR�WKH�XVHU
V�QDYLJDWLRQb
SDWWHUQ�LQ�WKH�FKRLFH�RI�ODQGPDUN�UHSUHVHQWDWLRQb
and routes preference.

ReaɝUPDWLRQ�WKDW�WKH�XVHU�LV�RQ�WKH�FRUUHFW�SDWKb
is encouraged.

ReaɝUPDWLRQ�RI�FRUUHFWb
path

#

S1

S3

S4

S5

S6

S2

S7

S8

S9

S10

S11

S12

S13

*0�VKRZV�VWHS�E\�VWHS�RIb
GLUHFWLRQV�LQ�ERWK�YLHZV�IRU�WKHb
person to previously study them

1RW�IXOO\�GRQH��VKRZ�WKH�FXUUHQWb
VWDWXV�RI�HDFK�ODQGPDUN�b
LQGLFDWLQJ�ZKHWKHU�LW
V�XQGHUJRLQJb
PDLQWHQDQFH�b

([DPSOH

Feedback from user $OORZ�XVHU�WR�JLYH�IHHGEDFN�RYHU�WKH�LQIRUPDWLRQb
and recommendations provided by the system.

7KH�XVHU�VKRXOG�QRW�QHHG�WR�VHH�WKHb
UHSUHVHQWDWLRQ�YLVXDOO\�LQ�RUGHU�WR�UHPHPEHU�WKHb
route to take, system should oHU�DOWHUQDWLYHb
representations for navigation.

Visual autonomy

(DV\�FRUUHFWLRQ�RIb
mistakes

ΖI�WKH�XVHU�GHYLDWHV�IURP�WKH�VHW�QDYLJDWLRQ�SDWKb
WKH\�VKRXOG�EH�DEOH�WR�HDVLO\�LGHQWLI\�WKH�PLVWDNHb
and be oered a solution to correct it.

S17

S18

S20

Reduce unnecessary decision making.5HGXFH�XQQHFHVDU\b
decision making

Provide levels of decision- making automation./HYHOV�RI�GHFLVLRQb
automation

7KH�V\VWHP�VKRXOG�SURYLGH�WKH�XVHU�ZLWKb
DGGLWLRQDO�LQIRUPDWLRQ�RYHU�WKH�LPSDFW�RQ�WKHb
route in case a decision needs to be made.

ΖQIRUP�LPSDFW�RIb
information

S14

S15

S16 *0�VKRZV�WKH�WLPLQJ�RI�HDFK�URXWHb
�EXW�GRHVQ
W�VKRZ���VKRUWHVW�URXWH�b
YV��VLPSOHVW�URXWH���5HOLHV�RQ�WKHb
YLVXDO��ΖQ�QDYLJDWLRQ�VHWWLQJV�WKHUHb
DUH�RSWLRQV�VXFK�DV��DYRLGLQJb
tolls" and "avoiding ferries".

GM oHUV�VWHS�E\�VWHSb
YLVXDOL]DWLRQV�LQ�WKH�SUHYLHZ��$OVR�b
shows wayȴQGLQJ�DV�VWRUH�VLJQV�LQb
WKH�PDSV�b

GM oHUV�WKH�RSWLRQ�LQ�VHWWLQJV�WRb
WXUQ�RQ��DOZD\V�IDFLQJ�QRUWK�b
option or follow user's orientation

*0�VKRZV�UHSUHVHQWDWLRQV�IURPb
an almost eye level.

*0�VKRZ�ZKHUH�\RX�DUH�DQG�WKHb
speciȴc direction you are facing

*0�KDV�WKH�RSWLRQ�WR�EORFN�VHOIb
URWDWLRQ�DQG�VWD\LQJ�DOZD\V�RQb
QRUWK��7KH�XVHU�FDQ�PDQLSXODWHb
WKH�RULHQWDWLRQ�RI�WKH�PDS�DOO�WKHb
WLPH��ΖW�DOVR�KDV�VWHS�E\�VWHSb
RULHQWDWLRQ�b

GM doens't show wayȴQGLQJb
HOHPHQWV�SHU�VH�VXFK�DV�VWUHHWb
VLJQV�EXW�LW�GRHV�VKRZ�WKH�SK\VLFDOb
DSSHDUDQFH�DQG�ORFDWLRQ�RIb
FHUWDLQ�ODQGPDUNV�b

GM shows diHUHQWb
UHSUHVHQWDWLRQV�EDVHG�RQ�ZKDW�WKHb
XVHU�QHHGV�WR�VHH��/HYHOV�RI�GHWDLOb
vary per representation.

?

*0�VKRZV�UHFHQWO\�VHDUFKHGb
places on the map

*0�VKRZV�WKH�GLVWDQFH�EHWZHHQb
WKH�XVHU�DQG�WKH�GHVLUHG�SDWK�b

ΖI�GHVLUHG��WKH�XVHU�FDQ�MXVW�IROORZb
WKH�LQVWUXFWLRQV��YLVXDO�DQGb
DXGLWLYH��ZLWKRXW�PDNLQJb
decisions.

GM oers diHUHQW�VHWWLQJV�RI�KRZb
RIWHQ�GR�\RX�ZDQW�WR�KHDUb
QDYLJDWLRQ�FXHV�b

While it doesn't have a speciȴFb
�Ζ
P�ORVW��EXWWRQ��XVHUV�FDQ�JLYHb
IHHGEDFN�RQ�ODQGPDUNV�DQGb
SURYLGH�DGGLWLRQDO�LQIRUPDWLRQb
VXFK�DV�SKRWRVb

*0�KDV�DXGLWLYH�FXHV�IRUb
navigation.

*0�VKRZV�DQ�DOWHUQDWLYH�ZD\�DVb
VRRQ�DV�WKH�XVHU�GHYLDWHV�IURP�WKHb
UHFRPPHQGHG�URXWHb

Egocentric - Allocentric translations

Settings

*0�FKDQJHV�WKH�OHYHO�RI�GHWDLOLQJb
VKRZQ�GHSHQGLQJ�RQ�KRZ�]RRPHGb
in the map the user is.

a
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Additionally, a direct comparison is made between Routes 1 and 2 in Figure 67.

• 9LVXDO�5HSUHVHQWDWLRQ��95�� In Route 1, participants relied less on visual cues when 
WKH�VRQJ�ZDV�SUHVHQW��HVSHFLDOO\�ZLWK�GLɝFXOW�ODQGPDUNV�OLNH�WKH�VWRQH�ZRPDQ��ΖQ�
contrast, Route 2 saw more consistent use of VR, though the bins song and street signs 
ZHUH�OHVV�HHFWLYH�

• 2UGHU�DQG�6HTXHQFLQJ� Route 2 had stronger reliance on order, especially with the 
ELQV�ODQGPDUN��ZKLOH�5RXWH���VXHUHG�IURP�DQ��RYHUVKDGRZLQJ��HHFW�DIWHU�WKH�IDQF\�
white house, causing participants to forget the next step.

• Words vs. Lyrics:�/\ULFV�ZHUH�PRUH�HHFWLYH�LQ�5RXWH����ZKHUH�SKUDVHV�OLNH��)UHGHULN�
LV�VR�YHU\�ORQJ��DQG��QRW�WKH�ȴUVW�DIWHU�WKH�SDUN��KHOSHG�JXLGH�SDUWLFLSDQWV��ΖQ�5RXWH����
confusing metaphors led to mistakes, and lyrics were not as helpful for remembering 
landmarks.

• Street Signs: Route 1 struggled with confusing street signs, while Route 2 improved 
VDOLHQF\�E\�XVLQJ�WKH�VWUHHW�VLJQ�IRU�)UHGHULN�PRUH�HHFWLYHO\�

• Map Visualization: %RWK�URXWHV�EHQHȴWHG�IURP�PDS�YLVXDOL]DWLRQ��ZLWK�5RXWH���XVLQJ�
it to navigate street sizes and Route 2 leveraging it to visualize landmarks not in the 
instructions, like the park.

Overall, Route 2 had stronger results in order and visual representation, while Route 1 
struggled with unclear lyrics and landmark retention in the map compared to the virtual 
environment, became an additional reference point even though it wasn’t part of the 
instructions. 

In summary, while both routes presented challenges, Route 2 (Frederik) was more 
successful in terms of order and visual representation, while Route 1 (Regentesse) struggled 
with lyric clarity and landmark retention. Both routes see improvements when the map is 
XVHG�DV�UHIHUHQFH�EXW�WKH\�ERWK�VXHUHG�HUURUV�IURP�WKH�RYHUVKDGRZLQJ�HHFW�RI�VDOLHQW�
landmarks and confusion caused by the visual landmarks and metaphors in the MMA.

)LJXUH�����:D\ȴQGLQJ�(OHPHQW�6DOLHQF\��FRPSDULVRQ�EHWZHHQ�URXWHV�

Appendix 7:
Additional comparisons of data.




