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Abstract

Individuals react differently when moving in urban spaces, as their senses are
distinctively activated. Their interpretations and how the built environment is
perceived result in different meanings. When studying public spaces, it is of utmost
importance to understand how residents and visitors construct images of the city,
by perceiving and appropriating urban spaces. In particular, this is decisive when
designing Pedestrian Wayfinding Systems (PWS) in urban areas.

Based on spatial cognition studies, this paper identifies and explores the main
aspects influencing the design of wayfinding systems. The study is structured in three
main parts. First, the article reviews literature on spatial cognition and human
behaviors. Second, it analyzes some reference cases considered good practices for
PWS, their implementation in contemporary public spaces, and their visual and
aesthetic forms of expression. Third, it develops a practical guide for designing a PWS
focused on end-users. More specifically, the research aims to support the
municipality of Porto in defining the tender specifications for the development of a
PWS, to be included in the future Integrated Signage and Information System.
Ultimately, this study proposes recommendations to improve pedestrian navigation
in the urban context and help decision-makers, designers, and urban planners
potentially create better wayfinding systems in the future.

Keywords. Spatial Cognition, Mental Mapping, Human Behavior, Wayfinding
Systems, Urban design and Planning.
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1. Introduction

Nowadays, the power of images cannot be ignored, especially their influence on human
perception and behavior in urban spaces. In this context, understanding the processes of
image-making, as people experience the city, is essential in the design of better wayfinding
systems for pedestrians. Thus, spatial cognition studies can provide important insights into
the user’s capacity to grasp key elements of the outside world and learn from their
surroundings, allowing them to navigate and find their way in different environments.

Urban spaces are inherently related to the activities that people perform in them, and also to
how they perceive and assimilate clues and signs of the urban landscape and build their
mental maps. It is essential to fully acknowledge these aspects, transcribing individual and
collective mental images into urban narratives, enabling a broader understanding of how this
process constitutes a subject's relationship with the city and how members of a community
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appropriate the places they use. Spatial cognition knowledge can be applied in the areas of
urban design and planning, encouraging individuals to become not only passive recipients, but
also actors directly involved in decision-making related to the public domain. Engaging
communities in designing and planning processes has been consensually recognized (Afdhal
et al. 2022; Frantzeskaki, Niki and Rok 2018; Turnhout et al. 2020) to lead to more meaningful
places, promoting a sense of belonging by bringing the population closer to the spaces they
use, enhancing the sense of community, and responding more effectively to their needs and
desires. Madden et al. (2000) argue that the current disciplinary and project-oriented
approach to public space planning should be replaced by an alternative, location-oriented and
community-based perspective. This paradigm shift enables active and continuous
participation of the population in urban projects, drawing from the immeasurable value of
existing local knowledge.

Thus, actors and agents responsible for urban design and planning, such as city planners and
municipal authorities, are more committed to support and engage the population in creating
and transforming their own spaces. Urban strategies around the world have been encouraging
inclusive and collaborative approaches, cross-sectoral partnerships, and innovative solutions
to achieve more sustainable, safe and attractive people-friendly spaces (Mach et al. 2020;
Puerari et al. 2018; Shirvani et al. 2022). When it comes to the requalification of public spaces,
urban policies have been strongly oriented to promote non-motorized mobility, such as
walking and cycling.

In particular, walking is fundamental as long as it is pleasant, free, and accessible to everyone.
In this context, pedestrian wayfinding systems (PWS) have been emerging as a new global
trend in terms of active mobility. Hence, aspects, such as urban form, people's spatial
behavior, and cognitive mapping (Couclelis et al. 1987), become essential study tools for the
definition of environmental components that facilitate the orientation process. Eslami (2019)
argued that measures of urban layout, e.g., integration, connectivity, visibility, and choice, can
predict the movement patterns of individuals and enhance their experience within the built
environment. This happens either in daily activities performed by its residents or in the first
contact of visitors with the place. Hence, the analysis of the subjective and material
dimensions that influence people's actions towards the city can help the development of
navigation tools for pedestrians and improve their wayfinding performance. The goal is to
encourage active pedestrian mobility in public spaces.

This article aims to explore the main aspects influencing the design of PWS based on spatial
cognition knowledge. First, we conduct a literature review on the subject. The second part of
this study is the analysis of successful worldwide reference cases of PWS. Their success is
mostly due to the application of mental mapping approaches in the design of PWS, with a
positive impact in public spaces through innovative, mainly user-oriented mobility solutions.
Finally, it addresses a request from the Porto municipality to make recommendations,
comprised in a practical guide, on how the Integrated Signage and Information Project (ISIP)
should be designed. The research was developed in close collaboration with the Division of
Requalification of Public Space of the municipality of Porto.

2. Literature Overview

The importance of Gordon Cullen’s series of essays and drawings for the Townscape
Casebook, (1949), followed by his book The Concise Townscape (1961), and Kevin Lynch’s
famous Image of the city (1960) to urbanism literature are undeniable. Cullen’s concept of
“serial vision” is fundamental to understand the pedestrian experience in the urban space. He
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argues that images provoke emotive responses in the subjects, engaging them to explore the
city. The changing views observed through bodily movements in the built environment allow
the human mind to create imagery representations of places. Thus, how people perceive and
interpret their surroundings influences pedestrian behavior.

Lynch (1960), in his well-known book, proposes an innovative method for addressing research
questions related to city form and cognitive mapping, influencing different disciplines such as
architecture, psychology, social geography, urban design and planning. Since then, Lynch's
work has become a reference for research and intervention practices in public space (Oséch
and Czapliiska 2019; Quercia 2016; Sakaja 2020; Stevens 2006), as it objectively explores the
complex interaction between individuals and their immediate surroundings. Besides, it
promotes a specific understanding of how people perceive and assimilate the components of
the built environment, transforming them into imagery representations full of sensory
information and meanings.

In his research, Lynch (1960) identified the spatial features of the urban space that people use
to structure their mental maps, and classified them into five groups: paths, edges, districts,
nodes, and landmarks. Also, for a city to be considered legible, these elements must be easily
recognizable, both separately and as a set, and have a coherent pattern. As an example, when
the form of a building reflects its function, there is legibility (Bentley 2015). Legibility emerges
as an essential quality in the urban layout, facilitating its readiness, allowing people to
construct a more accurate mental image of the real world.

Powerful images increase the likelihood of the user to build a clear and cohesive
representation of the urban realm in their minds. The image's capacity to awaken the senses
and generate meaning (practical or emotional) is essential to guide people moving in the built
environment, facilitating a more complete and intense experience in the city. Thus, a well-
formed city is memorable because it is legible (Lynch 1960). In this sense, personal
representations of the urban fabric are fundamental for the navigation task.

2.1. Spatial Cognition and human behaviors

The word cognition can be described as the mental capacity to process and transform
information into knowledge through personal and collective experiences and the senses
(Angus and Christine 2010). Cognitive skills involve imagining, observing, feeling, thinking,
remembering and perceiving (Gold 2004). Each individual has a different cognitive process
due to material and subjective factors that affect how they interact with the world. Thus, the
term “spatial cognition” emerges as a set of human cognitive skills linked to the acquisition
and processing of spatial knowledge. This capacity involves the generation, storage, and
retrieval of mental images, which, combined with motor and sensory systems, help people in
the task of recognizing and finding their way around (Montello et al. 1999). Perception,
sometimes mistaken for cognition, is the ability of the cognitive system. Its function is to
capture enough social and physical information from the environment, so that the human
brain can organize it, allowing the subject to make sense of their surroundings. That is to say,
the concepts of cognition and perception, although distinct in meaning (the first one being
much broader than the second), are both related to the human ability to acquire knowledge
of the surrounding physical environment (Eslami 2019). In the scope of spatial knowledge,
mental mapping and navigation, the two concepts have been used together in many studies
since the late ’'70s, with the increase of publications and citations in the social and
environmental sciences (Thorndyke and Hayes-Roth 1982; Ishikawa and Montello 2006;
Chrastil and Warren 2013).
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Sensory experience is an essential step for people to learn from the urban context, assimilate
its information, and understand mental images by giving them meanings. In this line of
thought, Figure 1 shows how environmental components impact on the users, establishing
connections that suggest ideas and create emotions.

Communication
Establishes a direct
Sensorial relationship with the user

Experience Meaning

. Reflection e
Perception Cognition
Urban Contex » P Proposesidess g * Mental Image

Emotion
Creates emotions

Figure 1: Process of creating mental images through sensorial experience in the
urban context.

The environmental layout shapes human behavior at the cognitive level, thus influencing how
one performs daily activities by, for example, choosing a route to a familiar place (Crucitti,
Latora and Porta 2006; Holscher et al. 2011; Mohamad and Said 2014; Peponis et al. 1998).

In this case, the tangible and intangible dimensions of the world intertwine, and the user or
subject, through physiological perception, enters a subjective dimension. Through their
cognitive abilities, they first process the information, and then understand how elements
interact with each other and as a whole, as if they were contemplating a map comprising a
range of mental images. In a way, human decisions and actions are the result of the emotions
and meanings attributed to the components of the built environment (Balaban et al. 2017;
Ferri and Popp 2022).

2.1.1.Main factors influencing people's choice and behavior

Images are complex places where the real, the imaginary, the symbolic, and the ideological
intertwine, creating constellations of meanings. It is the prerogative of all images to awaken
some emotion in the viewer. Nowadays, the image occupies a considerable space in
contemporary society, becoming as important as other languages that are part of our daily
lives. The image has the capacity to testify and expose the city.

In general, vision is not only related to the eyes. Some would say that it is also possible to see
through other senses, as environmental experiences derive from stimuli that the subject
perceives through the body as a whole. When reading spaces, the individual becomes capable
of transforming elements, such as shape, volume and perspective, into raw materials for
subjectivity. The representation of architecture and urbanism, even visual and symbolic,
exposes how people relate aesthetically to their surroundings.

A mental image is a representation of reality, constructed by human cognition through the
perception of stimuli at the place where the subject is. Through this image, they become
aware of their relationship with their surroundings. As people move around the city, different
meanings and importance are assigned to spatial elements within the urban context. This
hierarchy changes due to the parameters of the perceived object in relation to the observer:
its distance, size, color, shape, function, etc.

People become familiar with a given environment by exploring them through their senses
(sight, sound, smell, taste, and touch). Searching strategies and cognitive mapping abilities are
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fundamental to achieve environmental familiarity. Daily activities, the arrangement of spatial
elements, and the memories attached to them contribute to this factor. Multi-sensory spatial
experiences are imperative for meaning-making, which improves knowledge acquisition and
wayfinding performance (Bohme 2013; Dai and Zheng 2021; Hasse 2016; Wankhede and
Wahurwagh 2016).

The image encompasses a series of cultural parameters and individual differences. Also,
people apprehend and assimilate urban scenes in a personal way. This process is influenced
by social structures and is sensitive to feelings, emotions, and ideas. According to Ishikawa
and Montello (2006), people's cognitive maps and spatial behavior will always be different at
some level due to individual singularities. Thus, emotional and sensorial responses play an
important role in decision-making and route choice.

Environmental complexity is another factor that affects the cognitive ability of people to learn
from space and navigate in the city. It is related to the morphology of the place, local
specificities, position, characteristics, and articulation of urban elements, for example. Some
authors argued that spatial cues in complex city settings can be unclear and confusing. Hence,
the legibility of urban elements is crucial for users to become familiar with the environment
and find their way (Iftikhar et al. 2020; Eslami 2019, Lynch 1960). Finally, the literature
indicates that socio-demographic variables (such as income, ethnicity, gender and age) impact
people’s navigation preferences once they have distinct urban experiences and create
different mental maps (Montello., et al. 1999; Tournier et al. 2016).

Factors Description Author/Year
Environment familiarity Spatial cues, memories, daily Dai and Zheng 2021; Iftikhar et al.
activities 2020; Lynch 1960; Stea 2017; Holscher

et al. 2011; Eslami 2019; Golledge
2000; Xia et al. 2008.

Cultural and individual
differences

Social structure, emotions, ideas,
history, personality

Iftikhar et al. 2020; Ishikawa and
Montello 2006; Mark and Frank 1996;
Symonds et al. 2017.

Sensorial experience Visual, touch, sound, smell and taste Bille and Sorensen 2019; Dai and

Zheng 2021; Wankhede and

2013; Mark and Frank, 1996.

Wahurwagh 2016; Hasse 2016; Bohme

Environmental complexity

Morphology, local particularities,
organization and relationship of
urban elements in space, hierarchy
and scale

Iftikhar et al. 2020; Lynch 1960;
Hegarty et al. 2006; Pazzaglia 2003;
Miller 1956; Raubal and Egenhofer

1998.

Socio-demographic
characteristics

Income, ethnicity, gender, age,
occupation, housing status, and level
of education

Dai and Zheng 2021; Lynch 1960;
Montello., et al. 1999; Hannes et al.
2006; Tournier et al. 2016.

Table 1: Main factors influencing people's behavior when navigating the built environment.

Table 1 addresses the most relevant factors cited in the literature on spatial cognition. They
directly influence people's behavior when navigating the built environment, from the initial
perception and assimilation to the choice of route to reach a destination. It is noteworthy that
most factors are subjective and dependent on local specificities, and thus context-based and
difficult to measure. Nevertheless, parameters, such as environmental complexity, are mainly
dependent on the physical and material elements of the urban context.
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2.2. Pedestrian Wayfinding System (PWS)

Based on the previous understanding of the individual mental representations of urban
spaces, this section aims to further explore the task of navigating, more specifically wayfinding
systems.

Kevin Lynch was the first author to use the term “wayfinding” in his book Image of the city
(Lynch 1960). Ever since, it has been used in different areas of research and gained various
definitions. It can be described as “a generic navigation task of traveling from one location to
a specific destination” (Golledge 2000; Iftikhar et al. 2020; Ruddle and Lessels 2006). According
to Montello (2005), the navigation in urban spaces is not an easy task, involving bodily
movements around the immediate surroundings by using the motor and sensory systems, and
a planned action towards a desirable destination (Chersi and Burgess 2015; Epstein et al.
2017).

Wayfinding is both the practical action of traveling to a familiar/unfamiliar destination, and
just exploratory navigation (Golledge et al. 2000). It is the result of information processing
(environment perception and cognitive mapping), decision-making (selection of reference
points and path integration based on social aspects and spatial quality), and decision
execution (behavioral action — movement toward a destination) (Hunter et al. 2016; Passini
1984). In other words, wayfinding is the interrelationship between “seeing” and “going”
(Hillier 2003).

A pedestrian wayfinding system (PWS) encompasses a set of signs placed in the urban
environment, to guide the movement of people on foot. Such programs consider all elements
that constitute the city in terms of architecture, natural assets, private and public space
distribution, configuration and quality of urban entities, etc. Even sensory cues (such as
lighting and sound) play an essential role in the design of consistent and functional signage
schemes.

Moreover, these systems can play a relevant role in promoting active mobility and thus
contributing with benefits to local economy and city life (Lopez-Lambas, Sanchez, J. and
Alonso 2021; Salazar Miranda et al. 2021). More than just helping tourists to find major
destinations, high-quality navigation tools change the behavior of users, promoting walkability
for the city’s residents and visitors (Jabbari, Ahmadi and Ramos 2022; Keliikoa et al. 2018; Yun,
Kang, and Lee 2018). Therefore, a modal shift improves sustainability and public health,
encouraging exploration, longer stays in public spaces, and pedestrian traffic. It also increases
spatial knowledge and social interaction, which in turn contribute to building a more dynamic
and livable environment.

In the last decade, pedestrian signage systems have been recognized in many cities around
the world as an effective mechanism to encourage walkability (Candido 2017; Ryan and Hill
2022). When implemented consistently in an urban context, they can increase the number of
journeys made on foot, as well as the time people stay in places, potentially spending more
money and boosting local businesses. Clear and friendly information improves the navigator’s
experience in urban space and the spatial knowledge acquired. Mental images well
established in the human mind contribute to the generation of more effective cognitive maps,
ensuring greater freedom of movement due to increased environmental familiarity.

Wayfinding strategies help locals and tourists make the most of the city. In addition, a well-
connected system that facilitates modal shifting during a journey (from walking to public
transportation, for example) is more inclusive, as it allows more users to explore the city,
projecting the city’s image by making it more noticeable. Figure 2 summarizes the links
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between the main direct and indirect benefits that pedestrian wayfinding systems can provide
in urban contexts.

Wayfinding
Greater d
knowledge Increased Reduced car :::n:':::se
and walking use and g
exoploration congestion gas emissions
More
Repeat livable Longer Improved Irpprovgd
visits environment stays health air quality
Greqteir Economic
By ~OS 108 development
interaction

Figure 2: Benefits of implementing pedestrian wayfinding systems.

2.2.1. Implementation of PWS

PWS is a combination of coordinated signage systems (heads-up maps, directional signage,
hand-held maps, etc.) with similar design, strategically located in the city and focused on
encouraging people to walk. This approach was first developed in 2001 in Bristol, United
Kingdom, as part of the Building Legible Cities project (Kelly 2001). Since then, it has been
improved and applied by several cities in different countries, such as the United States,
Australia, or Ireland. This phenomenon became standard practice for the benefit of
pedestrians, recognizing their importance as indicators of public environment quality.

In March 2006, a study called Legible London (TfL and AIG 2007), conducted by the Applied
Information Group under the supervision of a Steering Group established by the Central
London Partnership (CLP), evaluated the benefits of implementing user-friendly guidance
systems to improve walkability in the city. In addition, other related research (Research
Business International 2002 and MORI study for the London Borough of Islington 2005, for
example) pointed out that although most routes were suitable for pedestrians, some needed
to be promoted for walking (TfL and AIG 2007).

Data presented in the Legible London report confirms that a well-planned signage system
makes visitors walk more around the city. It also increases the number of residents choosing
walking routes for their daily tasks, leading them to visit places more often and discover new
ones. In addition, using signage increases physical activity, improving human health and
environmental quality, and encouraging economic growth (TfL and AIG 2007).
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It is essential to deliver relevant information to travelers where needed. Hence, providing
accessible, effective, and connected navigation helps other modes of transport to improve the
user experience of the city, making tourist itineraries more attractive and facilitating
displacements related to the daily life of the local population. Wayfinding systems intend to
ensure the comfort and safety of these journeys, especially in complex environments such as
dense urban areas, where some information about the space is required to facilitate the
journey.

Mental mapping is considered an internal tool for wayfinding (Vandenberg 2016). It is an
individual and essential cognitive exercise that can lead to multiple interpretations of the
same place (Gardony et al. 2013). The sequence of images people generate and store in their
minds when exploring the city is crucial for defining route strategies. Hence, the repetition of
elements in the urban space can optimize long-term memory, facilitating the wayfinding
performance (Garling et al. 1981).

People use different navigation strategies to locate and orientate themselves in the city,
generally combining more than one tool in the wayfinding task (Chang 2015; Eslami 2019;
Iftikhar et al. 2020). The effectiveness of these tools is also a reflection of the urban
configuration, as route planning depends on the quality of urban elements and the
assimilation of information from the surrounding environment through cognitive abilities.
Examples of navigation tools are physical maps, asking people for directions, Global
Positioning Systems (GPS), and signage systems.

2.2.2. Approaches in designing and assessing Wayfinding Systems

Various studies have measured wayfinding performance in terms of time taken to reach a
destination, distance traveled (m), speed (m/s), sense of direction, number of stops made,
pointing error, and difficulty level, among other parameters (Eslami 2019; Khan and Kolay
2017). In this context, researchers developed techniques to qualify and quantify user
performance in the wayfinding task, such as GPS tracking, think-aloud records, sketch
mapping exercises, landmark recognition tests, questionaries, cognitive tests, post-test
interviews, and environment analysis (using for example space syntax). According to the
nature of the intended results, the investigator can combine two or more methods to obtain
more accurate data. In addition, investigation techniques through immersion in Virtual Reality
(VR) have gained prominence as an innovative way to evaluate strategies and performance in
wayfinding systems. The use of technology to understand spatial cognition and assess
wayfinding systems allows urban designers and planners to adjust the project in the virtual
environment before implementing it in the real world.

The main purpose of a PWS is to improve the flow of pedestrians through active navigation,
so they can better learn about places they visit or where they live. This awareness promotes
the local economy, a sense of belonging, security and comfort, and the vitality of city spaces.
However, built environments are dynamic and constantly changing. Thus, public participation
in urban design and planning decisions is essential to create meaningful spaces that are
responsive to the needs of community members and potential visitors. No matter how well
planned and executed a wayfinding system is, it will only work if it makes sense to the people
who walk the city. The local community needs to have an active voice in the changes made to
their surroundings, so that it can relate to them and incorporate new urban elements into its
mental images and maps.

Therefore, encouraging public participation in the design phase of future interventions in the
city increases the probability of its success (Bianco 2016; Mahmoud and Takafumi 2011;
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Vukmirovic and Gavrilovi¢ 2020). It is an opportunity for locals to express their opinion on the
transformation of public space along with professionals. In this way, they learn about
government procedures, budgeting, environmental issues, etc., thus reinforcing previous
bonds and creating new emotional connections with the place.

Collaborative processes through community and stakeholder engagement also increase
awareness on how to take care of the inhabited space, improving the quality of the urban
domain (Goodspeed et al. 2023; Raynor, Andréanne and Tanja 2017). This possibility arises
from individual and collective experiences in the city context and modes of sharing them, in
particular by using imagery narratives, e.g., as mental images or cognitive maps.

Thus, co-designing processes, besides representing inclusive and democratic approaches,
contribute to the creation of more meaningful and better cared-for spaces, reinforcing the
sense of place and identity among insiders and outsiders (Hester 1990). Local knowledge is
key to the planning and management of urban environments because the community must
play an essential role in its development, and not just remain as observers in decisions made
by city councils and urban planners.

2.3. Conceptual Framework

Based on the literature review, Figure 3 brings together the main theoretical concepts in three
groups: urban form, navigation aids and spatial cognition. These are interconnected and
converge in the central group, social and spatial interaction, ranging from the act of perceiving
to the wayfinding behavior.
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Figure 3: General conceptual framework.

The urban form and its components have a direct impact on the subjective and material
factors (from Table 1) comprised in spatial cognition. Moreover, these factors influence the
selection of the adequate navigation aids, for a better understanding of the urban form by
users. Thus, it is a cycle that contributes to the improvement of the wayfinding performance.

3. Reference Cases

This section presents different case studies as references for designing and implementing
pedestrian wayfinding systems. Five cities with PWS, recognized worldwide as good practices,
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were selected: Lisbon, Portugal; Dublin, Ireland; Brisbane, Australia; London, United Kingdom;
and Seattle, United States. To better understand and identify what contributes to the success
of these wayfinding systems, several aspects were analyzed regarding their development
process, namely: the context of each program, the needs that led to the decision of adopting
wayfinding strategies, and the process of planning and designing the signage. Thus, the five
cities mentioned before are analyzed according to three categories: (1) project context, (2)
design process and main features of the program, and (3) wayfinding system performance
assessment.

The Nations Park case (1998) in Lisbon is an example of the implementation of this strategy in
Portugal. The program aimed to create an image with a clear and unique identity for Expo’98.
The directional signs in vibrant blue, red, and yellow colors stand out in the environment
without interfering with other spatial elements (Figure 4). This characteristic helps navigators
easily identify the signage and plan their journeys. In addition, each local designation is written
in Portuguese and English, facilitating the orientation of foreign visitors to the area. This
wayfinding system is objective and communicates only the essential content, so people don’t
spend much time searching for information.

Salid,
Porta do N,
N 3

W

.‘J; oy —
Figure 4: Nations Park signage design.

Source: Larus Design. "Sinalética Expo’98" 1998.

The Dublin experience (2011) aimed to make the city a world-class pedestrian-friendly place,
avoid street clusters and conflict with other transportation modes, reduce car use, increase
walking journeys to work, and address infrastructural deficits. The on-street digital maps
provide real-time navigation through tailored directions and other helpful information (Figure
5). This interactive feature encourages people to explore the city, increasing pedestrian flow.
Also, the 3D representations of major destinations on the maps are an important
characteristic of this scheme once it helps the users to locate themselves in the space, connect
paths between landmarks and find their way in the city. Finally, the graphic identity and
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product design of this PWS are appealing to the public, promoting interactions with the
system.
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Figure 5: The Dublin Wayfinding Scheme.

Source: fwdesign limited. 2012.

Another example of good practice is the Brisbane PWS (2016). The program appeared in
response to a growing multicultural population, to help immigrants, tourists and students in
navigating the city. The family of signs has quickly become the primary source of information
for pedestrian guidance in and around the city (Figure 6). The PWS elements create
recognizable paths visually linked throughout the urban fabric. Despite their high contrast
with the urban environment, the aesthetics of the signage provoke a visual impact on the

observer, encouraging flows of active mobility without drastically interfering with the
landscape.

The “walking man” cut into the panels fits into the environment dynamically and elegantly.
The typography and scale of content allow the balancing of information in four different

languages. In addition, the positioning of the panels follows the logic of the space, leaving
clues in strategic places, guaranteeing the fluidity and coherence of the set.
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Figure 6: Brisbane Multilingual Pedestrian Wayfinding.

Source: Driven X Design Awards Programs. 2020.

The London scheme (2018) sought to relieve pressure on the public transport system and
change confusing existing signage. This program had as its central theme the cognitive science
regarding mental mapping, that is, how walkers build mental images from their experience in
urban space as they travel around the city. The content's sizes follow a hierarchy of names
and places, connecting the particular to the general in a legible way. Although the PWS is only
in English, the pictograms make it easy to recognize directions to major destinations and
transport stations.

As shown in Figure 7, the maps are accessible at different scales, with 15-minute and 5-minute
walk times, allowing the users to plan their trips effortlessly. The use of high-contrast colors
differentiates the PWS from other spatial elements. Also, the yellow strip at the top with a
walking man symbol makes the signs announce their function in the urban environment.

FEgure 7: Legible London - Signage System.
Source: SEGD. 20089.
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Seattle's PWS (2019) represents a response to the city's population growth due to the
presence of high-tech companies and the University of Washington. The constant involvement
of the community in the project makes it noteworthy, which was achieved through community
meetings, workshops, public hearings, and prototype testing. The heads-up maps help users
locate reference points in the environment and orientate themselves. The PWS simplifies the
complexities of the urban environment through illustrations. Also, the signs contrast, large
type sizes, and balance of content promote the legibility of the system. The program is a
reflection of real journeys that people make, helping them to navigate without friction in every
change of mode, regardless of their abilities, simply and predictably, through a unique set of
elements and rules (colors, numbers, icons, names, etc.) easy to interpret and memorize
(Figure 8).

Figure 8: Seamless Seattle - Core Sign Family.
Source: Seattle Department of Transportation (SDOT). 2019.

The cases of Lisbon and Brisbane invested in the high contrast of the PWS through the use of
vibrant colors. The references from Dublin, London, and Seattle highlight the importance given
to the detailing of the maps and technological innovations. Although the Nations Park example
focused on the design of pictograms exclusively for the program, the use of internationally
recognized symbols potentially facilitates the interpretation of the signs.

Each project presented in this section has a different spatial scale. Some municipalities
implemented the scheme throughout the city, while others limited it to the most central and
busiest areas. This fact obviously influences the financial resources used for each program,
the entities involved in the design process, and the users' response to signage installation. It
should also be noted that the lack of certain publicly available information has limited this
research, which posed a challenge in the analysis of the reference cases presented in Table 2.
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CITY LISBON DUBLIN BERISBANE LONDON SEATTLE
PROJECT YEAR 1968 2011 2016 2018 2018
NAME Mations Park Signage The Dublin Wayfinding Brisbane Multilingusl Legible Londaon Seamiess Seattle
Scheme Pedestrian Signege
AREA OF 50.000,00 m? Cantral District 2582 704,51 m®in central | Owford Strest, Bond Street, Citywide wayfinding system
IMPLEMENTATION Brishane Westminster/Camden, South
Bank, Richmond and
Twickenham, and West End
BUDGET MiA €4,106,000 $80,000 AUD MiA Owear 51,000,001
NUMEER OF &0 signs Total of 104 skgns across 33 fingerpost signa Removel of 46 existing MIA
SIGNS the city, including 20 objects and implementation
double-sided map pansals of 18 new signe in 2007, and
23 more in 2008
LANGUAGE Poruguese and English Engiish and Irish English, Traditiznal English English, together with a
Chinese, Japansese, second lBnguage in areas
Horean, and Arabic where it has strong ties to a
community, or 8 majority of
residents speaks a language
other than English
INSTITUTIONS Commissionar: City Commiéssioner: J& Decaux | Commissioner: Brisbane Commiéssioner: Westminstar | Commissioner: Seatts
Councils and the State Ireland City Council City Council, Mew West End | Department of Transpanation
Cornpany, Transport for {SDOT), King County Matro
Design: Pierlulgi Cerri, Partners: Dublin City Design: Dotdash Landon, Grown Estate, Sound Transit, Washington
Shigeo Fukuda, Henrigua Council, Department of Greater London Authority State Department of
Cayatie Transport, Tourizm & Froduction: Harleguin Tranapaortation
Sport, Dublin Touriam, Signs and Plastics Flanning and Design:
Production: Larus national cultural Applied Information Group Design and planning: Applied
nstitutions, and other civic {AIG) and Lacock Gullam Wayfinding with Alta Planning
Intareats + Design
Production: Woadhouse
Design: Fwdesign Cormmanity engagemeant: 3
Production: Wood and Instaliation: Weatone Squere Elocks
Wood Signa
INVOLVEMENT MIA Involvement of & group Filot testing on site Stakeholder engagement Rigarous and far-reaching
consisting of key through a mesting with engagement procass with
stakeholders led by the members of the community, focus groups. Stakeholder
City Council. Public mental mapping studias, Imvwalvement through
engagement through semi- public hearings, and community meetings.
structured interviews and prototype testing beiefings, interviews,
mental mapping studies workshops, public hearings,
with different erganizations mental mapping studies, and
protolype testing

Table 2: Reference cases - review of studies.

4. Guidelines for Designing Pedestrian Wayfinding Systems

Based on the literature and reference cases, this section presents some principles to support
the development of pedestrian wayfinding systems. According to the literature review, to
better navigate spaces it is essential to have an understanding of the environment. Thus, a
well-designed scheme can primarily help and facilitate essential activities of everyday life,
such as going to work, school, leisure, commuting, or shopping. But more importantly, the
signage and information program for pedestrians can become a vital tool for visitors in a
different city, helping them explore, find amenities, and enjoy local resources such as tourist
attractions and cultural events. Hence, any intervention on the urban realm that influences
the movement of pedestrians should meet their needs first and foremost.

The design and planning of a wayfinding system must be people-centered irrespective of their
abilities, encompassing a practical set of signs that simplify spatial relationships between the
various uses and functions that exist in the built environment. An effective PWS has the
potential to engage people in every sense, encouraging them to walk. Its main goal is to help
navigators plan their journeys and orient themselves in the city in an easy way. Therefore, in
addition to the system design, the program must take into account complementary aspects of
the built environment, such as a water fountain, the floor texture, a bakery, or a coffee shop,
as they can represent sensory markers in the user's mind. Stimulating cognitive skills will
reinforce the generation of mental maps, giving the user the comfort to move around the city
and the confidence to explore unknown areas.

According to our research, there are five core principles that should guide the development
of a PWS:

(1) Consistency - the system must have a universal design. It is imperative that there is

harmony between signage elements and the surrounding environment, to avoid visual
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(2)

(3)

(4)

(5)

clutter and obstruction for pedestrians. Clarity of content at every touchpoint is also
essential to create a simple and intuitive PWS.

Continuity - the system must work as a network of progressive disclosure (just enough
information where it is needed). Thus, the placement of signs should be predictable to
users, allowing them to confirm their location during a trip or re-plan their journeys.
Connectivity - the system must connect key points of the city through pedestrian
routes and provide information about linkages with other transportation modes. In
addition, when incorporating technology, the mapping and codes used for digital
strategies should be the same as the signage on site.

Accessibility - the system must be inclusive and accommodate all potential users,
regardless of their physical or cognitive capacity, gender, age, education, income,
ethnicity, etc.

Local Distinctiveness - the system must stand out against road signs and other
elements in the urban environment to be recognizable. Also, the design should be
flexible and specific to distinctive areas of the city, without compromising the legibility
of the system.

Based on these main principles, the development of the PWS should follow several
sequential steps, described in the next sub-sections.

A successful pedestrian wayfinding system is intuitive and consistent, combining
function and aesthetics into an efficient product design to provide a stress-free service.
It should deliver a seamless experience to users, giving them the confidence to explore
the city in the most comfortable way possible. Signage must provide the necessary
information at the right time, reassuring people that they are moving towards their
desired destination, but also facilitating the discovering of spaces to a certain degree.
In summary, the PWS has to be inclusive, encourage mobility, and accommodate
different levels of information without cluttering the environment.

4.1. Analysis of the Selected Area

The first step in developing a wayfinding strategy is to define the signage area. This
geographical delimitation will help identify urban elements and their configuration in space.
It is essential to learn how the physical components of the place affect movement, in order to
provide the appropriate tools for pedestrians to navigate through a wide range of
environments, regardless of their complexity. The shape and size of the signage area influence
the number, location, and type of signs. Table 3 exemplifies the aspects of the city's structure
to consider when analyzing the dynamics of the site.

Aspects Examples of characteristics to analyze
Urban development Main drivers of city growth over time and historic phases
Topography and geography Gradient, steps, stairs, and barrier shapes
Density of the built environment Relationship between open spaces and built form
Street typology Street hierarchy, walking routes, and type of street section
Points of interest Landmarks, focal points, decision points, and historic locations
Movement Understanding of different flows (pedestrians, vehicles, etc.)
Transit identity Transportation modes available in the area

Table 3: Physical components of the selected area that affect user movement.

4.2. Community and Stakeholder Engagement for Co-Designing a PWS

The second step pertains to the moment when urban designers and planners must work
alongside the different actors and stakeholders, including residents, government authorities,
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transport operators, and main business representatives. This partnership represents a crucial
bonding between all of them to get maximum benefits from the new wayfinding system. In
this regard, public involvement through community meetings is essential to engage people
during the planning process, as well as to keep them informed from the beginning to the end
of the project.

These events should encourage mental map drawing, landmark recognition tests, interviews,
and questionaries to identify neighborhood limits, decision points, and landmarks, besides
establishing appropriate naming and defining which content is most relevant for map
production. In addition to public meetings, studies conducted in loco can provide data
regarding the number of visitors to certain places or attractions, the density of movement
during the day, etc. The goal is to design according to how people think and to what they need.

4.3. Pilot Testing

In the third step, pilot projects should be produced to assess the useability of the system and
justify its implementation as a solution for the city. Prototype tests in the busiest and most
complex transit centers of the urban fabric ensure a more comprehensive evaluation of the
program elements. The feedback from this feasibility study concerning the number of trips,
efficiency, difficulty levels, reliability, and speed allows changes in aspects of the PWS, or its
refinement, before installing the final product in the public domain.

4.4. Developing Products for Pedestrians

The fourth step develops a set of products: signage family, signage layout, placement and
accessibility.

4.4.1. Signage Family

The signage family must be consistent, with reliable information at every point of contact to
consolidate local knowledge and develop environmental familiarity. For that, the scheme's
components need to have the same design language based on a unique and concentrated
mapping system. The formats must contemplate different scales of use with a coherent
content hierarchy.

Figure 9 shows the types of signs of the core family (maxi-totem, mini-totem and fingerposts)
and additional elements (transport totem, route marker and description, and sidewalk
medallion). The scheme presents some estimated measurements of what would be ideal for
the pedestrian viewing angle, as well as locating important information on the signs in an
accessible way for people with reduced mobility. The measurements were determined based
on the following references: Neufert et al. 2012; Teles 2007; TfL and AlG 2007; The State of
Queensland (Department of Transport and Main Roads) 2020.
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r

MAXI-TOTEM MINI-TOTEM FINGERPOST ROUTE MARKER & DESCRIPTION SIDEWALK TRANSPORT TOTEM
+ MUP1 EXAMPLE: WALL MOUNTED SIGN MEDALLION

_'.-:/""%: PWS SIGNAGE FAMILY

Figure 9: Family of signs for pedestrian wayfinding systems.

4.4.2. Signage Layout

The system's layout must be minimalist and functional, with common characteristics, to
promote familiarity through repetition and simplification of environmental complexities.
Thus, to create a friendly and practical design that combines aesthetics and usability, it is
important to pay attention to details, such as colors, font, and symbols.

Table 4 provides general rules (TfL and AIG 2007; City of Toronto, 2016; SDOT, 2019; Driven X
Design, 2020); The State of Queensland (Department of Transport and Main Roads) 2020) for
the visual appearance of the scheme, regarding graphic design, text, and illustration contents,
to ensure proper standardization. The careful balance of information in each sign is essential
to reinforce legibility. Nevertheless, despite the defined pattern, the project needs to be
flexible to reflect the city's identity and respect local distinctiveness.

General rules

Graphic design Colors Use of enough visual contrast
Typography Use of appropriate font style, size and height
Pictograms Use of internationally recognizable symbols
Identifier Use of a bright strip on the top of the sign with “the
walker” pictogram, visible from distance

Text content Name of suburbs, neighborhoods, places and streets (address), A-Z street finder,
distance (m), walk times to key destinations (min), native and second language where
needed, arrival points, heritage content, “you are here” and “walk this way” markers

lllustration content | Heads-up maps with simplified 3D landmark representations; emphasis on steep
slopes, steps, narrow or high pavements, pedestrian crossings, building, hill climb and
civic and local amenities; traffic network diagram with the identification of the entrance
of metro stations and bus stops; directional arrows; historic mapping

Table 4: General rules to develop a signage visual identity.

It is important to note that the entities responsible for the program must select the content
of the signs carefully, as the inclusion of too many symbols can clutter the map, reducing
legibility.

U.Porto Journal of Engineering, 9:2 (2023) 132-157

148



Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

4.4.3.Signage Placement

The number and location of the signage elements in the public realm must follow a logical
arrangement to reduce clutter and improve awareness. It is necessary to provide just enough
information to answer the user's questions where needed during their journey. That said,
progressive disclosure at key locations can prevent distractions caused by potentially
confusing content.

Sign installation must ensure visibility from key origin and destination points, at right angles
to the direction of travel, in order to accommodate pedestrians, accounting for free
movement and sufficient space for people with disabilities to perceive them. The location of
the signage also depends on the density of environment flows within the urban context. These
spaces have to be studied carefully before the position of the signs is decided.

4.4.4.Signage Accessibility

Finally, the wayfinding system must ensure accessibility regardless of environmental
conditions and the navigator’s individual abilities, in terms of physical, cognitive, financial, and
social capacity. Creating an equitable public domain is fundamental to removing possible
physical and mental barriers in the built environment and developing an inclusive product
design with adequate materials and dimensions. It is important to emphasize that the level of
accessibility of a given area is directly related to its climatic and topographical characteristics.
Also, it is necessary to assess the locations displayed on maps to guarantee that they have a
safe infrastructure for pedestrians and are within acceptable walking distances.

5. Exploring the Future Signage System of Porto

Based on the principles and criteria defined in section 4, developed as a guide for the design
of pedestrian wayfinding systems, this section 5 intends to illustrate their usefulness in a
practical case. As explained in the introduction, the current research responds to a request of
the municipality of Porto regarding development recommendations for a future city PWS.
Thus, strategic recommendations to be incorporated in the Integrated Project of Signage and
Information (IPSI) were presented and discussed with town planners, in order to support the
design of the system and main aspects of the project, besides contributing to the
requirements of the tender specifications. Some complementary studies are also
recommended, to understand which spatial and cognitive factors influence people's decision
to walk in urban spaces. This knowledge is essential for redefining Porto's signage and
information plan, focusing on the comfort and safety of end-users.

To deliver a successful PWS, every change of mode or environment (physical or virtual) must
be intuitive and effortless for the user. Accordingly, guidance system providers must
collaborate to ensure the predictability of all program elements. It is essential to delineate
routes that contemplate consolidated tourist sites. Nevertheless, the suggested pathways in
the maps must also pass through streets with commerce and services that are challenging to
find, or with underused spaces that have potential to promote social interactions. Moreover,
in case of scarce financial resources, the city-wide PWS, government authorities, urban
designers, and planners should identify and prioritize areas with the highest pedestrian flows
and assess the level of existing infrastructure, to support walking comfortably and safely.

After identifying the most interesting destinations to users/walkers and after checking the
conditions of route infrastructures, it is necessary to guarantee that there are suitable
conditions along the paths for people to stay and enjoy the places they arrive at, as
transformations in the urban environment will also change the way people navigate and use
city spaces. The destination hierarchy of the IPSI should be adequate to the scale and
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complexity of the areas covered by the project, allowing users to create their own hierarchy
in their mind maps.

In certain zones of the city of Porto, the Douro River is an important landmark. Like other
natural elements of the landscape or the built environment, such as historical monuments or
distinctive buildings, these landmarks can serve as a reference and a key destination, helping
people in the wayfinding task. These focal points can also include streets or places people
know as part of their daily journeys, such as transportation stations, parking lots, sports
facilities, community centers, hospitals, and parks.

One of the goals of a PWS should be to support economic development. However, the
reference points selected for the scheme should be defined through community and
stakeholder engagement, considering the connectivity and legibility of the environment and
not just based on commercial interests. Exploring the meaning of spaces from the perspective
of both inhabitants and visitors can help define the content of the signs. In this sense, end-
users must confirm the names of streets and places, so that architects and urbanists can
include this information in the signage system.

Before starting the PWS project and preparing its installation, the public entities and private
agencies involved need to agree on approval of designs, authorization for the manufacture of
signs, and maintenance responsibilities. In addition, the installation plan must contain a
schedule of activities, with diagrams, photos, or maps, and the specifications regarding the
placement of the signs and their contents.

Each signage element must be selected and located to adapt to the characteristics of its
surroundings (scale and angle, for example) and guarantee its harmony with the other
components of the environment. Also, these elements must be accessible and perceptible to
all people, regardless of their physical or cognitive abilities. The scheme in Figure 10 describes
the strategy for the development of a Pedestrian Wayfinding System for the city of Porto,
although this scheme could be widely applied in other places or cities.

PHASE ONE

Select an area: identify focal points and decision points;
identify and audit walking routes.

PHASETWO

Strategy development: identify which signs to use; produce a signage
placement plan and content schedule.

PHASE THREE

é’g Community and stakeholder engagement for co-design; detailed graphic
Q and product design; pilot implementation and pilot evaluation.

PHASE FOUR

City Council approval: sign manufacture; installation preparation.

Figure 10: Indicative implementation plan.
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In addition, it is imperative to perform an in-depth analysis of the project's impact on mobility
in general, especially concerning its integration with other means of transport. Finally, the IPSI
must ensure that every stage of the plan meets a high level of quality and detail, to achieve a
refined and resolved design capable of addressing any demands that might arise in the future.

6. Conclusions and Recommendations

As explored in the literature review, factors related to human spatial cognition, such as
environmental familiarity, cultural and individual differences, sensory experience, urban
complexity, and sociodemographic variables, influence people's ability to find their way and
navigate through space. Likewise, responsive behaviors such as searching, planning, and
following routes not only depend on urban elements and their arrangement in the city, but on
people's cognitive abilities to capture environmental information and create mental images
full of meanings.

Wayfinding behavior is related to spatial cognition - people learn from the environment,
process the information, and then choose the most suitable path to follow according to their
needs. Users are the ones who assess the quality of environmental elements and define their
hierarchy in mental maps. That said, wayfinding performance depends on the physical aspects
of space and strategies based on individual experiences.

A person's physical and cognitive abilities influence how they perceive and appropriate their
surrounding environment. Thereby, pedestrian wayfinding systems must be empathetic and
responsive to the needs of all people, bolstering comfort, safety, and confidence when they
walk around the city. People become much more receptive to active mobility once they are
aware of its benefits. Hence, it is not only important to transform urban spaces, but also to
enable a cultural change of mentalities and attitudes. Furthermore, users need to know which
navigation tools are available and how they can be used. Ultimately, the goal is to promote
route searching and cognitive mapping in order to improve environment familiarity.

One main conclusion of this paper refers to the importance of involving the public and
stakeholders in co-designing interventions in the urban space, such as the implementation of
pedestrian wayfinding systems. Participatory design and urban planning processes focused on
end-users raise people's interest and awareness, encouraging them to explore the city while
reinforcing the affective value they attach to places.

The research undertaken contributes with a practical guide for the development of Pedestrian
Wayfinding Systems, based on the understanding of spatial cognition and analysis of reference
cases. The criteria and principles presented were the basis for the recommendations to be
included in the Integrated Project of Signage and Information (IPSI). Our study provided
suggestions on how to think and design the system legibly and efficiently, and raised questions
about responsibilities for the project maintenance in the future, especially regarding updating
information and conservation of the signage's elements.

According to the knowledge revealed by this research, spatial cognition and wayfinding
behavior involves a range of aspects and dimensions related to the user's perspective.
Therefore, it is necessary to include this understanding in the PWS from the beginning of the
project, so that the city's signage system can adapt and respond effectively to the demands of
its inhabitants and visitors. It's essential to continue studying the way people perceive and
understand these cues during navigation. Finally, exploring spatial cognition and preferences
of users in PWS design can help improve the effectiveness of guidance tools, as well as overall
program performance.

U.Porto Journal of Engineering, 9:2 (2023) 132-157



Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

References

Afdhal, Muh., Andi Alam, Karen Grattan, Bailey Goldman, Ahmad Isa, Amanda Pomeroy—
Stevens, and Damodar Bachani. 2022. “Designing for a Healthier Makassar, Indonesia:
Participatory Systems Mapping.” Journal of Urban Health 99 (4): 770-82.
https://doi.org/10.1007/s11524-022-00651-5.

Balaban, Ceylan Z., Harun Karimpur, Florian Roser, and Kai Hamburger. 2017. “Turn Left
Where You Felt Unhappy: How Affect Influences Landmark-Based Wayfinding.” Cognitive
Processing 18 (2): 135-44. https://doi.org/10.1007/s10339-017-0790-0.

Bentley, lan. 2015. ”Responsive Environments: A Manual for Designers”. Abingdon,
Oxfordshire: Architectural Press is an imprint of Routledge.

Bianco, Lino. 2016. “Participatory Engagement in Urban Design Process: The Case of an Urban
Settlement in Malta.” Spatium, 35: 71-78. https://doi.org/10.2298/SPAT1635071B.

Bille, Mikkel, and Tim Flohr Sgrensen, 2019. Elements of Architecture: Assembling
Archaeology, Atmosphere and the Performance of Building Spaces. Archaeological
Orientations. London ; New York: Routledge, Taylor & Francis Group.

Bohme, Gernot. 2013. “The Art of the Stage Set as a Paradigm for an Aesthetics of
Atmospheres.” Ambiances, February. https://doi.org/10.4000/ambiances.315.

Candido, Fabio. 2018. “Environmental Graphics as Atmospheres Generators.” In Putting
Tradition into Practice: Heritage, Place and Design, edited by Giuseppe Amoruso, 3:888—
92. Lecture Notes in Civil Engineering. Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-319-57937-5_91.

Chang, Hsuan Hsuan. 2015. “Which One Helps Tourists Most? Perspectives of International
Tourists Using Different Navigation Aids.” Tourism Geographies 17 (3): 350-69.
https://doi.org/10.1080/14616688.2015.1016099.

Chersi, Fabian, and Neil Burgess. 2015. “The Cognitive Architecture of Spatial Navigation:
Hippocampal and Striatal Contributions.” Neuron 88 (1): 64-77.
https://doi.org/10.1016/j.neuron.2015.09.021.

Chrastil, Elizabeth R., and William H. Warren. 2013. “Active and Passive Spatial Learning in
Human Navigation: Acquisition of Survey Knowledge.” Journal of Experimental Psychology:
Learning, Memory, and Cognition 39 (5): 1520-37. https://doi.org/10.1037/a0032382.

Couclelis, H., R.G. Golledge, N. Gale, and W. Tobler. 1987. “Exploring the Anchor-Point
Hypothesis of Spatial Cognition.” Journal of Environmental Psychology 7 (2): 99-122.
https://doi.org/10.1016/S0272-4944(87)80020-8.

Crucitti, Paolo, Vito Latora, and Sergio Porta. 2006. “Centrality Measures in Spatial Networks
of Urban Streets.” Physical Review E 73 (3): 036125.
https://doi.org/10.1103/PhysRevE.73.036125.

Cullen, Gordon. 1949. “Townscape Casebook.” The Architectural Review 106 (636): 363—-374.

Cullen, Gordon. 2012. Concise Townscape. Routledge. 1st ed.
https://doi.org/10.4324/9780080502816.

Dai, Tianchen, and Xing Zheng. 2021. “Understanding How Multi-Sensory Spatial Experience
Influences Atmosphere, Affective City Image and Behavioural Intention.” Environmental
Impact Assessment Review 89 (July): 106595. https://doi.org/10.1016/j.eiar.2021.106595.

Driven X Design. "Brisbane Multilingual Pedestrian Wayfinding System." 2020, accessed May,
15, 2023, https://awards.design/BNE20/project.asp?ID=19693.

“Dublin.” n.d. Fwdesign. Accessed May 15, 2013. https://www.fwdesign.com/dublin.

U.Porto Journal of Engineering, 9:2 (2023) 132-157 152


https://doi.org/10.1007/s11524-022-00651-5
https://doi.org/10.1007/s10339-017-0790-0
https://doi.org/10.2298/SPAT1635071B
https://doi.org/10.4000/ambiances.315
https://doi.org/10.1007/978-3-319-57937-5_91
https://doi.org/10.1080/14616688.2015.1016099
https://doi.org/10.1016/j.neuron.2015.09.021
https://doi.org/10.1037/a0032382
https://doi.org/10.1016/S0272-4944(87)80020-8
https://doi.org/10.1103/PhysRevE.73.036125
https://doi.org/10.4324/9780080502816
https://doi.org/10.1016/j.eiar.2021.106595
https://awards.design/BNE20/project.asp?ID=19693
https://www.fwdesign.com/dublin

Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

Els, Hannes, Janssens Davy, and Wets Geert. 2006. “Proximity Is a State of Mind: Exploring
Mental Maps in Daily Activity Travel Behaviour,” 1-13.
https://documentserver.uhasselt.be/bitstream/1942/1363/1/proximity%20state %200f%20mind.pdf.

Epstein, Russell A, Eva Zita Patai, Joshua B Julian, and Hugo J Spiers. 2017. “The Cognitive Map
in Humans: Spatial Navigation and Beyond.” Nature Neuroscience 20 (11): 1504-13.
https://doi.org/10.1038/nn.4656.

Ferri, Anthony, and Monika Popp. 2022. ““Wayfeeling’: Navigating through Emotional and
Sensorial Responses in Public Transit.” Wellbeing, Space and Society 3: 100104.
https://doi.org/10.1016/j.wss.2022.100104.

Frantzeskaki, Niki, and Ania Rok. 2018. “Co-Producing Urban Sustainability Transitions
Knowledge with Community, Policy and Science.” Environmental Innovation and Societal
Transitions 29 (December): 47-51. https://doi.org/10.1016/j.eist.2018.08.001.

Gardony, Aaron L., Tad T. Brunyé, Caroline R. Mahoney, and Holly A. Taylor. 2013. “How
Navigational Aids Impair Spatial Memory: Evidence for Divided Attention.” Spatial
Cognition & Computation 13 (4): 319-50. https://doi.org/10.1080/13875868.2013.792821.

Garling, Tommy, Anders Book, and Erik Lindberg. 1984. “Cognitive Mapping of Large-Scale
Environments: The Interrelationship of Action Plans, Acquisition, and Orientation.”
Environment and Behavior 16 (1): 3—34. https://doi.org/10.1177/0013916584161001.

Gold, lan. 2004. “Phenomenal Qualities and Intermodal Perception.” In Representation in
Mind, 125-46. Elsevier. https://doi.org/10.1016/B978-008044394-2/50010-5.

Golledge, Reginald G., R. Daniel Jacobson, Robert Kitchin, and Mark Blades. 2000. “Cognitive
Maps, Spatial Abilities, and Human Wayfinding.” Geographical Review of Japan, Series B.
73 (2): 93-104. https://doi.org/10.4157/grj1984b.73.93.

Goodspeed, Robert, Kidus Admassu, Vahid Bahrami, Tierra Bills, John Egelhaaf, Kim Gallagher,
Jerome Lynch, et al. 2023. “Improving Transit in Small Cities through Collaborative and
Data-Driven Scenario Planning.” Case Studies on Transport Policy 11 (March): 100957.
https://doi.org/10.1016/j.cstp.2023.100957.

Hegarty, Mary, Daniel R. Montello, Anthony E. Richardson, Toru Ishikawa, and Kristin Lovelace.
2006. “Spatial Abilities at Different Scales: Individual Differences in Aptitude-Test
Performance and Spatial-Layout Learning.” Intelligence 34 (2): 151-76.
https://doi.org/10.1016/).intell.2005.09.005.

Hester, Randolph T. 1990. Community Design Primer. Mendocino, Calif: Ridge Times Press.

Hillier, Bill. 2003. The Architectures of Seeing and Going: Or, Are Cities Shaped by Bodies or
Minds? And Is There a Syntax of Spatial Cognition? In: 4th International Space Syntax
Symposium, 17-19 June 2003, London, UK., June.

Holscher, Christoph, Thora Tenbrink, and Jan M. Wiener. 2011. “Would You Follow Your Own
Route Description? Cognitive Strategies in Urban Route Planning.” Cognition 121 (2): 228-
47. https://doi.org/10.1016/j.cognition.2011.06.005.

Hunter, Rebecca H., Lynda A. Anderson, and Basia L. Belza, eds. 2016. Community Wayfinding:
Pathways to Understanding. Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-319-31072-5.

Iftikhar, Hassan, Parth Shah, and Yan Luximon. 2020. “Human Wayfinding Behaviour and

Metrics in Complex Environments: A Systematic Literature Review.” Architectural Science
Review, June, 1-12. https://doi.org/10.1080/00038628.2020.1777386.

U.Porto Journal of Engineering, 9:2 (2023) 132-157

153


https://documentserver.uhasselt.be/bitstream/1942/1363/1/proximity%20state%20of%20mind.pdf
https://doi.org/10.1038/nn.4656
https://doi.org/10.1016/j.wss.2022.100104
https://doi.org/10.1016/j.eist.2018.08.001
https://doi.org/10.1080/13875868.2013.792821
https://doi.org/10.1177/0013916584161001
https://doi.org/10.1016/B978-008044394-2/50010-5
https://doi.org/10.4157/grj1984b.73.93
https://doi.org/10.1016/j.cstp.2023.100957
https://doi.org/10.1016/j.intell.2005.09.005
https://doi.org/10.1016/j.cognition.2011.06.005
https://doi.org/10.1007/978-3-319-31072-5.
https://doi.org/10.1080/00038628.2020.1777386

Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

Ishikawa, T, and D Montello. 2006. “Spatial Knowledge Acquisition from Direct Experience in
the Environment: Individual Differences in the Development of Metric Knowledge and the
Integration of Separately Learned Placesyk.” Cognitive Psychology 52 (2): 93-129.
https://doi.org/10.1016/.cogpsych.2005.08.003.

Jabbari, Mona, Zahra Ahmadi, and Rui Ramos. 2022. “Defining a Digital System for the
Pedestrian Network as a Conceptual Implementation Framework.” Sustainability 14 (5):
2528. https://doi.org/10.3390/su14052528.

Jirgen, Hasse. 2016. “Traffic Architecture.” In Elements of Architecture: Assembling
Archaeology, Atmosphere and the Performance of Building Spaces, 177-94. Archaeological
Orientations. London ; New York: Routledge, Taylor & Francis Group.

Keliikoa, L. Brooke, Michael Y. Packard, Heidi Hansen Smith, Inji N. Kim, Kelly A. Akasaki, and
David A. Stupplebeen. 2018. “Evaluation of a Community Wayfinding Signage Project in
Hawai‘i: Perspectives of Pedestrians and Bicyclists.” Journal of Transport & Health 11
(December): 25-33. https://doi.org/10.1016/}.jth.2018.09.008.

Kelly, Andrew. 2001. “Building Legible Cities.” https://www.bristollegiblecity.info/old-
site/projects/23/23publications/Building_Legible Cities.pdf.

Khan, Irfan Haider, and Saptarshi Kolay. 2017. “Study of Wayfinding Behaviours in an Outdoor
Environment.” In Research into Design for Communities, Volume 1, edited by Amaresh
Chakrabarti and Debkumar Chakrabarti, 65:173—-84. Smart Innovation, Systems and
Technologies. Singapore: Springer Singapore. https://doi.org/10.1007/978-981-10-3518-0_15.

Lépez-Lambas, M. Eugenia, J. Manuel Sdnchez, and Andrea Alonso. 2021. “The Walking
Health: A Route Choice Model to Analyze the Street Factors Enhancing Active Mobility.”
Journal of Transport & Health 22 (September): 101133.
https://doi.org/10.1016/}.jth.2021.101133.

Lynch, Kevin. 1992. The Image of the City. 21st ed. Cambridge (Mass.) London: Mit press.
https://www.miguelangelmartinez.net/IMG/pdf/1960_Kevin_Lynch_The_Image_of _The_
City_book.pdf.

Mach, Katharine J, Maria Carmen Lemos, Alison M Meadow, Carina Wyborn, Nicole Klenk,
James C Arnott, Nicole M Ardoin, et al. 2020. “Actionable Knowledge and the Art of
Engagement.” Current Opinion in Environmental Sustainability 42 (February): 30-37.
https://doi.org/10.1016/j.cosust.2020.01.002.

Madden, Kathleen, and Andy Wiley-Schwartz. 2005. How to Turn a Place around: A Handbook
for Creating Successful Public Spaces. New York, NY: Project for Public Spaces, Inc.

Mahmoud, Hatem, and Takafumi Arima. 2011. “A Web-Based Public Participation System That
Supports Decision Making.” Journal of Asian Architecture and Building Engineering 10 (1):
77-84. https://doi.org/10.3130/jaabe.10.77.

Mark, D M, and A U Frank. 1996. “Experiential and Formal Models of Geographic Space.”
Environment and  Planning  B: Planning and Design 23 (1): 3-24.
https://doi.org/10.1068/b230003.

Miller, George A. 1955. “The Magical Number Seven, plus or Minus Two: Some Limits on Our
Capacity for Processing Information.” American Psychological Association 101 (2): 343-52.
https://img3.reoveme.com/m/049764c53e25268b.pdf.

Mohamad, W S N W, and | Said. 2014. “A Review of Variables of Urban Street Connectivity for

Spatial Connection.” IOP Conference Series: Earth and Environmental Science 18 (February):
012173. https://doi.org/10.1088/1755-1315/18/1/012173.

U.Porto Journal of Engineering, 9:2 (2023) 132-157

154


https://doi.org/10.1016/j.cogpsych.2005.08.003
https://doi.org/10.3390/su14052528
https://doi.org/10.1016/j.jth.2018.09.008
https://www.bristollegiblecity.info/old-%20site/projects/23/23publications/Building_Legible_Cities.pdf
https://www.bristollegiblecity.info/old-%20site/projects/23/23publications/Building_Legible_Cities.pdf
https://doi.org/10.1007/978-981-10-3518-0_15
https://doi.org/10.1016/j.jth.2021.101133
https://www.miguelangelmartinez.net/IMG/pdf/1960_Kevin_Lynch_The_Image_of_The_City_book.pdf
https://www.miguelangelmartinez.net/IMG/pdf/1960_Kevin_Lynch_The_Image_of_The_City_book.pdf
https://doi.org/10.1016/j.cosust.2020.01.002
https://doi.org/10.3130/jaabe.10.77
https://doi.org/10.1068/b230003
https://img3.reoveme.com/m/049764c53e25268b.pdf
https://doi.org/10.1088/1755-1315/18/1/012173

Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

Montello, Daniel R. 2005. “Navigation.” In The Cambridge Handbook of Visuospatial Thinking,
edited by Priti Shah and Akira Miyake, 1st ed., 257-94. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511610448.008.

Montello, Daniel R., Kristin L. Lovelace, Reginald G. Golledge, and Carole M. Self. 1999. “Sex-
Related Differences and Similarities in Geographic and Environmental Spatial Abilities.”
Annals of the Association of American Geographers 89 (3): 515-34.
https://doi.org/10.1111/0004-5608.00160.

Neufert, Ernst, Peter Neufert, and Johannes Kister. 2012. Neufert Architects' Data. Oxford:
Wiley Blackwell.

Oséch, Barbara, and Anna Czaplinska. 2019. “City Image Based on Mental Maps — the Case
Study of Szczecin (Poland).” Miscellanea  Geographica 23 (2): 111-19.
https://doi.org/10.2478/mgrsd-2019-0016.

Passini, Romedi. 1984. “Spatial Representations, a Wayfinding Perspective.” Journal of
Environmental Psychology 4 (2): 153—64. https://doi.org/10.1016/S0272-4944(84)80031-6.

Pazzaglia, Francesca. 2003. “Mind and Maze. Spatial Cognition and Environmental Behavior.
A. S. Devlin. Praeger Publishers, Westport, CT, 2001. No. of Pages 328. ISBN 0-275-96784-
0. Price £63.50 (Hardback): Book Reviews.” Applied Cognitive Psychology 17 (5): 625—-26.
https://doi.org/10.1002/acp.938.

Peponis, J, ] Wineman, S Bafna, M Rashid, and S H Kim. 1998. “On the Generation of Linear
Representations of Spatial Configuration.” Environment and Planning B: Planning and
Design 25 (4): 559-76. https://doi.org/10.1068/b250559.

Puerari, Emma, Jotte De Koning, Timo Von Wirth, Philip Karré, Ingrid Mulder, and Derk
Loorbach. 2018. “Co-Creation Dynamics in Urban Living Labs.” Sustainability 10 (6): 1893.
https://doi.org/10.3390/su10061893.

Quercia, Daniele. 2016. “Playful Cities: Crowdsourcing Urban Happiness with Web Games.”
Built Environment 42 (3): 430-40. https://doi.org/10.2148/benv.42.3.430.

Raubal, M, and M J Egenhofer. 1998. “Comparing the Complexity of Wayfinding Tasks in Built
Environments.” Environment and Planning B: Planning and Design 25 (6): 895-913.
https://doi.org/10.1068/b250895.

Raynor, Katrina Eve, Andréanne Doyon, and Tanja Beer. 2017. “Collaborative Planning,
Transitions Management and Design Thinking: Evaluating Three Participatory Approaches
to Urban Planning.” Australian Planner 54 (4): 215-24,
https://doi.org/10.1080/07293682.2018.1477812.

Ruddle, Roy A, and Simon Lessels. 2006. “Three Levels of Metric for Evaluating Wayfinding.”
Presence: Teleoperators and Virtual Environments 15 (6): 637-54.
https://doi.org/10.1162/pres.15.6.637.

Ryan, Declan. J., and Kimberley. M. Hill. 2022. “Public Perceptions on the Role of Wayfinding
in the Promotion of Recreational Walking Routes in Greenspace—Cross-Sectional Survey.”
Wellbeing, Space and Society 3: 100111. https://doi.org/10.1016/j.wss.2022.100111.

Sakaja, Laura. 2020. “The Non-Visual Image of the City: How Blind and Visually Impaired White
Cane Users Conceptualize Urban Space.” Social & Cultural Geography 21 (6): 862—86.
https://doi.org/10.1080/14649365.2018.1534262.

Salazar Miranda, Arianna, Zhuangyuan Fan, Fabio Duarte, and Carlo Ratti. 2021. “Desirable
Streets: Using Deviations in Pedestrian Trajectories to Measure the Value of the Built

U.Porto Journal of Engineering, 9:2 (2023) 132-157

155


https://doi.org/10.1017/CBO9780511610448.008
https://doi.org/10.1111/0004-5608.00160
https://doi.org/10.2478/mgrsd-2019-0016
https://doi.org/10.1016/S0272-4944(84)80031-6
https://doi.org/10.1002/acp.938
https://doi.org/10.1068/b250559
https://doi.org/10.3390/su10061893
https://doi.org/10.2148/benv.42.3.430
https://doi.org/10.1068/b250895
https://doi.org/10.1080/07293682.2018.1477812
https://doi.org/10.1162/pres.15.6.637
https://doi.org/10.1016/j.wss.2022.100111
https://doi.org/10.1080/14649365.2018.1534262

Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

Environment.” Computers, Environment and Urban Systems 86 (March): 101563.
https://doi.org/10.1016/j.compenvurbsys.2020.101563.

Seattle Department of Transportation (SDOT). 2019. “Seamless Seattle — Pedestrian
Wayfinding Strategy.”
https://www.seattle.gov/documents/Departments/SDOT/UrbanDesignProgram/Pedestri
anWayfindingProgram/Wayfinding%20Strategy July2019 SDOT%20Edit.pdf.

SEGD. 2009. “Legible London." accessed May, 15, 2023, https://segd.org/legible-london.

Shirvani Dastgerdi, Ahmadreza, Massimo Sargolini, Shorna Broussard Allred, Allison Morrill
Chatrchyan, Michael Drescher, and Christopher DeGeer. 2022. “Climate Change Risk
Reduction in Cultural Landscapes: Insights from Cinque Terre and Waterloo.” Land Use
Policy 123 (December): 106359. https://doi.org/10.1016/}.landusepol.2022.106359.

Stea, David. 2017. Image and Environment: Cognitive Mapping and Spatial Behavior. 1st ed.
Routledge. https://doi.org/10.4324/9780203789155.

Stevens, Quentin. 2006. “The Shape of Urban Experience: A Reevaluation of Lynch’s Five
Elements.” Environment and Planning B: Planning and Design 33 (6): 803-23.
https://doi.org/10.1068/b32043.

Stevenson, Angus, and Christine A. Lindberg, eds. 2010. New Oxford American Dictionary. 3rd
ed. Oxford University Press. https://doi.org/10.1093/acref/9780195392883.001.0001.

Symonds, Paul, David H.K. Brown, and Valeria Lo lacono. 2017. “Exploring an Absent Presence:
Wayfinding as an Embodied Sociocultural Experience.” Sociological Research Online 22 (1):
48—-67. https://doi.org/10.5153/sr0.4185.

Teles, Paula. 2007. Acessibilidade e Mobilidade Para Todos: Apontamentos Para Uma Melhor
Interpretacdo Do DL 163/2006 De 8 De Agosto. Lisboa?: Secretariado Nacional de
Reabilitacdo e Integracao das Pessoas com Deficiéncia.

The State of Queensland (Department of Transport and Main Roads). 2020.“Guideline:
wayfinding and signage for people walking.” https://www.tmr.qld.gov.au/-
/media/busind/techstdpubs/Cycling/Guideline-Wayfinding-and-signage-for-people-
walking.pdf?la=en.

Thorndyke, Perry W, and Barbara Hayes-Roth. 1982. “Differences in Spatial Knowledge
Acquired from Maps and Navigation.” Cognitive Psychology 14 (4): 560-89.
https://doi.org/10.1016/0010-0285(82)90019-6.

TO360. 2016.“Signage Placement Guidelines.” City of Toronto. https://www.toronto.ca/wp-
content/uploads/2017/11/999c-Wayfinding-Sign-Placement-Guidelines.pdf.

Tournier, Isabelle, Aurélie Dommes, and Viola Cavallo. 2016a. “Review of Safety and Mobility
Issues among Older Pedestrians.” Accident Analysis & Prevention 91 (June): 24-35.
https://doi.org/10.1016/j.aap.2016.02.031.

Transport for London (TfL) & Applied Information Group (AIG). 2007. “The Yellow Book: A
prototype wayfinding system for London. https://content.tfl.gov.uk/Il-yellow-book.pdf.
Turnhout, Esther, Tamara Metze, Carina Wyborn, Nicole Klenk, and Elena Louder. 2020. “The
Politics of Co-Production: Participation, Power, and Transformation.” Current Opinion in
Environmental Sustainability 42 (February): 15-21.

https://doi.org/10.1016/j.cosust.2019.11.009.

Vaez Eslami, Sima. 2019. “Effects of Urban Form and Navigational Aids on Visitors’ Spatial
Cognition and Wayfinding Behaviour,” March. https://doi.org/10.25904/1912/698.

U.Porto Journal of Engineering, 9:2 (2023) 132-157 156


https://doi.org/10.1016/j.compenvurbsys.2020.101563
https://www.seattle.gov/documents/Departments/SDOT/UrbanDesignProgram/PedestrianWayfindingProgram/Wayfinding%20Strategy_July2019_SDOT%20Edit.pdf
https://www.seattle.gov/documents/Departments/SDOT/UrbanDesignProgram/PedestrianWayfindingProgram/Wayfinding%20Strategy_July2019_SDOT%20Edit.pdf
https://segd.org/legible-london
https://doi.org/10.1016/j.landusepol.2022.106359
https://doi.org/10.4324/9780203789155
https://doi.org/10.1068/b32043
https://doi.org/10.1093/acref/9780195392883.001.0001
https://doi.org/10.5153/sro.4185
https://www.tmr.qld.gov.au/-/media/busind/techstdpubs/Cycling/Guideline-Wayfinding-and-signage-for-people-walking.pdf?la=en
https://www.tmr.qld.gov.au/-/media/busind/techstdpubs/Cycling/Guideline-Wayfinding-and-signage-for-people-walking.pdf?la=en
https://www.tmr.qld.gov.au/-/media/busind/techstdpubs/Cycling/Guideline-Wayfinding-and-signage-for-people-walking.pdf?la=en
https://doi.org/10.1016/0010-0285(82)90019-6
https://www.toronto.ca/wp-content/uploads/2017/11/999c-Wayfinding-Sign-Placement-Guidelines.pdf
https://www.toronto.ca/wp-content/uploads/2017/11/999c-Wayfinding-Sign-Placement-Guidelines.pdf
https://doi.org/10.1016/j.aap.2016.02.031
https://content.tfl.gov.uk/ll-yellow-book.pdf
https://doi.org/10.1016/j.cosust.2019.11.009
https://doi.org/10.25904/1912/698

Understanding Spatial Cognition for Designing Pedestrian Wayfinding Systems: development of practical guidance
Lara Bomfim, Sara Cruz

Vandenberg, Ann E. 2016. “Human Wayfinding: Integration of Mind and Body.” In Community
Wayfinding: Pathways to Understanding, edited by Rebecca H. Hunter, Lynda A. Anderson,
and Basia L. Belza, 17-32. Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-319-31072-5_2.

Vukmirovic, Milena, and Suzana Gavrilovic. 2020. “Placemaking as an Approach of Sustainable
Urban Facilities Management.” Facilities 38 (11/12): 801-18. hitps://doi.org/10.1108/F-04-
2020-0055.

Wankhede, Kalyani, and Amit Wahurwagh. 2016. “The Sensory Experience and Perception of
Urban Spaces.” International Journal on Emerging Technologies 7 (1): 741-44.
www.researchtrend.net.

“Website Larus Design — Sinalética Expo’98.” 1998. Accessed May 15, 2013.
https://www.larus.pt/pt/customizacao/projecto/97-sinaletica-expo-98.html.

Xia, Jianhong (Cecilia), Colin Arrowsmith, Mervyn Jackson, and William Cartwright. 2008. “The
Wayfinding Process Relationships between Decision-Making and Landmark Utility.”
Tourism Management 29 (3): 445-57. https://doi.org/10.1016/}.tourman.2007.05.010.

Yun, Hee Jeong, Dong Jin Kang, and Myong Jae (Mj) Lee. 2018. “Spatiotemporal Distribution
of Urban Walking Tourists by Season Using GPS-Based Smartphone Application.” Asia
Pacific Journal of Tourism Research 23 (11): 1047-61.
https://doi.org/10.1080/10941665.2018.1513949.

Acknowledgments

This work is part of an internship of a master student in the Municipality of Porto, Municipal
Division of Requalification of Public Spaces, in the scope of the Master in Spatial Planning and
Urban Project, of the University of Porto. Thus, we would like to acknowledge Arch. Jodo
Pestana and the municipal team for all the support and collaboration along the internship.

U.Porto Journal of Engineering, 9:2 (2023) 132-157

157


https://doi.org/10.1007/978-3-319-31072-5_2
https://doi.org/10.1108/F-04-2020-0055
https://doi.org/10.1108/F-04-2020-0055
http://www.researchtrend.net/
https://www.larus.pt/pt/customizacao/projecto/97-sinaletica-expo-98.html
https://doi.org/10.1016/j.tourman.2007.05.010
https://doi.org/10.1080/10941665.2018.1513949

